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ABSTRACT OF DISSERTATION 

CYTOLOGICAL AND BIOCHEMICAL CHARACTERIZATION 
OF ALSTROEMERIA, LEONTOCHIR AND BOMAREA 

lsozyme characterization and cytological analysis were used to characterize 

and identify species and cultivars of Alstroemeria, Leontochir and Bomarea. 

Twenty four species, hybrids and color variants of Alstroemeria, two plants of 

Leontochir ova/lei and one plant of Bomarea species, as well as 23 cultivars were 

available for isozyme characterization. Nine species of Alstroemeria, two 

Leontochir ova/lei, one Bomarea species and 22 Alstroemeria cultivars were 

investigated to determine their karyotypes and the Giemsa banding patterns of their 

chromosomes. 

Seven isozyme systems were identified which exhibited a high level of 

polymorphism among the species. A single technique was developed for the 

extraction of all of these enzymes. The enzyme systems investigated were 

phosphogluco-mutase, phosphogluco-isomerase, 6-phosphogluconate 

dehydrogenase, aspartate amino transferase, malic enzyme, esterase and leucine 

amino peptidase. 

It was found that between 11 and 18 of the species and hybrids could be 

identified uniquely for each of the first six enzyme systems. The final system, 

leucine amino peptidase was tested on only 11 species and hybrids and 9 different 

patterns were identified. Using only 3 of the seven enzyme systems it was 

possible to uniquely identify all of the species and hybrids investigated. 

When the 23 cultivars were analyzed, using the first six enzymes, a high 
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level of variability was evident. This was expected due to the polyploid nature of 

most of the cultivars. The highest level of variability was found for esterase with 

which 20 of the 23 cultivars exhibited unique banding patterns . All of the cultivars 

could be uniquely characterized using a combination of only two of the six 

enzymes. 

Very little is known about the parentage of most of t he cultivars. 

Comparison of the banding patterns of the cultivars and the species allowed the 

identification of the possible parents of each of the cultivars studied. 

Using both karyotype analysis and Giemsa banding it was possible to identify 

individual chromosomes within each species. The identification of a particular 

species could then be described in terms of the characterist ics of each 

chromosome pair within the complement. The karyotype of all three genera was 

quite similar, particularly the distribution of acrocentric and the smaller metacentric 

and submetacentric chromosomes. However, Alstroemeria had 2n = 2x = 16 

chromosomes, whereas Leontochir and Bomarea had 2n = 2x = 18 chromosomes. 

Characterization and identification of cultivars was also possible using these 

techniques. Each cultivar studied had a unique complement of chromosomes 

which clearly identified the cultivar. 

Using these two approaches it is possible to uniquely identify the species 

and cultivars of all three genera. This information may now be used to determine 

the ppobable parentage of the cultivars. The present study also provides an 

approach which can be used to further the understanding of the relationships 
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between these three genera. When more species have been studied and their 

unique characteristics revealed, it will be possible to use this information to clarify 

the identity of the putative parents of the European cultivars. 

V 



vi 
ACKNOVVLEDGEMENTS 

I would like to thank my advisor, Prof. Harrison Hughes for his support and encouragement 

during the course of this research. Thanks are also extended to Professors C. Stushnoff and E. 

Roos for theit contructive comments and suggestions as members of my committee. Dr S. \/Vang 

is gratefully acknowledged for his constant encouragement and valuable advise as well as the 

support of Kim Davidson in helping with word processingandother matters at various times. 

To my husband Graeme and my children Michael, Mark, Philip and Sara, thank you for your 

support and love without which it would not have been possible to complete this research. 



vu 

TABLE OF CONTENTS 

Chapter 1 

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . 1 

Chapter 2 

LJTERAlURE REVIEW. .......... ...... ...... 4 
Evolution of lsozymes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Characterization using isozymes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

Chapter 3 

MATERIALS AND METHODS ................... . 21 
Gel formation .......... .. .... ... .... ... ........ ... . .. .. ......... 21 
Extraction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 

Bectrophoresis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 

Chapter 4 
RESULTS . . . . ......... .............. 32 

SPECIES ...... ... ......... .... .... . ... ......... . . .. ........ ... 34 
Phosphoglucermutase . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 
Phosphoglucerisomerase ..................................... 35 
6-Phosphogluconate dehydrogenase . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 
Aspartate aminotransferase . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 
Malic Enzyme . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46 
Est erase . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49 
Leucine amino peptidase . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 

CUL TIVARS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54 

Chapter 5 

Phospho-gluco mutase ...................................... 54 
Phospho-gluco isomerase ........ . ........ . . .. .. . ... . .. ..... . 56 
6-Phosphogluconate dehydrogenase . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58 
Aspartate aminotransferase . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 
Malic Enzyme . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62 
Est erase . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62 

DISCUSSION . . . . . . . . . . . . . . . . . . . . . . . . . . 66 
Phosphoglucermutase ............................................ 66 
Phosphogluco-isomerase . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 
6-Phosphogluconate dehydrogenase . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 
Aspartate aminotransferase . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 
Malic enzyme . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 
Esterase . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71 



Vlll 

Leucine amino peptidase ....... . . . ....... . ............ . ........... 73 
lsozyme characterization of species . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73 
Cultivar Identification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78 

Chapter 6 
INTRODUCTION . .. . .. . . . ............. . .. 82 

Chapter 7 
LITERATURE REVIEW .. . . . .. .. . .... . . . .. . .. . 84 

A MORPHOLOGY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84 
B. KARYOTYPE ANALYSIS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85 
C. GIEMSA BANDING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89 

Chapter 8 

Chapter 9 

MATERIALS AND METI-fODS . . . . . . . . . . . . . . . . . . . . 93 

RESULTS .. .... ... . .. . .. . . . ... . ... .. 96 
A pelegrina . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98 
A pulchella . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98 
A psittacina . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102 
A aurantiaca . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102 
A chilensis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105 
A. ligtu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108 
A ligtu hybrid . . . . . .. . . ... . ... ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110 
A sierrae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113 
A versicolor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115 
Leontochir ovallei . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115 
Bomarea species . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118 

CULTIVARS ... .... . . ....... . . . . .. ..... ... .. . . . ....... . .. . . .. . . ... .. 121 
Diploid cultivars . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121 

A 'Canaria' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121 
A 'Eureka' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124 
A 'Orchid' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 128 

Triploid Cultivars . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132 
A ' King Cardinal' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132 
A 'Marina' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135 
A 'Yellow King' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 140 
A 'Appelbloesem' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 144 
A 'Pink Triumph' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147 
A ' Mona Lisa' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153 
A 'Monika' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155 
A 'Rosita' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158 
A· 'Carmen' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162 



lX 

A · Red Surprise' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166 
A · Orange Beauty' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 170 

T etraploid cultivars . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 4 

Chapter 10 

A 'Jubilee' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 174 
A · Luciana' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 176 
A · Rosario' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 179 
A ·orego' ... ·. ....... . .. ... .... .. ...... . . . . . . . . . . . . 179 
A 'Ariza' ................ . ............... ·. . . . . . . . . . 182 
A 'Alnba' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 184 
A 'Texas' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 184 
A 'Neva' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 188 

DISCUSSION . . . . . . . . . . . . . . . . . . . . . . . . . 190 

Chapter 11 

CONCWSION . . . . . . . . . . . . . . . . . . . . . . . . . 215 

REFERENCES 

Part 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 218 

REFERENCES 

Part 2 ............................ 226 



X 

UST OF TABLES 

2.1 Abbreviations used to designate enzymes. . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 
3.1 Abbreviations, source, origin and synonyms for alstroemeria species and cultivars 22 
3.2 Ingredients for separating gels. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
3.3 Ingredients for stacking gels. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
3.4 Buffers. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 
3.5 Staining solutions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 

5.1 Separation of species based on isozyme patterns. . . . . . . . . . . . . . . . . . . . 77 
5.2 Possible parents of cultivars studied. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79 

8.1 Centromere position and chromosome description. . . . . . . . . . . . . . . . . . . 95 

9.1 Plants used for karyotype analysis and Giemsa banding. . . . . . . . . . . . . . . 97 
9.2 Average measurements for A pe/egrina. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99 
9.3 Average measurements of chromosome pairs of A pelegrina. . . . . . . . . 99 
9.4 Average measurements for A pulchella. . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 
9.5 Average measurements of chromosome pairs of A pulchella. . . . . . . . 100 
9.6 Average measurements for A psittacina . . . . . . . . . . . . . . . . . . . . . . . . . . 103 
9. 7 Average measurements of chromosome pairs of A psittacina. . . . . . . . 103 
9.8 Average measurements for A aurantiaca . . . . . . . . . . . . . . . . . . . . . . . . . 104 
9.9 Average measurements of chromosome pairs of A aurantiaca. . . . . . 104 
9.10 Average measurements for A chilensis. . . . . . . . . . . . . . . . . . . . . . . . . . 106 
9.11 Average measurements of chromosome pairs of A chilensis. . . . . . . 106 
9.12 Average measurements for A ligtu. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109 
9.13 Average measurements of chromosome pairs of A ligtu. . . . . . . . . . 109 
9.14 Average measurements for A ligtu hybrid. . . . . . . . . . . . . . . . . . . . . . 111 
9.15 Average measurements of chromosome pairs of A ligtu hybrid . 111 
9.16 Average measurements for A sierrae . . . . . . . . . . . . . . . . . . . . . . . . . 114 
9.17 Average measurements of chromosome pairs of A sierrae. . . . 114 
9.18 Average measurements for A versicolor . . . . . . . . . . . . . . . . . . . . . . 116 
9.19 Average measurements of chromosome pairs of A. versicolor. . .. . . . 116 
9.20 Average measurements for L ova/lei. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117 
9.21 Average measurements of chromosome pairs of L ova/lei. . . . . . . . . 117 
9.22 Average measurements for Bomarea species. . . . . . . . . . . . . . . . . . . . 119 
9.23 Average measurements of chromosome pairs of Bomarea species. . . . . . 119 
9.24 Average measurements of chromosomes of A 'Canaria'. . . . . . . . . . . . . . 122 
9.25 Average measurements of chromosomes of A 'Eureka'. . . . . . . . . . . . . . 125 
9.26 Average measurements of chromosomes of A 'Orchid'. . . . . . . . . . . . . . 129 
9.27 Average measurements of chromosomes of A 'King Cardinal'.. . . . . . . . 133 
9.28 Average measurements of chromosomes of A. 'Marina'. . . . . . . . . . . . . . 136 
9.29 Average measurements of chromosomes of A. 'Yellow King'. . . . . . . . . 141 
9.30 Average measurements of chromosomes of A 'Appelbloessem' . . . . . 145 
9.31 Average measurements of chromosomes of A 'Pink Triumph'. . . . . . . 149 
9.32 Average measurements of chromosomes of A. 'Mona Usa'. . . . . . . . . 154 
9.33 Average measurements of chromosomes of A. 'Monika'. . . . . . . . . . . . 156 



XI 

9.34 Average measurements of chromosomes of A. 'Rosita'. . . . . . . . . . . . . 159 
9.35 Average measurements of chromosomes of A. 'Carmen'. . . . . . . . . . . 164 
9.36 Average measurements of chromosomes of A. 'Red Surprise'. . . . . 167 
9.37 Average measurements of chromosomes of A. ·orange Beauty'. . . . . 170 
9.38 Average measurements of chromosomes of A. 'Jubilee'. . . . . . . . . . . . 175 
9.39 Average measurements of chromosomes of A. 'Luciana'. . . . . . . . . . 177 
9.40 Average measurements of chromosomes of A. 'Rosario'. . . . . . . . . 180 
9.41 Average measurements of chromosomes of A. ·orego'. . . . . . . . . . . 181 
9.42 Average measurements of chromosomes of A. 'Ariza'. . . . . . . . . . . . . 183 
9.43 Average measurements of chromosomes of A. 'Alnba'. . . . . . . . . . . . 185 
9.44 Average measurements of chromosomes of A. ·rexas'. . . . . . . . . . . 186 
9.45 Average measurements of chromosomes of A. ·Neva'. . . . . . . . . . . . 189 

10.1 Relative lengths of long anns and short arms of A. aurantiaca, · Canaria' and · Orchid' 
205 

10.2 Relative lengths of long anns and short arms of A. pelegrina and A. · Eureka' 207 
10.3 Relative length of long anns and short arms of A. psittacina, ' Marina' and 'Carmen' 

210 
10.4 Relative length of long arm and short arm of 'King Cardinal'. . . . . . . 213 



Xll 

UST OF FIGURES 
4.1 Comparison of preparation techniques - Esterase stain. . . . . . . . . . . . . . . . . . . 33 
4.2a Separation of PGM isozymes. .... ..... . .... .. ... . . . . . . . . . . . . . . . . . 36 
4.2b Diagrammatic representation of PGM isozymes. . . . . . . . . . . . . . . . . . . . . . . . . 37 
4.3a Separation of PGI isozymes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 
4.3b Diagrammatic representation of PGI isozymes. . . . . . . . . . . . . . . . . . . . . . . 39 
4.4a Separation of 6-PGD isozymes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 
4.4b Diagrammatic representation of 6-PGD isozymes. . . . . . . . . . . . . . . . . . . . 42 
4.5a Separation of AAT isozymes.... . .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 
4.5b Diagrammatic representation of AAT isozymes. . . . . . . . . . . . . . . . . . . . . 45 
4.6a Separation of ME isozymes........... .... ... .... ... . . . .. . . . . . . . . 47 
4.6b Diagrammatic representation of ME isozymes. . . . . . . . . . . . . . . . . . . . 48 
4.7a Separation of EST isozymes.. . ..... . .. .. . .. .. ... . ........ . . . . . . 50 
4.7b Diagrammatic representation of EST isozymes. . . . . . . . . . . . . . . . . . . . . 51 
4.8 Separation and diagrammatic representation of LAP isozymes. . . . . . . 53 
4.9 Separation and diagrammatic representation of PGM isozymes - cultivars. 55 
4.1 O Separation and diagrammatic representation of PGI isozymes - cultivars. 57 
4.11 Separation and diagrammatic representation of 6-PGD isozymes - cultivars. . . 59 
4.12 Separation and diagrammatic representation of AAT isozymes - cultivars. . . . . . 61 
4.13 Separation and diagrammatic representation of ME isozymes - cultivars. . . . . . 63 
4.14 Separation and diagrammatic representation of EST isozymes - cultivars. . . . . 64 

9.1 a A. pelegrina - acetocarmine stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101 
9.1 b A. pelegrina - Giemsa stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101 
9.2a A. pulchella - acetocarmine stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101 
9.2b A. pulchella - Giemsa stain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101 
9.3a A. psittacina - acetocarmine stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101 
9.3b A. psittacina - Giemsa stain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101 
9.4a A. aurantiaca - acetocarmine stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101 
9 . .!b A. aurantiaca - Giemsa stain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107 
9.5a A. chilensis - acetocarmine stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107 
9.5b A. chilensis - Giemsa stain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107 
9.6a A.ligtu - acetocarmine stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107 
9.6b A. ligtu - Giemsa stain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107 
9.7a A. ligtu hybrid- acetocarmine stain . . . . . . . . . . . . . . . . . . . . . . . . . . . 112 
9.7b A. ligtu hybrid - Giemsa stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112 
9.8a A. sierrae - acetocarmine stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112 
9.8b A. sierrae - Giemsa stain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112 
9.9a A.versicolor- acetocarmine stain.... . . . . . .. . . . .. . . .... . ... . . . 112 
9.9b A. versicolor- Giemsa stain . . . . . . . . . . . . . . . . . . . . . . . . . . . 112 
9.10a L ova/lei- acetocarmine stain... ....... . .... . ... .. . .... . .. . 120 
9.1 Ob L ova/lei - Giemsa stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120 
9.11 a Bomarea species - acetocarmine stain. . . . . . . . . . . . . . . . . . . . . . . 120 
9.11 b Bomarea species - Giemsa stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . 120 
9.12a A. 'Canaria' - acetocarmine stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . 126 



Xlll 

9.12b A. ·eanaria'- Giemsa stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126 
9.13a A. 'Eureka' - acetocarmine stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . 126 
9.13bA. ' Eureka' - Giemsa stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126 
9.14a A. ·orchid' - acetocarmine stain. . . . . . . . . . . . . . . . . . . . . . . . . . . 126 
9.14b A 'Orchid' - Giemsa stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126 
9.15a A. · King cardinal' - acetocarmine stain. . . . . . . . . . . . . . . . . . . . . 137 
9.15b A 'King cardinal - Giemsa stain... . . ...... . ...... . . . . . . . . . . . . . . . .. 137 
9.16a A. · Marina' - acetocarmine stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137 
9.16b A. ' Marina' - Giemsa stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137 
9.17a A. 'Yellow King' - acetocarmine stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . 137 
9.17b A. 'Yellow King' - Giemsa stain. . ... .... . . . .. . . .. .. . . . . . . . . . . . . . 137 
9.18a A.'Appelbloessem' - acetocarmine stain. . . .. . ....... .. . . . . . . . . . 150 
9.18b A 'Appelbloessem' - Giemsa stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150 
9.19a A 'Pink Triumph' - acetocarmine stain... .... ...... . ... . .... .. .. 150 
9.19b A. 'Pink Triumph' - Giemsa stain.. . . ....... . .. . ... .. .. . . . . . . . . . . 150 
9.20a A. · Mona Lisa' - acetocarmine stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150 
9.20b A. 'Mona Lisa' - Giemsa stain ..... .. . . . ...... .. ·. . . . . . . . . . . . . . . . . 150 
9.21a A. 'Monika' - acetocarmine stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160 
9.21b A. 'Monika' - Giemsa stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160 
9.22a A. 'Rosita' - acetocarmine stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160 
9.22b A 'Rosita' - Giemsa stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160 
9.23a A ·carmen' - acetocarmine stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160 
9.23b A ·carmen' - Giemsa stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160 
9.24a A 'Red Surprise' - acetocarmine stain. . . . . . . . . . . . . . . . . . . . . . . . . . 171 
9.24b A · Red Surprise' - Giernsa stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 171 
9.25a A. ·orange Beauty' - acetocarmine stain. . . . . . . . . . . . . . . . . . . . . . . 171 
9.25b A. ·orange Beauty' - Giemsa stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 171 
9.26a A. · Jubilee' - acetocarmine stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178 
9.26b A. ' Jubilee' - Giemsa stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178 
9.27a A. 'Luciana' - acetocarmine stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178 
9.27b A · Luciana' - Giemsa stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178 
9.28a A · Rosario' - acetocarmine stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178 
9.28b A. · Rosario' - Giemsa stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178 
9.29a A. ·orego' - acetocarmine stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178 
9.29b A. · Orego - Giemsa stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178 
9.30a A. 'Nizo' - acetocarmine stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178 
9.30b A. 'Nizo' - Giernsa stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178 
9.31a A. 'Alnba' - acetocarmine stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187 
9.31b A 'Alnba' - Giemsa stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187 
9.32a A 'Texas - acetocarmine stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187 
9.32b A. Texas' - Giemsa stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187 
9.33a A. 'Neva' - acetocarmine stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187 
9.33b A 'Neva' - Giemsa stain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187 

10.1 !diagrams of Alstroemeria, Leontochirand Bomarea species... . . .. 196 
10.2 Diagrammatic representation of species. . . . . . . . . . . . . . . . . . . . . . . . . 198 



1 

Chapter 1 

INTRODUCTION 

Alstroemeria have become very important as a cut flower in the last 15 years in the United 

States. They require lower temperatures for flowering and growth than many other greenhouse 

grown floral crops making them cheaper to produce and are prized for their long vase life. The 

cultivars currently grown in the United States for cut flowers were developed in the Netherlands 

and in England earlier this century. The parentage of the cultivars was never completely revealed 

by the breeders. In some instances one of the putative parents was named but rarely are two 

or more ancestral parents known. 

There are over 60 species of .AJstroemeria native to South .America, generally from Peru, 

Argentina and Brazil. Some species are also known to be endemic to Mexico and Central 

America. The common name of these flowers is Peruvian Lily or Uly of the Incas since they were 

known to be grown by Inca rulers in their flower gardens. The first species was brought to 

England in 1753. 

Since the parentage of the common commercially grown cultivars is not known, 

development of local cultivars in the U.S. has been less successful than that in Europe. 

American breeders are required to pay lease fees for the European plants that they grow as well 

as a royalty for every stem that they sell. This makes these cut flowers more expensive than they 

otherwise would be. 

Identification of the species most likely involved in the breeding of the European cultivars 

would allow American breeders to better focus their breeding efforts. This would speed up 
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development of cultivars for local growing conditions. 

Two approaches were used in this study to provide breeders with the necessary 

information to identify breeding materials. The first approach ( chapters 1-5) was to utilize the 

genetic polymorphisms known to exist within the enzyme systems of many plants, through the 

characterization of the isozyme banding patterns of these plants. The second approach ( chapters 

6-10) was to carry out an extensive cytological study of several species and cultivars in order to 

identify each of them with respect to the chromosome complement and the Giemsa banding 

patterns of each of the chromosomes or chromosome pairs. 

lsozymes have been used in many instances to identify and characterize individual plants 

and species. They are able to provide information for the patenting of new cultivars and lines as 

well as to unravel the genetic relationships between plant species. 

Using polyacrylamide gels the various isozymes of seven enzyme systems were separated 

and analysed to determine their distribution within each species of the genus .AJstroemeria. 

Similar analyses of the related genera Bomarea and Leontochir ova/lei were also conducted in 

order to compare the three genera and to provide information that will allow the level of 

relatedness of them to be determined. 

Analyses of 23 commonly grown cultivars were also conducted in order to compare their 

isozyme banding patterns with those of the species. The bands present within each cultivar were 

then compared with the bands produced by each of the species. Wiere a high level of common 

bands were revealed between the cultivar and one of the species, it was proposed that the 

species may have been a possible parent for that cultivar. In some instances two or more 

species were identifie-:. as possible putative parents. 

Most of the European cultivars were the result of hybridization and polyploidization of 

various species. Many of them were developed through the process of mutagenesis using x-rays. 
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This may have resulted in changes within the DNA which in tum changed the proteins produced 

by the plant. The precise identification of the cultivars is therefore not readily achieved. 

The first section of this work reviews the results of isozyme analyses already completed 

for many horticultural and agronomic crops. The many uses of isozymes in determining genetic 

identity and relationships among species and genera are discussed. 

The two main methods for separating isozymes and their relative merits and problems are 

addressed in order to justify the methodology chosen in this study which was to use 

polyacrylaminde gel as the separation medium. 

The results obtained through this research provide information which allows for the 

characterization and identification of all the species and cultivars included in the study. The 

relationship of the banding patterns of the species to that of the cultivars allows some speculation 

as to the possible putative parents of the cultivars. 

Although much work still remains, the results of this research provide the basis by which 

species and cultivars of Alstroemeria and the related genera Leontochir and Bomarea may be 

easily characterized and their relationships to one another determined. 

The second part of this study provides further information which may aid in the 

identification of the species and cultivars. The conclusion to this work is therefore placed at the 

end of the second section and addresses the results of both parts of the research. 
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Chapter 2 

LITERATURE REVIEW 

The phenotype of a plant is determined by its morphology and its production of secondary 
compounds such as flavenoids and terpenoids. However, it is difficult to use this approach when 
establishing phylogenetic and systematic relationships since there is no accurate equation 
between phenotype and genotype. 

Enzyme electrophoresis, on the other hand, provides data which is fundamentally different 
from morphological data and/or secondary chemistry. Differences in the electrophoretic mobility 
of the enzymes are usually the result of changes in the structural genes coding for polypeptides, 
thus electrophoretic differences between isozymes are a direct result of genetic differences. 

There are also a number of disadvantages when using morphological characters as markers 
in plant genetic studies. There may be epistatic and or pleiotrotropic effects which limit the 
number of markers which can be assembled in a single stock. More importantly the recessive 
alleles of genes for morphological characters may be deleterious when homozygous. Most 
isozyme loci, however, have alleles which are CCrdominantly inherited. They cause no deleterious 
effects through pleiotropy or recessiveness, and heterozygotes are easily distinguishable from 
homozygotes. Thus, isozymes have been widely used as markers for systematic, genetic and 
evolutionary studies. 

Electrophoresis is a chromatographic technique for the separation of mixtures of ionic 
compounds. Gel electrophoresis combines elements of separation based on charge and gel 
filtration or separation based on size. Thus, the charged molecules migrate at a rate determined 
by the charge and the size of the protein as well as its shape. We can then use enzyme activity 
staining to visualize the separated bands. Many enzymes have a particular stain and incubation 
condition which can be used to visualize the position of that enzyme in the gel. Since isozymes 
are different molecular forms of an enzyme with the same substrate specificity (Markert and 
Moller, 1959), there may be more than one band visible in the gel. Multiple molecular forms of 
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enzymes have been found by electrophoretic methods in almost every organism studied so far. 

Each species may have a unique banding pattern with each band representing proteins of 
different mobility in a polarized electric field . The number of isozymes detectable depends on 
several factors such as the number of genes coding for the enzyme, the number of alleles of each 
gene which specify electrophoretically distinct polypeptides, the quartemary structure of the 
enzyme and the extent to which the subunits of polymeric enzymes can cross-multimerize as 
intergenic enzymes. 

Genetic analysis allows the distinction to be made between different forms of enzymes that 
are products of different alleles, i.e. allozymes, and those that are coded by different genes, i.e. 
isozymes. Therefore, it is possible to quantify exactly the number of genes induded in the study, 
as well as the number of alleles at each loci. 

The actual number of bands · present from each gene is also affected by the active subunit 
composition of the enzyme. Species homozygous at the locus have only one band for the 
enzyme. If the species is heterozygous, two bands will be seen for monomeric enzymes, one for 
each allele in the chromosome compliment. If the enzyme is dimeric, however, three bands will 
be seen, one band for each of the homodimeric enzymes and an intermediate band for the 
heterodimeric enzyme. Similarly, for a tetrameric enzyme there will be five bands present as the 
two alleles can associate in five different conformations to construct the active enzyme. 

In plants, a further factor to be considered is the localization of enzymes in subcellular 
compartments. Since the same catalytic reaction is required, these isozymes will be revealed as 
extra bands in the gel. For example, both plastids and cytosol contain enzymes for the reactions 
of the oxidative pentose phosphate pathway and of glycolysis (Gottleib, 1982). Generally there 
are two isozymes for each enzyme of glycolysis and the pentose phosphate pathway, at least 
three or four of aspartate aminotransferase, at least three of nicotinamide adenine dinudeotide-
specific malate dehydrogenase and two or three alcohol dehydrogenases. 

It is interesting to note that both conifers and the flowering plants, which diverged more 
than 100 million years ago, have the same number of isozymes of each enzyme. The tissue 
examined was green leaves in the flowering plants and the large female gametophyte in the seed 
of the conifers. There appears to have been a conservation of metabolic activities in different 
subcellular compartments as well as conservation of the same number of isozymes in these 
distinct tissues (Gottleib, 1982). 
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It should also be noted that plastid isozymes often exhibit much less variability than the 

cytosolic isozymes. There are fewer variants per species and the electrophoretic mobilities of all 

plastid isozymes are closely similar, always migrating to the same narrow region of the gel 

whereas those of the cytosolic isozymes are often grossly different (Gottleib, 1982). 

As the organism develops from embryo to adult there is a differential expression of 

enzymes in different cell types, tissues and organs as each becomes necessary for different 

biochemical pathways. For instance, the catalase enzyme system in Zea mays is coded by three 

genes Cat-1, Cat-2 and Cat-3. Cat-1 is active during kemal development and then rapidly 

decreases in activity in the scutellum after seed germination. Cat-2 increases in activity after 

seed germination, peaking at day 4 of seedling growth and then dedines. Therefore, at day one 

after germination, only Cat-1 is expressed, as growth proceeds Cat-1 and Cat-2 are 

simultaneously expressed and during later stages of seedling growth only Cat-2 is observed. 

Differential rates of synthesis and degradation are responsible for the change in expression from 

Cat-1 to Cat-2 as development proceeds (McMillin, 1983). 

It has also been demonstrated that many isozymes are tissue specific. \/Veeden (1984) 

revealed that, of 10 loci useful for distinguishing white seeded bean cultivars, only malic enzyme, 

rubisco, adenylate kinase, esterase and acid phosphatase exhibited differences in activity or 

presence of bands when different tissues were used. Aconitase 1 and aconitase 3 were found 

to be present in Annona cherimola flowers only, and not in leaf extracts (Ellstrand and Lee, 1987). 

Similarly, specific esterase isozymes were only present in embryo-scutellum and immature 

endosperm but not in leaf tissue of barley (Hvid and Nielsen, 1977). Hart (1983) includes 

information on the tissue location of many of the isozymes of Triticum aestivuum CJ Chinese 

Spring as does Brown (1983) in his discussion of barley. Tissue specificity of thirteen enzymes 

in rice has been determined by Second (1982) and Second and Trouslot (1980). A number of 

papers by Tanksley, Rick and others indicates the tissue specificity of many enzyme loci of 

tomato (Rick, 1983). Examples of tissue specificity may also be found for tobacco, petunia, 

eucalyptus, potatoes and peas. 

Another factor which affects the appearance of different isozymes may be the environmental 

growing conditions of the plant. Mineral nutrition, cold temperature hardening and disease 

infection may all influence the intensity of isozyme activity or the appearance of different 

molecular forms (Pierce and Brewbaker, 1973). However, Nielsen (1985) concluded that 

environment was not very important. 
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It is clear, therefore, that great care must be taken to collect samples for isozyme analysis that 
are from comparable tissues of a similar developmental stage. Additionally, clear separation of 
isozyme bands is a cumulative result of proper sample size, extraction buffer, gel composition and 
pH, electrolyte, electrical current and stain technique. Obviously, some error is often introduced 

with these variables (Pierce and Brewbaker, 1973). 

Evolution of lsaeyrres 
Multiple forms of an enzyme may provide important genetic variation on which selection can 

operate, thus causing divergence between isozymes. The degree of divergence may be 
evaluated if we have sequence information on the genes coding the proteins, the physical and 
kinetic properties of the isozymes and a complete knowledge of the temporal and spatial 
expression of each isozyme. The DNA sequence comparison permits an absolute measure of 
the genetic change between the two isozymes while the other properties allow an estimation of 
the functional divergence. Although we often have little or no knowledge of the coding gene 
sequence, the structural and kinetic characteristics of isozymes as well as developmental and 
tissue distribution are more easily obtained (VVeeden, 1983). 

Multiple forms of an enzyme can be produceded by alteration of the translated polypeptide. 
These conformational isozymes merely represent different structural configurations of the same 
polypeptide, e.g. malate dehydrogenase and enolase. Condensation of an enzyme into groups 
of two or more may produce a series of aggregational isozymes, e.g. glutamic dehydrogenase, 
glyceraldehyde and 3-phosphate dehydrogenase. Post-translational modification of the proteins 
will also result in the formation of isozymes (VVeeden, 1983). 

An important factor in producing multiple enzymes is the process of gene duplication which 
is then followed by divergence between the loci. This will often result in a zymogram phenotype 
that is similar to that produced by heterozygous individuals. However, each gamete will contain 
one copy of each locus instead of only one of the two alleles as in a true heterozygote. 
Duplication may occur in a number of different ways. The process of unequal crossing over 
between homologous chromosomes will lead to a tandem duplication of genetic material on one 
pair of chromosomes. Chromosomal rearrangements may produce inverted or non-adjacent 
duplications. Gene amplification can result in duplicate segments of genetic material on non-
homologous chromosomes or a series of reciprocal translocations between non-homologous 
chromosomes may also ~esult in gene duplication. Polyploidy is an important source of gene 
duplication in vascular plants and the result is that every gene in the plant will be duplicated. 
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The most important source of isozymes in the plant cell seems to have arisen through the 
transfer of the genomes of the prokaryotic symbionts; in other words, when the cyanobacteria 
and bacteria became a part of the plant cell to form the chloroplast and the mitochondria. The 
products of these genes have retained their specificity for the organelle and enzymes originally 
possessed by both the endosymbiont and the host cell have become organelle and cytosolic 
isozymes respectively (VVeeden, 1983). 

Given that various isozymes may have arisen through one of these methods, what is the 
evolutionary potential of isozymes? Evolution of an enzyme is generally a slow process of 
mutation followed by selection or random drift. lsozyme evolution differs from this description in 
that the presence of a second form of the enzyme in the organism may influence the evolutionary 
opportunities available to the first. The potential for isozymes to differentiate and develop new 
functions depends to a large extent on the manner by which they are generated. Thus, the 
likelihood for divergence between conformational isozymes is very different from that of isozymes 
coded by duplicated loci. 

lsozymes with identical structural genes, that is, those due to post-translational modifications, 
conformational changes or aggregational variations, may exhibit altered isoelectric points, 
temperature stablility differences or different kinetic properties. However, since these gene 
products presumably fill some essential role in cellular metabolism, they are probably not able to 
acquire new functions while still maintaining an original role and evolution at the level of structural 
gene would be very slow. 

Allozymic forms of an enzyme can differ in their amino a-: :d sequence as well as in their 
modifications and should display greater variation than the previous group of isozymes. The 
divergence of these isozymes is still constrained by the metabolic role they fill in the cell. Ariy 
change that impairs the normal function of an allozyme will be selected against unless that 
function is of minor importance to cellular metabolism or the change provides the organism with 
additional capabilities that are of greater use than those lost. Major alterations in the active or 
regulatory sites, sub-unit binding regions or controlling elements for gene expression are rarely 
beneficial to an organism already adapted to its environment. Thus, major changes are still not 
expected at the allozyme level (V\Jeeden, 1983). 

The greatest potential for isozyme evolution is found in those isozymes coded by separate 
loci. Gene duplications produce identical copies which presumably are both ~ctively transcribed. 
Often, only one of these duplicate loci is necessary to fulfill the cell's need for the product, 



9 

pemitting the second loa.is to collect 'forbidden' mutations. Sudl isozyme systems night exhibit 
differences in specificity, in regulatory controls or in developmental expression \Nithout reducing 
the fitness of an individual. Variation in certain isozymes may be iITl)ortant in a plant's capacity 
to survive in a variety of environments (Shaw and Prasad, 1970). Cira.unstantial evidence 
indicates that polyrrorphisms may play a role in the increased adaptability of an organism, as 
shOIM1 by the correlation of polymorphism patterns \Nith patterns of environmental variation (Jain, 
1969; Markert and MJller, 1959). Sing and Brev.er (1971) showed that greater protein diversity 
was found in \Nidely adapted Triticum species than in the more narrowy adapted Aegilops 
relatives. Similarly, .Arulsekar and Bringhurst (1983) indicate that octaploid Fragraria, ooidl 
oa:upy a rrudl broader ecological range in California than the diploids, have an increased 
isozyme variability than the diploids. 

Since duplicated loci may result in a drain on the cell's energy reserves \Nith little in the way 
of benefit to the cell, the situation \Nill resolve itself by either silencing one of the loci or by their 
divergence until their roles are no longer redundant. Ultimately, in the latter case, the loci \Nill 
produce independent enzymes. It is most likely, however, that one of the loci becomes 
silenced so that the organism expresses only one form of the enzyme (Weeden, 1983). 

It has also been proposed that heterosis may be a factor in isozyme evolution. Hybrid bands 
ooidl appear in F 1 samples may be associated \Nith superior performance or efficiency of an 
enzyme system. Heterozygotes may combine alleles for active but unstable enzymes forms \Nith 
those specifying stable but inactive forms thus producing a hybrid enzyme that is both stable and 
active (Pierce and Bre'M>aker, 1973). 

This is not the case for isozymes originating from a symbiotic or endosymbiotic relationship. 
These enzymes were initially adapted to distinct metabolic environments and these differences 

are often maintained in the symbiotic complex. Since these enzymes are so specialized they 
have very little effect on one another and continue to evolve independently of eadl other. Diploid 
and polyploid plants (sudl as fems) exhibit more isozymes of this type than of those produced 
by gene duplication. The difference in the evolutionary fate of eadl type of isozyme is thus a 
reasonable explanation for this disparity. The organelle-specific isozymes are maintained 
because their function cannot easily be replaced by other isozymes in the cell. In contrast, 
isozyme systems generated by duplication or polyploidy \Nill usually degenerate to a single locus 
system. 
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Characterizatial usilg isazyrms 
The use of isozymes for a.Jltivar identification and as tools for unravelling the genetic 

relationships betv.een plant species has been 'Mdely investigated in the last thirty years. 
lsozymes rray be separated by gel electrophoresis, using either starch or polyaaylamide as the 
gelling agent. 

Most analyses of plant isozymes has been canied out on starch gels although 
polyaaylarride is now often used. Starch gels are used in a horizontal apparatus w,ich can be 
kept cold on ice trays. The rraterials are inexpensive and non-toxic and preparation of sarrples 
is very simple. Gels rray also be sliced horizontally allowng for staining of 3-4 enzyme systems 
from a single run. A rrajor disadvantage of starch gels, however, is that starch from different 
sources or different batches may give varying results for both rate of rrigration and resolution. 
There rray also be irrpurities present in some batches w,ich interact 'Mth the enzymes being 
studied (Shaw and Prasad, 1970). Starch frequently lacks darity and this, coniJined 'Mth the 
relatively poor resolution, may make it diffia.Jlt to distinguish between allozymes or isozymes 'Mth 
small rrigrational distance differences (Suurs et al., 1989). 

Polyaaylarride gels are very transparent and give excellent resolution 'Mth sharper bands. 
These gels may be prepared 'Mth various concentrations resulting in different pore sizes, and it 
is possible to have pore size gradients and a discontinuous pH 'Mthin a single gel. The 
disadvantages of using polyaaylamide, however, are its expense and the fad that it is a 
neurotoxin if ingested. These problems are minimized through careful handling of both the 
monomer and polymer of polyaaylarride and by using very thin ( <1 mn) vertical gel slabs. The 
ability of polyaaylamide gels to separate isozymes 'Mth only small differences in migrational 
capacities and thus delineate different a.Jltivars or species outweighs the problems that may be 
ina.Jrred through its use. 

Screening plants for isozyme banding patterns is a non-destructive process w,ich is 
relatively inexpensive and can rapidly screen large nuniJers of plants. Only small amounts of 
plant tissue are needed and this rray be from leaves, roots, flO\Ners, pollen, seeds or callus. 
Plants may also be screened at the seedling stage and undesirable genotypes can be eliminated 
ear1y in the programs, resulting in considerable savings of time and money. 

Some of the applications of isozyme data have been: 1) screening variability in plant 
populations, 2) identifying sexual and sorratic hybrids, 3) reducing the nuniJer of backcross 
generations in a backcrossing program, 4) using isozymes as markers for a breeding program, 
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5) detecting genetic diversity in plant populations (Moore and Collins, 1983) and 6) construction 
of linkage maps for plant chromosomes (Tanksley and Rick, 1980). 

The most frequent use of isozymes in recent years has been for a.Jltivar identification. In 
many instances a.Jltivars rray be morphologically indistinguishable yet have growth traits or 
physiological characteristics 'M'lich rrake each more desirable for certain situations. If the 
zymogram fingerprint is knO\Ml for each a.Jltivar then it becomes a simple matter to ensure that 
the correct one is chosen for the research or breeding program or for sale to growers. 

Suurs et al. (1989) found that by using young growing leaves of Lycopersicon or Solanum 
species dear consistent results could be found for several enzymes using polyaaylamide gels. 
Tanksley and Rick (1980) separated hybrid progeny isozymes of Lycopersicon and Solanum 
parents on starch gels. L esculantum primary bisomics 'Mere used as ferrale parents in crosses 
with Solanum pennellii accession LA716, 'M'lich is homozygous for the variant allele Aps-Z4

• 

T risomic F 1 progeny were selected and one month old seedlings from F 2 seeds of each trisorric 
type YJere assayed for ,Aps-2 genotypes. The authors YJere then able to locate a number of 
isozyrric loci in the linkage rrap of tomato. They found that the distribution of isozyrric genes 
was non-random and that as many as 31 % of enzymic genes characterized may be of a tandemy 
duplicate nature. Now that the map location of these isozymic genes are known they can be 
used as biochemical markers to map other genes - isozymic, morphological, physiological, 
phytopathological, or otherwse. Precise information about the segregation of individual genes, 
provided by isozyme analysis enables us to determine the degree of genetic differentiation 
between taxa, to determine abnormal segregation and to compare recombination rates (Tanksley 
and Rick, 1980). 

In order to utilize wild germplasm as a source of genetic variability for domesticated 
species, it is necessary to elirrinate undesirable wild genes, 'M'lich are incorporated into the 
a.Jltivars along with desirable traits. /::.s diSa.Jssed by Tanksley and Rick ( 1980), isozyrric loci may 

be used as rrarkers of chromosome segments to screen the backcross progeny extensively for 
rerurrent parent isozyme genotypes. If rrultiple locus selection is used, the return to the rerurrent 
parent genotype will be achieved more quickly. Wien the genes to be introgressed are recessive 
or a combination of dorrinant and recessive, F 2 selection coupled with isozyme analysis rray be 
effective. 

Wien tight linkages exist bet'Neen a desirable gene and an isozymic gene, the isozyrric 
gene could be used as a tag. This \MJuld allow for the selection of the desirable trait without 
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direct scoring, w,ich may be diffiOJlt and time consurring. Examples of this application found in 
torrato are the linkage between the add phosphatase loOJS (Aps-1) and the nematode resistance 
ene (Mi) (Rick and Forbes, 1974), the linkage bet\Neen the peroxidase loOJs (Prx-2) and the male 
sterility gene (Ms-10), and the linkage between Pgi-1 and Adh-2 genes and the genetic elements 
for cold tolerance (Vallejos and Tanksley, 1988). 

Primary trisorrics are available in diploid potatoes and have been used to locate several 
genes on chromosomes. Since the comnerdal potato, Solanum tuberosum L., is a tetraploid and 
the diploid Solanum species are often self-incompatible, there are few chromosome markers 
knO'Ml in Solanum. However, because of their co-dorrinant expression, isozyme lad can be used 
as chromosome markers (Quiros and McHale, 1985). Utilization of allelic isozymes as markers 
of lad in dose association wth genes for given traits may facilitate the choice of parents and/or 
the selection of progeny based on isozyme phenotype (Oliver and Martinez-Zapater, 1985). 
Quiros and McHale (1985) presented inheritance data for six isozynic lad, Prx-2, Prx-3, Prx-5, 
Mdh-1, Pgi-1 and Sdh-1. They conducted that Prx-3, Prx-5, Pgi-1 and Sdh-1 can be used as 
genetic rnari<ers for potatoes and its related species. 

The use of isozyme patterns for precise identification of straVvberry OJltivars in patent 
disclosures was reported by Bringhurst et al. (1981). They used three isozyme systems, PGI (see 
Table 2.1 for abbreviations), LAP and PGM to separate and identify 22 stra¼berry OJltivars. Six 
different PGI patterns were revealed wth bMJ being unique to specific OJltivars, another shared 
by bMJ OJltivars and the rest being spread throughout the remaining OJltivars. For PGM, five 
banding patterns were studied wth one being unique to a specific OJltivar. There were four 
different LAP banding patterns wth bMJ unique to specific OJltivars and the remaining bMJ 
distributed among the other OJltivars. Using any t'M) of these enzyme systems enabled the 
unique dassification of at least four OJltivars w,ereas the use of all three systems enabled the 
unique dassification of 12 of the 22 OJltivars, wth each of the others being indistinguishable from 
one other OJltivar. These pairs could possibly be dassified separately if another enzyme system 
VJere inducted. 

Nehra et al. (1991b) also used the same isozymes as markers for stra¼berry OJltivars grow, 
in both tissue OJlture and in the greenhouse. They showed that these isozymes remained stable 
wth the age of the plants as \Nell as in both tissue OJlture and greenhouse gr01Mng conditions. 
They also found five different banding patterns for PGM but none of these VJere the same as 
those found by Bringhurst et al. (1981) and VJere in a different part of the gel. The three PGI 
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Table 2. 1. .Abbreviations used to designate enzymes. 

Enzyme Abbreviation 

.AJdolase ALO 

.Aspartate amino transferase AAT 
Oiaphorase OIAP 
Esterase EST 
Furrarase FUM 
Glucose phosphate dehydrogenase GPO 
Glucose -6-phosphate dehydrogenase G-6-PO 
Hexokinase HK 
lsocitrate dehydrogenase IOH 
I socitrate dehydrogenase ICO 
Leucine arrino peptidase LAP 
Malate dehydrogenase MOH 
Malic enzyme ME 
Peptidase PEP 
Phosphogluco-isornerase PGI 
Phosphogluco-mutase PGM 
Shikimic acid dehydrogenase SOH 
Tetrazolium Oxidase TO 
Triose phosphate isornerase TPI 
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patterns v.ere the same as three of the six identified by Bringhurst et al ( 1981), although again 
they v.ere in different parts of the gel. The chloroplastic PGl isozyme was located at an 
(distance migrated relative to a dye front) of about 0.68 by Nehra et al. but was located at 0.5 by 
Bringhurst et al ( 1981). There was also a great difference between the LAP isozymes reported 
by the tv.o groups. The great variation in isozyme patterns reflects the complex, octaploid nature 
of stra¼t>erry as 'Nell as the huge number of different cultivars available. The changed position 
of the bands in the gel may also be a result of the use of starch gels by Bringhurst et al (1991). 
as corrpared to the polyaaytamide gels used by Nehra et al (1991a, 1991b). 

A study of nudear DNA content and isozyme variation in Fragaria X ananassa callus cultures 
(Nehra et al. 1991b) dem:mstrated that isozyme banding patterns for EST, LAP, PGI and PGM 
did not change wth the polyploid and aneuploid changes that ocaJrred in the aging callus 
cultures. 

Bl strand and Lee ( 1987) highlighted the irrportance of isozyme mar1<ers for cultivar 
identification. Annona cherimola (cherirooya or custard apple) cultivars are frequently 
misidentified since cultivars are characterized primarily by fruit shape and fruit surface 
characteristics. These characteristics may vary considerably from fruit to fruit on the same tree, 
and fruits may not appear on grafted material for up to five years. The authors found that of 17 
loci investigated, 12 averaged 3.1 alleles per polyrrorphic loci in leaves of grafted scion IM)od. 
Arrong the 15 cherirroya cultivars analyzed, no tv.o shared the same multilocus profile. The 
probable parents of the variety 'Bonita' were also identified using this information, and the identity 
of a nislabelled cultivar was established. 

Pascual et al. (1993) used isozymes as genetic rrar1<ers to characterize seven Spanish 
cherirroya cultivars and to corrpare these to the Californian cultivars. They showed that the 
Spanish cultivars were easily separated using combinations of only tv.o enzyme systems, AAT 
and IDH, AAT and TPI or TPI and PGM. TIM) of the cultivars were found to be identical. The 
Spanish cultivars also differed from the rrore diverse Californian cultivars. 

Using seed or seedling tissue, 'Needen (1984) revealed 10 loci ooich were useful in 
distinguishing cultivars of Wlite seeded beans. Of 90 cultivars studied, 52 were unique!y 
identified by their allozyme fingerprint. The remaining 38 could be subdivided into 14 sets, the 
majority of \Mlich consisted of only tv.o cultivars each. These sets may be further subdivided as 
additional loci are screened. Several cultivars were found to possess rare alleles by Wlich they 
could be identified wthout resorting to the entire genotype. These alleles can be used as genetic 
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mar1<ers for crosses involving these lines and as a possible rreans for tracing of partirular traits 

in an F2• 

Nielsen (1980) was able to identify all 35 expected genotypes in tetraploid ryegrass (Lolium 
spp.) segregating for four alleles at a Pgi enzyme locus. This system could thus be used as a 
tool to separate hybrids and self-pollinations in a breeding program of tetraploid ryegrass. The 
varieties could then be distinguished by the differences in allele frequency. 

V\olfe (1976) used isozyme patterns for a number of different enzyme systems to study over 
60 varieties of wne and table grapes. He demonstrated that varieties 'M"lich are rrorphologically 
indistinguishable may be separated by their isozyme patterns for MO or rrore enzyme systems. 
Conversely, hO\Never, he noted that some varieties, that are rrorphologically distinct, 'v\efe not 
separable based on the four enzyme systems used. Obviously, it is important to consider many 
varying factors 'Mien trying to distinguish varieties. 

Three 'M"lite, table grape rultivars and a bud sport of one of them 1Nere separated by 
Schwennesen et al. ( 1982) based solely on the enzyme catechol oxidase. Other enzymes 
examined sho'Ned little or no difference among a.dtivars. 

Loukas et al. (1983) used pollen of grape rultivars to study the inheritance of nine 
polymorphic isozyme systems encoded by 10 loci. Segregation patterns in the F1 progenies of 
crosses made by hand pollination indicated that allozymes belonging to the same enzyme system 
are probably controlled by a single loci. The systems studied 1Nere PEP, GPO, .ALO, PGM, TO, 
ICO, FUM, G-6-PO, and PGI. .Ailalysis of the inheritance of these allozymes sho'Ned a very high 
degree of heterozygosity, consistent wth the hypothesis that these rultivars are hybrids of 
genetically distinct rultivars or individuals. Further exanination of grape isozymes may allow the 
identification of the parental rultivars as 'Nell as provide information on the history of rultivars and 
details of human intervention in the rultivation of grape species. 

Genetic analysis of 11 allozyme polymorphisms was carried out by 'Needen et al. ( 1988) 
on the progeny of "Cayuga Wlite" x "Aurore", MO complex interspecffic grape hybrids. Their \M)rk 
confirmed the single gene inheritance of GPI-C, PGM-C and LAP-1 proposed by Loukas et al. 
(1983) and also extended to 17 the number of polymorphic isozyme loci defined for Vitis. 
Segregation at rrost of the isozyme loci gave sini:>le Mendellian ratios in the progeny exanined, 
wth MOH-2 providing the only exception. 

It has been assumed that wth their relatively high chromosome nurrt>er (2n=38), rrost 
grape species are of polyploid origin (Weeden et al., 1988). Ho1Never, the results of the study 
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by \/Veeden et al. (1988) for AAT-1, AAT-2 and/or AAT-3 did not indicate that locus duplication 
due to polyploidy had occurred. Only h,\o isozyrres of both PGM and PGI, one cytosolic and one 
plastid, were identified, consistent with the expected nurmer of a typical diploid plant. These 
results indicate that if grapes are of polyploid derivation then considerable diploidization and loss 
of duplicate loci expression has occurred. These researchers suggest that the isozyme loci 
studied may be used as rrolecular markers for the developrrent of a linkage map for Vitis as well 
as to tag genes controlling comnercially irrportant characters. 

Torres et al. (1978b, 1982) used isozyrres to study the genetic control of MT, PGI and 
PGM in Otrus and it near relatives. Species relationships in Otrus with its h,\o subgenera, Otrus 
and Papeda, has been difficult to ascertain. Researc.hers have often proposed conflicting 
taxononies for this irrportant econonic a-op. A further problem for breeders has been to 
distinguish asexual nucellar seedlings from zygotic seedlings, and this generally could not be 
ascertained until fruiting begins five or ITX)re years after seedling development. Torres et al. 
(1978b) used isozyme patterns to overcome some of these problems. Using AAT-1, AAT-2, PGI 
and PGM they \/Vere able to identify a unique combination of genotypes for each species. They 
also noted that alrrost all the individual biotypes within a species have the same genotypes. 
Leaves from seedlings only one to tm ITX)nths old produce zymograms identical to those of 
older, fruiting individuals of the same biotype. It is therefore possible to use the isozyrre markers 
to distinguish nucellar seedlings from those of zygotic origin very early in the breeding program. 

Torres et al. (1982) investigated six other gene loci (Mdh-1, Mdh-2, Lap, Hk, ldh and ME) 
of Citrus in a continuation of the oork and confirmed that the cultivars within a species \/Vere 
identical and that rrost of their genotypes were heterozygous. This suggests that each of the 
nine species of cultivated citrus are from a single prototype, several through hybridization, and 
that the cultivars within each species arose non-sexually as sports. 

Working with avocado, Torres (1978a) was able to characterize several cultivars and 
dem:)nstrated that isozyrre analysis will be useful in the study of the evolution and relationship 
of the three avocado races, as well as for cultivar adaptability and rootstock identification. 

Gene dosage effects due to a change in the copy number of the coding genes results in 
alterations of isozyme phenotypes. Thus, in a heterozygous triploid the activity of the allozyme 
from the parent contributing the 2n gamete should be twice as great as that contributed by the 
other parent (Tsaftaris et al., 1981) or that both alleles of a heterozygous parent oould be 
expressed in the triploid. Chyi and Weeden (1984) used this approach to determine \Nhich parent 
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contributed the 2n gamete in the forrration of triploid apple rultivars. Of all the systems analyzed, 
6-PGD was the most informative and the authors conduded that the parent contributing the 2n 
gamete in both the triploid rultivars exarrined was the female. 

Using six enzyme systems, Weeden and Lamb ( 1985) were able to characterize fifty-four 
apple rultivars. Cultivar verification is usually not possible until fruit is produced on trees that 
are several years old. This rray result in considerable loss of time and rroney if an incorrect 
rultivar is sold to gr<J\Ners. Some rrorphological characteristics may be used to distinguish 
seedlings, however, isozyme analysis offers a possible alternative method for rultivar 
identification. Of the six enzyme systems studied ( 6PGD, AAT, IDH, PGI, TPI and DIAP), 6PGD 
and AAT were found to be the rrost useful in disaiminating arrong rultivars. VVithin rultivar 
polyrrorphism did not exist in the isozyme systems investigated but there was considerable 
variation between rultivars. 

Samimy and Currmins (1992) used isozymes of six enzyme systems (ADH, PGI, PGM, 
6PGD, MOH and PER) to distinguish 13 apple rootstocks. PGM and 6PGD together were 
sufficient for complete identification of all the rootstocks. It is essential that the orchardist be able 
to select a true-to-type rootstock rultivar since this is \Mlat 'MIi detennine the relative tree growth 
rate, ultimate size, anchorage, precocity, productivity and response to hazards of the soil 
environment. The identification of rultivars based on isozyme data is time and cost effective as 
corrpared to identification based on rrorphological characters and physiological responses. 

lsozyme polyrrorphisms were used by De Wald et al. (1988) to characterize pineapple 
rultivars. Using PGM and PER, unique identification of 15 of the 27 rultivars exarrined was 
possible, and, in rrost instances the members of a hortirultural group differed in genotype at one 
or rrore of the isozyme loci. Cultivars of common origin were found to have identical banding 
patterns, and the origin of rultivars thought to have originated via mutation was supported or 
refuted on the basis of their isozyme genotypes. 

Using the same five loci for t'v\O enzyme systems, De Wald et al. (1992) were able to 
conduct taxonorric studies of Ananas (pineapple) genus to determine the genetic basis of the 
observed banding patterns. It was found that the isozymes were useful in characterizing and 
dassifying plant introductions as well as Ananas species. Although pineapple is generally 
considered to be self-incorrpatible, these isozyme studies confirmed that the rultivar Cambray 
exhibited self-compatibility, thus sho'Mng that not all domestic pineapple rultivars are obligately 
self-incorrpatible. 
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lsozyme markers have been identified in Salvia columbarlae (Hashemi et al. 1993) in order 

to assist the breeding program of this new oilseed a-op. 
Suiter (1988) used isozymes to investigate the suspected polyploid origin of the diploid 

A genome species of the genus Gossypium. The results he obtained v.ere consistent wth the 
hypothesis w,ich suggests that at least tv.o ploidy arfl)lification events oro.Jrred during the 
evolution of the genus. For rrany morphological rrarkers and wthin the enzyme systems PGM 
and TPI of the allotetraploid AD genome of Gossypium, a loss of duplicate gene expression has 
been observed, indicating a pattern of diploidization. 

Kennedy and Thorfl)son (1991) identified nine enzyrre systems exhibiting polymorphism 
among /pomeae batatas L. (sv.eetpotato) cultivars. They were able to identify each of the nine 
cultivars studied using five of the nine enzyme systems, and proposed that this variability wit 
provide a method for precisely identifying cultivars for patent purposes. 

Reyes and Collins ( 1992) used isozyme analysis to try to detemine the relationship 
between /pomeae batatas and I. trlfida. They conduded that /. trifida may be one of the 
ancestors of I. batatas although other species must also be investigated. 

lsozyme analysis was found to be generally useful for identifying raspberry cultivars 
(Cousineau and Donnelly, 1992) although other techniques such as nini-satellite DNA analysis 
may also be needed to separate isozymically similar cultivars. However, Cousineau et al. (1993) 
suggest that isozyme markers may be useful to accelerate gene introgression from related 
species, as well as for the evaluation of wld populations for genetic variability, the tagging of 
traits, and the development of a linkage map. 

Guayule is a rubber producing shrub that is a potential new industrial a-op for arid and 
seni-arid regions. It is irfl)ortant that a distinction can be rrade in polyploids between progenies 
derived from fertilized eggs and those produced from maternal tissue through the process of 
farultative aponixis. Since only one morphological rrarker (flower color) has been identified, 
biochemical markers and their link to desirable traits need to be established in order to screen 
seedlings. Several enzyme systems have been investigated (Hashem and Estilai, 1992) ooich 
show promise in solving these problems., 

Toe identification of kiwfruit cultivars and dones is possible through morphological 
features of f!O\Ners or fruits (Messina et al., 1991 ). Identification of cultivars before f!O\Nering is 
very important for rrass propagation and to ensure that nix-ups do not Oro.Jr in rranipulating 
plant stocks. They found that MT, PGI and PGM sho\Ned polymorphism among cultivars and 
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this was used to confirm that rultivars present in Europe are composed of different dones, and 
are not always representative of the standard a.Jltivars supposed to have been propagated and 
exported from New Zealand and/or France. 

Beaver and lezzoni (1993) suggest that, based on isozyme studies, sour d1eny, (Prunus 
cerasus L.) ooid1 is a tetraploid (2n=4:x=32), could have arisen from sexual polyploidization via 
an unreduced gamete from sweet d1eny (P. avium L., 2n=2:x=16). They also determined that 
sour d1eny is probably an allotetraploid wth ground d1eny (P. fructicosa Pall.) as the other 
progenitor species. 

As ear1y as 1967, Hart and Bhatia reported d1aracteristic enzyrre patterns for 
Nicotiana species but intraspecific isozyme variation was m.Jd1 less than that between species. 
Torres et al. (1978b) used isozyme polymorphism to demonstrate that ead1 species of Citrus had 
a combination of genotypes that was distinct from all the others ooereas all rultivars wthin a 
species had alrrost no variation. 

Torr,ato species were found to range from alrrost complete rronorrorphy for the tested 
loci, APS, EST.GOT, and PBX (Rick, 1983) to highly polyrrorphic. Interestingly, Lycopersicon 
pimpenellifolium, a corrpletely self-fertile species was polyroorphic at all loci; hOV-Jever regional 
differentiation resulted in fixation of different alleles. L hirsutum was sho'Ml to have w.o 
populations ooid1 were self-compatible and monomorphic as well as a self-incompatible 
population ooid1 had up to 72% polyrrorphy. The authors suggested that in both these instances 
the species were originally highly variable but as they spread variability was reduced. The most 
polymorphic species are L. perwianum and L chiloense ooid1 are both strictly self-incorrpatible. 

In rr,ari<ed contrast, IVcleod et al. (1983) found that the level of polymorphism in 
Capsicum species ranged from only 3.8 to 38.4% wth the domesticated taxa being less 
polymorphic than the wld taxa. However, there was very little variability found between 
populations wthin a taxon. There was also a low level of heterozygosity in all taxa, and this, 
together wth the low levels of polymorphism, are probably the result of the ability of peppers to 
farultatively self-fertilize. 

Diploid, annual species of Mendicago turbinata and M. trunculata shOV-Jed no variation 
among plants wthin ead1 accession ( Quiros, 1983). Mnual Mendicago species are strict selfers, 
ooid1 explains the lack of polymorphism wthin accessions. .AJI the plants were homozygous for 
a fixed allele. There were differences, however, between these species as well as bebNeen M. 
soleirollii and M. tomata (Quiros et al., 1980) and bebNeen M. murex and M. turbinata. 
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Very little genetic variation was found 'Mthin populations of Cucumis melo (Dane, 1983) 

'Mth the proportion of polymorphic loci ranging from Oto 0.27. Similar1y, there was little variability 
in the peroxidase isozyme patterns from many of the other Cucumis species although some 
intraspedfic differences were found in .APS and GOT isozymes. Using peroxidase isozymes, she 
grouped the Cucumis species into four groups 'M1id1 differed from ead1 other Vvtlile species 
'Mthin groups were more sirrilar. Cucurbita species also sho.Ned distinct isoenzyme patterns for 
several enzyrre systems that allow them to be uniquely d1araderized (Dane, 1983). 

M.. this time there is no information available on the enzyme systems in Alstroemeria. In 
fact, as far as can be ascertained, no genetic markers have been developed for either 
..AJstroemeria species or rultivars. ..AJstroemeria species are found throughout a 'Mde range in 
South ,America, mainly in Brazil and Peru. Their habitat ranges from sandy coastal areas to dry 
deserts to high mountains. Ead1 species is partirular1y adapted to its Q\M1 ecological nid1e . 
..AJstroemeria are outaossing plants but there are strong incorrpatibilities between many of the 
species. This suggests that there oould be marked interspecific differences in both morphology 
and biod1emcal markers, 'M'lereas intraspedfically there may be mud1 less variation. 

lsozyme analysis has been utilized by many researchers since 1959 to identify rultivars 
and species, to deterrrine phylogenetic relationships and to estimate genetic distances. Since 
this information is almost rompletely lacking in Alstroemeria species at this time, investigation 
of isozyme polymorphism may provide data necessary for the successful breeding of new 
Alstroemeria rultivars in the United States. 
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Chapter 3 

MATERIALS AND METHODS 

A total of 47 species and cultivars have been examined (Table 3.1). These plants were 
all container grown in a greenhouse under natural daylength with temperatures ranging from 1 O'C 
in winter to 28°C in summer. Leaf samples were collected from young, vegetative shoots using 
the top 3 to 5 fully opened and resupinate leaves. Samples were taken on at least 4 different 
occasions and 3 to 6 electrophoretic runs were made for each enzyme from each collection time. 

There is a great deal of confusion at this time about the identity of many Alstroerneria 
species. Accordingly, the alternate names sometimes used in the literature have been induded 
(Table 3.1). The designation used in this report for each species is the one provided by the 
original source of the plant or seed. lnduded in the species examined were two color forms of 
A. pelegrina, two forms of A. aurantiaca, and specimens of both A. psittacina and A. pu/chel/a. 
The latter two species are considered to be different names for the same species (Hannibal, 
1941; Stinson, 1942; Robinson, 1963). Likewise, A. chilensis is most likely a form of A. ligtu. 
Since A. haemantha crosses easily with other species (Robinson, 1963) it is probable that the 
plants studied were actually hybrids. 
Gel formation 

Polyacrylamide gels 0.8mm thick were formed using a multiple gel pouring stand from Idea 
Scientific to constuct separating gels. This apparatus allowed the preparation of up to 15 
separating gels at a time. Each 10 x 10 cm plate sandwich requires about 6ml of solution to fill 
to the desired height. The stock solutions listed in Tables 3.2 and 3.3 (Wetter and Dyck, 1983) 
were made and stored in the refrigerator except as indicated. A fresh preparation of 28mg 
ammonium persulfate in 20ml of d~O was made each time gels were prepared. 

The gel plates were set up in the multiple gel pouring stand as follows. The stand was 
laid on its back to an almost horizontal position. A spacer was placed on each side of the base 
of the stand to maintain a space between the bottom of the glass plates and the stand. 
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Table 3.1: Abbreviations, source, origin and synonyms 
for alstroemeria species and cultivars 

Species or cultivar Synonym Source Origin Abbrev 

A. angustifolia ssp 
angusifolia 

A. aurantiaca Don -
yellow flower 

A. aurantiaca Don -
orange flower 

Bomarea species 

A. caryophyllae 

A. chilensis Cree 

A. aurea 
A. lutea 

Fred 
Meyer 

Unknown 

Unknown 

Miyake, 
Japan 

Chile 

Chile 

Chile 

Chile 

Dr. G. Pisen Chile 
Utah 

A. ligtu ssp ligtu U.K. Chile 

A. diluta ssp diluta Bayer Fred Mey er,Chile 
California 

A. exserens Meyer 

A. garaventae Bayer 

A. haemantha 
Ruiz and Pavon 

A. hookeri ssp 
hookeri Loddiges 

II 

II 

A. ligtu ssp s1.msii U.K . 

Chile 

Chile 

Chile 

A. pulchra 
A. rosea 

Fred Meyer Chile 

An 

A 

At 

B 

C 

Ch 

D 

E 

G 

H 

Ho 

A. ligtu hybrid Holland Chile Lh 

A. ligtu ssp s1.msii A. pulchella var Fred Meyer Chile Li 
Sprengel pilosa 

A. ligtu 'Miyake 
spotless' 11 Chile Lm 
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Table 3.1: Abbreviations, source, origin and synonyms 
for alstroemeria species and cultivars continued 

species or cultivar synonym Source Origin Abbrev 

Leontochir ovallei 

A. ligtu L. species 

A. magenta Bayer 

A . magnifica ssp 
maxima Philipi 

Miyake 
nursery, 
Japan 

?A. chilensis Chile 

Chile 

Chile 

Fred Meyer Chile 

" Chile 

A. pelegrina L. alba Hortus Bot. Chile 
Gotoburgensis 

A. pelegrina L. rosea Japan Chile 

A. psittacina Lehm 

A. pulchella L. 

A. sierrae 

A. versicolor Ruiz & 
Pavon 

A. pulchella Jardin Alpin- Brazil 
A. braziliensis Commun de 

Meyrin, France 

A. psittacina Univ. Bot Brazil 

A. 

Garden, Dresden, 
Germany 

magnifica ssp Parigo, Chile 
magnifica England 

Wulfinghoff, Chile 
Netherlands 

Lo 

Ls 

M 

Mm 

Pa 

Pr 

Ps 

Pu 

s 

V 
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Table 3.1: Abbreviations, source, origin and synonyms 
for alstroemeria species and cultivars continued 

Cultivar 

'Arizo' 
'Eureka' 
'Carmen' 
'Mona Lisa' 
'Neva' 
'Pink Triumph' 
'Rosita' 
'Orange Beauty' 
'Rosario' 
'Orchid' 
'Appelbloesem' 
'Orego' 
'Regina' 

'Red Surprise' 
'Alnba' 
'King Cardinal' 
'Luciana' 
'Jubilee' 
'Texas' 
'Yellow King' 
'Canaria' 
'Marina' 
'Monika' 

Abbrev 

a 
b 
C 
d 
e 
f 
g 
h 
i 
j 
k 
1 
m 
n 
0 
p 
q 
r 
s 
t 
u 
V 
w 



.:. 

Solutia, 
Numer 

1 
·1om1 

2 

3 

Solutia, 
Numer 

4 

5 

6 

7 
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Taije 3.2: Separatil'YJ Gel I~ 

lrgedents Volune for 12 Gels 
6.3°/c, 5.4% 

. 36.6g Tris, 48ml 1N HCI, made up 10ml 

to 100m with drii0 

30g aaylamde, 0. 7 4g Bis aaylarride, 17m 14ml 
made up to 1 OOm with dHiO 

28m amronium persulfate per 20ml . 40m 40ml 
driiO . 
(Make fresh each time) 

VVater 16ml 16m 

TEMED 20µ1 20µ1 

Table 3.3 Stackil'YJ Gel lrgeclerds 

Volune 
lrvecienls ftx-4.3% 

solution 
m 

5.7g Tris, 0.08ml of TEMED, add enough 0.5 
~P04 to bring to pH of 6.9. Bring to 
100m 'Nith driiO 

10g aaylarride, 2.5g Bisaaylarride made 1.5 
up to 100m with driiO 

4rrg ribovflavin made to 1 OOni dHiO 0.5 
(stable for up to 2 weeks) 

40g sucrose made to 1 OOni 'Nith dHiO 2.0 
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A few drops of water were then placed on the back of the stand and a glass plate (10 x 10cm) 
was placed onto this. The water drops are to prevent any gel from getting in between the gel 
sandwiches or between the last sandwich and the stand. 

Side spacers were placed on either side of the gel plate, extending slightly above the gel 
top. A second glass plate was then placed in position over the spacers but positioned about 2mm 
higher than the first to make sample application easier. A few drops of water were again placed 
on the second glass plate and the next glass plate was placed in position. This is the beginning 
of the next gel sandwich and procedures outlined above were then repeated until the desired 
number of sandwiches were prepared. 

Wien the final sandwich was ready the bottom spacers were removed, water drops were 
put onto the plate surface and a heavy plastic plate was put into position on top of all the 
sandwiches. A large cork and a rubber band were used to hold all of the plates in place. The 
entire apparatus was then sealed by the application of silly putty. The silly putty was rolled into 
a "string" about 30cm long and placed around the inside edge of the pouring frame. It was then 
pushed into place, being careful to seal into the comers extremely well so that no leakage could 
occur. The frame was then placed upright and marked at about 1 cm below the bottom of the 
comb depth to provide a fill mark for pouring the separating gel. 

Ingredients for the separating gel were mixed to make either 6.3% or 5.4% gels (Table 
3.2). The gels were poured immediately and all gas bubbles were removed by gently tipping and 
tapping the apparatus on the bench top. The top of the gels was then covered with primary 
butanol saturated with d~O, and left to polymerize for about one hour. The butanol above the 
polymerized separating gel was then poured off and blotted with "Kim-Wpes". The gel surface 
was then washed a minimum of 20 times with dH:,O, blotting between each wash to remove all 
traces of the butanol. 

At this point the sets of glass plates with the gel in between, can be separated from one 
another using a razor blade and/or can be stored in the refrigerator for up to 2 weeks before use 
inside a "ziploc" bag. 

Wien ready to use, a gel sandwich was removed from the bag and placed into the 
electrophoresis equipment. The sandwich was slipped into the slot of the upper reservoir and 
positioned with the gel top just barely above the slot. Clips were used to attach the gel to each 
side of the holder, being careful to position the clip over the spacer without dislodging it. This 
avoids bending the glass. 
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The upper reservoir was then tipped so that the gel was in a horizontal position and the 
top of the slot was sealed with 1.5% molten agarose, both at the front and the back. The gel 
was then returned to the vertical running position and the sides checked for any other gaps. A 
few drops of agarose were added to close any possible gaps. 

A 4.2% stacking gel was then prepared by mixing 0.5ml of solution 4, 1.5ml of solution 
5, 0.5ml of solution 6 and 2ml of solution 7 (Table 3.3) for each two separating gels. The 
stacking gel solution was then added to the top of the separating gel with a pasteur pipette and 
the comb was inserted. The gel slab was then placed under a fluorescent light source to 
polymerize the stacking gel for approximately 1/2 - 1 hour. The appropriate electrode buffer 
(Table 3.4) was then added to correct levels in both the anode and cathode compartments of the 
electrophoresis cell taking care to remove any trapped bubbles in the lower chamber. The comb 
was then carefully removed and the wells were washed with the buffer, using a Hamilton syringe. 

Extractia, 
The first three to five fully opened and resupinate leaves were collected from young 

vegetative shoots of alstroemeria plants (Table 3.1) for a total of approximately 0.5g. Polytron 
homogenization was performed in an ice bath for 20 to 30 seconds using 1.5ml of extraction 
buffer (Table 3.4) per 0.5g of fresh leaves. 

Two other methods of extraction - manual glass homogenization and mortar and pestle -
were also used and the results compared with polytron homogenization to determine which 

method gave the clearest and most stable results. On the basis of these comparisons, polytron 
homogenization was chosen as the most appropriate method of extraction. 

The homogenate was then centrifuged in a Baxter Scientific Biofuge 17R centrifuge at 
11,068g for 30 minutes at 4°C. The supernatant was divided into 24µ1 aliquots to which 2µ1 of 
bromophenol blue tracking dye was added and then stored at -7D°C for up to 4 weeks until further 
use. 

Eighteen to twenty microliters of sample were loaded into the wells of the polyacrylamide 
gel using a micropipette and special tips that were able to fit within the 0. 78mm wide wells. 
Samples were kept on ice once removed from the freezer, and electrode buffers were ice-cold. 



1. Phosphate solution A (0.2M) 

2. Phosphate solution B (0.2M) 

3. 1. OM Phosphate buffer 

4. Lithium Borate 

5. Tris-glycine 

6. Extraction buffer 
sucrose, 
(wt/vol) 
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Table 3.4: aiffers 

Sodium phosphate rn:mobasic 
NaHiPO4. HiO 
27.8g/L 

Sodium phosphate dibasic 
~HPO4.7HzO 
53.6g/L 

1.6g LiOH.HiO, 11.6g Boric acid 
(anhydrous free acid). Dissolve and 
adjust pH to 8.3. Make to 1 liter. 

6.5g Trizma base, 28.Bg glycine. 
Dissolve and adjust pH 8.3. Make up 
to 1 liter. Dilute 1 : 10 for use as an 
electrode buffer. 

0.2M Tris HCI pH8.5, 1 M 
8rrg/ml OTT, 10% PVP 
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Eltdrophoresis 
Electrophoresis was carried out in an Idea Scientific mini-slab apparatus in a cold room 

at 3±1 °c. A voltage of 150V and current of 20mA was used to stack all the sample to the bottom 
of each well. After 10 minutes the voltage was increased to 400V and 50mA for about 60 to 100 
minutes. Wien the tracking dye had migrated to within 0.5 cm of the bottom of the gel, 
electrophoresis was stopped. 

The gel sandwich was then removed from the apparatus and the glass plates were 
separated. The gel which adheres to one plate, was gently loosened. Disposable vinyl gloves 
were used to handle the gels at all times. The stacking gel was removed and the upper right 
hand comer of the gel was notched. The gel was then slipped into the appropriate stain and 
incubated until bands appeared. The isozyme staining solutions and approximate staining times 
and temperatures are in Table 3.5. 

Wien staining was judged to be complete, the solution was discarded and the gel was 
rinsed 3 times in tap water or once in 10% acetic acid and twice in tap water, with the first rinse 
being treated as hazardous waste. The gels were fixed for 30 minutes in a solution of 20% 
ethanol , 10% glycerol before drying. 

After staining, the ge!s were photographed against a frosted glass light box with a Nikkon 
35mm camera using Kodak Pan Plus X 135 (125 ASA.) Black and Wiite film and the appropriate 
filters. 

Gels were dried overnight on a gel drying frame, between two layers of Ultraclear 
cellophane (Idea Scientific #1080). 

The position of each band on the gel was expressed as a ratio of the distance from the 
top of the gel to the center of the band relative to the distance the dye fromt travelled (Ri) . These 
values provide information about the relative position of bands within and between the lanes. 
Since it is improbable that every gel is prepared exactly the same each time, i.e. slight differences 
in volume measurements, temperature variation, gelling time variation etc., the Ri values are not 
precisely reproducible. The pattern of bands produced for each specimen for each stain, 
however, remain the same each time the electrophorsis is carried out. 

Wierever possible, samples were collected at different times and two or three 
electrophoretic runs were made for each stain. In the case of materials provided as leaf tissue 
sarnoles only, at least 2 runs were made for each stain. 
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Tal:E 3.5: Staining SollmalS ard lmmtial Conditions 

Stail Ingredients rcr 1 oom Gel Electrode Incubation 
{Reference) of solution C9)c a.,trer Cg,ditiaJs 

ESTERASE Fast Blue RR Salt 40rrg 6% Tris-glycine 3C°C 
(.Arulsekar & Dissolve in 40m of in dark 

Pariitt, 1986) DI water for 15-30 
Phosphate solution A 50ml rrinutes 
Phosphate solution 8 1am 
0.1 % a-napthylacetate 2ml 

ASPARTATE Fast Blue BB salt 100rrg 6% Tris-glycine 37°C in dark 
AMINO TR.ANS- Substrate solution 100ml for 30 
FERASE Sybstrate SQlutiQ• minutes 
(NSSL) a-ketoglutaric add 36.Srrg 

L-aspartic add 133mg 
PW-40 500mg 
EDTA SOrrg 
Na2HPO4 1.42g 
DI water 100m 

6-PHOSPHO- 1.0M Tris HCI buffer 10ml 6% Tris-glycine 37°C in 
GLUCONATE pH 8.0 dark for 
DEHYDROGENASE DI water 90ml 30 rrinutes 
(Soltis, et al., 6-phosphogluconic add40rrg 
1983) 1.0M MgCl2 2ml 

NADP 10mg 
MTT 10mg 
PMS 2mg 

LEUCINE AMINO- L-leudne-f)-napthyl arride 6% Lithium 37°C in dark 
PEPTIDASE (free base) 20mg borate for 30 
(Soltis, et al., Dissolve in N'-N-dimethyl minutes 
1983) forrrarride 5ml 

1.0M Phosphate buffer 
pH 6.0 10ml 
DI water 90ml 
Fast Black K salt 50mg 
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Table 3.5: Stainilg Solutions and lncubatioo Cooditioos Cartinued 

Stain Ingredients ftr 100m Gel Electrode 
lrn.imtion 
(Reference) gf solytion Cm; artfer Conditions 

PHOSPHO-GLUCO 1.0M Tris HCI buffer 6% Lithium 37°C in darl< 
MUTASE pH 8.0 10m borate for 30 
(Soltis, et al., DI water 90m minutes 
1983) Glurose-1-phosphate 

disodium salt 50mg 
Glurose-6-phosphate 
dehydrogenase 40unit 
l'JADP 10mg 
MTT 10mg 
PMS 2rrg 

PHOSPHO-GLUCO 1.0M Tris HCI buffer pH 8.0 6% Lithium 37°C in darl< 
MUTASE 10ml borate for 30 
ISOMER.ASE DI water 90ml minutes 
(Soltis, et al., 1.0M MgCl2 1m 
1983) F ructose-6-phosphate, 

disodium salt 30mg 
Glurose-6-phospate 
dehdrogenase 40unit 
l'JADP 10mg 
MTT 20mg 
PMS 2rrg 

M.ALIC ENZYME 1.0M Tris HCI buffer pH 8.0 5% Lithium 37°C in darl< 
(Soltis, et al., 10ml borate for 30 
1983) DI water 80ml minutes 

2.0M DL-malic 
add (add NaOH pellets 
to pH 8.0) 10ml 
1.0M MgCl2 2m 
l'JADP 20mg 
MTT 20mg 
PMS 2rrg 
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Chapter 4 
RESULTS 

Several extraction buffers and extraction techniques were compared to determine the 
optimum method to use with Alstroemeria. Extraction buffers containing 2-mercaptoethanol 
and/or sodium metabisulfite were found to destroy some enzyme systems and so were not 
suitable for use. The best extraction buffer was modified from one developed by Nehra et al 
(1991) and contained 10% PVP as an antioxidant as well as 8mg/ml OTT to prevent tile action 
of the phenolic compounds present in the cells. Since one objective of this study was to provide 
a method by which Alstroemeria species and cultivars may be easily identified, simplicity of 
sample preparation was considered vital. For this reason, it was imperative that a single 
extraction buffer be identified that would allow investigation of several different enzyme systems. 
It is likely that further modification of the extraction buffer may give good results for other enzyme 
systems not induded in this study. 

A comparison of twenty four different preparation methods was made. The tissue was 
ground in the buffer in a mortar and pestle for either 30 seconds or 1.5 minutes; or it was ground 
in a glass homogenizer for either 1 or 4 minutes; or it was ground in a Kinetamatic polytron 
homogenizer (Brinkmann Instruments) for either 15 or 30 seconds. A portion of each sample was 
then centrifuged while the remainder was placed on ice in the refrigerator, to separate solids from 
the supernatant. One half of the supernatant of each of these samples was then frozen at -7CYC 
the other half was kept on ice in the refrigerator. 

Although each of the three grinding techniques resulted in bands at the same positions 
in the gel, there was a marked difference in the quality of the bands produced after staining for 
esterase (Fig.4.1). Samples prepared using mortar and pestle grinding had more oxidation 
occurring which resulted in streaking and blurring of the bands. The most anodal band was often 
difficult to see. Glass homogenization resulted in very distinct bands with no streaking or blurring, 
however, the most anodal band was faint compared to the two more cathodal bands. Following 
polytron homogenization all three bands were clearly visible in the gel with very little streaking or 
blurring. The uncentrifuged samples had more streaking within the gel for both mortar and pestle 
and polytron homogenization preparations. \Mlether the sample had been frozen or was used 



Figure 4.1. Comparison of preparation methods - Esterase stain 

Lanes 1-8: Glass homogenization 

Lanes 9-16: Mortar and pestle 

Lanes 17-24: Polytron homogenization 

Odd numbered lanes were centrifuged 

Even numbered lanes were not centrifuged 

Lanes 1, 2, 5, 6, 9, 10, 13, 14, 17, 18, 21 , 22 - Fresh preparations 

Lanes 3, 4, 7, 8, 11 , 12, 15, 16, 19, 20, 23, 24- Frozen preparations 
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fresh had no effect on the quality of the results, even for samples kept on ice for up to three days. 
The length of the grinding times had little effect on the clarity of results for either glass 
homogenization or mortar and pestle preparation. For the polytron homogenization the longer 
grinding time produced some streaking of the gels, particularly for samples which were kept on 
ice and not frozen. 

Based on these results all samples were prepared with the polytron homogenizer for 20 
seconds, centrifuged at 4°C for 30 minutes at 11,500g, and the supernatant was divided into 
aliquots and frozen at -7D°C until needed. Although it is not necessary to centrifuge the samples 
in order to produce good results, it was found that some preparations were very dense and 
centrifuging was quicker than waiting for the preparations to separate by gravity. 

Fig. 4.1. Comparison of preparation techniques - Esterase stain. 
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If rapid, preliminary results are required, however, the samples could be ground in a glass 
homogenizer or polytron homogenizer and the supernatant loaded directly into the gel. 

A number of different enzyme systems were studied for Alstroemeria species. Some were 
found to give consistent results using the preparations method outlined above while others gave 
inconsistent or no results. There were no usable results for glutamate dehydrogenase, alcohol 
dehydrogenase, malate dehydrogenase, or acid phosphatase despite trying several different 
staining solutions and techniques. It is probable that good results might be obtainable for these 
enzymes if a different extraction technique were used. Since part of the objectives for this study 
was to find a simple, easy method for species identification, identifying several additional 
extraction procedures for individual enzyme systems was inappropriate. 

Inconsistent results were obtained for leucine amino peptidase and peroxidase. In both 
cases clear results were obtained from samples collected in January and February of 1993 but 
at other times only indistinct or no bands could be identified. This would suggest that there may 
be a strong time of year or growth stage effect on the expression of these enzymes. 

The enzyme systems which exhibited clear results at all times throughout the year were 
aspartate aminotransferase (MD, esterase (ESD, malic enzyme (ME), 6-phosphogluconate 
dehydrogenase (6-PGD), phosphogluco-mutase (PGM) and phosphogluco-isomerase (PGI). 
There were some instances, most notably with AA T and EST systems, when extra faint bands 
were sometimes seen. Only those bands which were present consistently throughout the year 
were included in the analysis and characterization of each species and cultivar. 

SPECIES 
There were a number of species for which more than one individual plant were available 

for analysis. Due to problems in the greenhouse in previous years some of the plants may have 
been divisions of a single plant whereas others originated from quite different sources. For all 
species, except A versicolor, no variation was found in the isozyme banding patterns for the 
seven enzyme systems studied among the various plants of a single species. Since A versicolor 
has been shown to have a highly polymorphic chromosome karyotype (Tsuchiya and Hang, 1989) 
the variation in isozymes present within each plant was not unexpected. 

Gels were subjected to electrophoresis and stained for each enzyme system a minimum 
of six times, with some enzymes being examined up to 14 times. The first twelve species and 
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hybrids listed on each diagrammatic representation were induded in all of the electrophoretic 
runs. The next twelve species and hybrids became available at later dates and were tested from 
two to four times for each enzyme system. 

Phosphogluco-mutase (Fig.4.2) 

There were two distinct zones of activity for this enzyme, one around the Rf value of about 
Rf 0.64 and second at the Rf value of 0.80. Either one or two bands were found in each zone 
for all the species studied. The same banding pattern was found for both color variants of A. 

aurantiaca with two cathodal bands at Rf 0.64 and 0.66 and two anodal bands at Rf 0.76 and 
0.80. Similarly both color variants of A. pelegrina had only a single isozyme band at Rf 0.64. A. 
ligtu sp., A. chilensis, A. garaventae, A. diluta ssp diluta, A. ligtu 'miyake spotless',A. haokeri ssp 
haokeri, and A. ligtu simsii all had the same two isozyme band locations at Rf 0.64 and 0.79. A. 
angustifolia ssp angustifolia and A. magenta had the same isozyme banding patterns, as did A. 
haemantha and A exserens. The other nine alstroemeria species and hybrids as well as 
Leontochir ova/lei and Bomarea sp. all had unique isozyme banding patterns. The six plants of 
A. versicolor exhibited some slight variability in the position of the two anodal bands , with some 
plants having only a single band at Rf 0.71 but not at Rf 0.80. 

Phosphogluco-isomerase (Fig.4.3) 

Gels stained for PGI have two distinct zones of banding, one between Rf 0.58 and 0.70 
and the other between Rf 0.30 and 0.52. Three different allozymes are present in the more 
anodal region of the gel , with one of these allozymes being present for each of the 22 species, 
color variants or hybrids. A fourth allozyme, at Rf 0.58, was present only in A angustifolia ssp 
angustifolia and Leontochir ova/lei. A much higher level of variability was found in the cathodal 
series of allozymes. There may be from two up to six allozymes for each of the alstroemeria 
species, color variants and hybrids. The bands in this region of the gel are possibly due to the 
activity of two different isozymes, one around Rf 0.40 and the second at about Rf 0.49. The 
most cathodal isozyme had three different alleles, with each species or hybrid having either one 
or two alleles. The isozyme centered at Rf 0.49 had seven alleles with each species or hybrid 



Figure 4.2a. Phosphogluco-mutase - species preparations 

From left to right: Ps*, Ps, H, H, H, C, A At, Ch, Lh, Ls, Ls, Ps, Pa, Pr 

Ls, U, Mm, Lm, E, A Ho, M, An, D, G, Ls 

Ls, V, V, V, V, V, V, Pu, Pu, Pu, Ps, Lo, Lo, B, Ls 

* Abbreviations from Table 2.1 
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Fig. 4.2a. Separation of PGM isozymes 
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PGM 
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0.5 

Lh Ls Ps A At P u H C Pa Pr Ch Lo C D An M Ho E Lm!vf m Li B V• S 

"' So m e variability was fo un d m thi s species 

Fig4.2b. Diagrammatic representation of PGM isozymes 



Figure 4.3a. Phosphoglucerisomerase - species preparations 

From left to right: P"', Ps, H, H, H, C, A At, At, Ch, U,, U,, U,, Ls, Ls, Ps, Pa, Pr, Lo 

AV, V, V, V, V, V, Pu, Pu, Pu, Ps, Lo, Lo, B, Ls 

S, S, Pa, Pr, Pr, Li, Mm, Lm, E, Ps, Ho, M, kl, D, G, Ls 

*Abbreviations from Table 2.1. 
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Fig.4.3a. Separation of PGI isozymes. 
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PGI 
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Lh Ls Ps A Al Pu I ! C Pr Pa Ch Lo G D An M !-:o F: Lm~1m Li S B V 

*Var iable bands found only in so me indiv idua ls 

Fig 4.3b. Diagrammatic representation of PGI isozymes 
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having from one to four alleles. A. versicolor showed some variability in the most cathodal of 

the allozymes. with bands being located at Rf 0.30 and 0.36 in some individuals. in addition to 

the more typical band at Rf 0.38. Leontochir ova/lei had a unique type of isozyme banding 

pattern with only a single band in the cathodal zone at Rf 0.44 and a single band in the anodal 
zone at Rf 0.58. Bomarea sp. had only three bands altogether, at Rf 0.45. 0.52 and 0.64. A. 
psittacina and A. pulchella had the same isozyme banding pattern, as did the two color forms 
or A. pelegrina. A. garaventae and A diluta ssp diluta also had the same pattern of four bands. 

The other 18 species and hybrids had unique banding patterns with this enzyme. 

6-Phosphogluconate dehydrogenase (Fig.4.4) 

There were two main areas of banding within the gel after staining for this enzyme. These 

areas were relatively close together at about Rf 0.50 and 0.47. A. ligtu hyb, A. ligtu sp., A. 
pelegrina alba and rosea. and A. chilensis all had the same pattern with two bands at Rf 0.50 and 

0.47. A. psittacina and A. pu/chella had the same patterns with bands at Rf 0.49, 0.52 and 0.54, 
but no bands in the region of Rf 0.47. The two color variants of A. aurantiaca had quite different 
patterns, with only four bands in the yellow-flowered variant, and five widely spaced bands in the 
orange-flowered variant. A. haemantha hyb. had three isozymes at Rf 0.50, 0.49 and 0.47. A. 
caryophyllae hyb. also had two bands at Rf 0.50 and 0.49 but had no band at Rf 0.47. A. 
garaventae, A. angustifolia ssp angustifolia, A. exserens, A. ligtu 'Miyake spotless', and A. ligtu 

ssp simsii had the same pattern with two bands at Rf 0.46 and 0.50. A. diluta ssp diluta also had 

these same twobands and a further two bands at Rf 0.53 and 0.55. A. hookeri ssp hookeri had 
three bands at Rf 0.50, 0.48 and 0.46 while A. magenta also had bands at Rf 0.50 and 0.46 with 
two further bands in between at Rf 0.47 and 0.49. A. magnifica ssp maxima had three bands 
each in both the cathodal and the anodal region of the gel. This species thus had a very distinct 
pattern. One of the cathodal bands, Rf 0.44, and the common anodal band, Rf 0.50, was also 

found in A. sierrae which had one other band at Rf 0.47. A. versicolor had three bands at Rf 
0.46, 0.48 and 0.50, the same pattern as seen for A. hookeri ssp hookeri. The related genus 
Bomarea had bands at Rf 0.45 and 0.53, as well as the common band at Rf 0.50. Leontochir 
ova/lei had a pattern of four bands, three of which, Rf 0.48, 0.51 and 0.54 may be seen in some 
alstroemeria species. The fourth band was located at Rf 0.56. Ten species, hybrids or color 



Figure 4.4a. Phosphogluconate dehdrogenase - species preparations 

From left to right: Lh*, Lh, Ls, Ls, Ps, Pa, Pr, Lo 

Ps, Ps, Pu, Pu, At, H, H, C, A At, At, Ch 

Pr.AV, V,V, V, V,V, Pu, Pu, Pu, Ps, Lo, Lo, B, Pr 

S, S, Pa, Pr, Pr, Li, Mm, Lm, E, A Ho, M, An D, G, Ps 

*Abbreviations from Table 2.1 . 
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Fig.4.4a. Separation of 6-PGD isozymes. 
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Fig. 4.4b. Diagrammatic representation of 6-PGD isozymes. 
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variants could be uniquely characterized using 6-PGO. A. psittacina and A. pulchella could also 
be separated from the other species based on their isozyme pattern for this enzyme system. Five 
species. hybrids and color variants shared a single pattern, two species shared another pattern. 
and the remaining five species shared another distinct pattern. A common band at Rf 0.50 was 
found in all species and hybrids except A.psittacina and A. pulchella. 

Aspartate amino transferase (Fig.4.5) 

The banding pattern for AA T includes up to seven allozymes per species. A. chi/ensis and 
A. ligtu spp. had the same pattern of four bands at Rf 0.47, 0.52, 0.55 and 0.57. A. ligtu hyb. 

had a different pattern from A. ligtu sp., sharing only three bands at Rf 0.47, 0.52 and 0.55. The 
remaining three bands were located at Rf 0.45, 0.58 and 0.60, although the latter band was 

sometimes indistinct. 
A. psittacina and A. pulchella had the same pattern of five bands, along with A. 

caryophyllae hyb. The two color variants of A. aurantiaca also had a similar pattern of six bands 
but in this instance the fifth band position was slightly different, the yellow form with a band at Rf 
0.59 and the orange form with a band at Rf 0.57. Both color variants of A. pelegrina had the 
same pattern of four bands. A. haemantha hyb had bands at Rf 0.43, 0.52, 0.57, 0.59, and 0.61 . 
Three common allozyme bands were found in A. garaventae, A. hookeri ssp hookeri, A. exserens, 

A. /igtu 'Miyake spotless', A. magnifica ssp maxima and A. ligtu ssp simsii at Rf 0.52, 0.55 and 
0.58. A. garaventae also had four other bands, two cathodal and two anodal to the common 
three bands. The other five species and hybrids had between one and four other bands which 
were all cathodal to the common group of bands. A. hookeri ssp hookeri and A. ligtu simsii had 
the same banding pattern with a total of six bands. A. magenta had a total of only three bands 
at Rf 0.58, 0.52 and 0.49. A. diluta ssp diluta also had two of the most common bands at Rf 
0.58 and 0.55, as well as bands at Rf 0.49, 0.43, 0.41 and 0.37, similar to the pattern seen for 
A. exserens, which also had a band at Rf 0.52. A. versicolor and A. sierrae also had bands 
at Rf 0.58 and 0.55, A. versicolorwith one other band at Rf 0.46 and A. sierrae with two other 
bands at Rf 0.49 and 0.44. A. angustifolia ssp angustifolia had only one of the common bands 
at Rf 0.55 as well as two other bands at Rf 0.47 and 0.41. Bomarea sp and Leontochir ova/lei 

were easily distinguished from the alstroemeria species and hybrids. L. ova/lei had only three 



Figure 4.5a. Aspartate aminotransferase - species preparations 

From left to right: H*, Lh, Hs, At, A C, Ps, Lo, Pa 

Pr, A V, V, V, V, V, V, Pu, Pu, Pu, Ps, Lo, Lo, B, A 

S, S, Pa, Pr, Pr, U, Mm, Lm, E, Ls, Ho, M, An, D, G, A 

* Abbreviations from Table 2.1 . 
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Fig.4.5a. Separation of AA T isozymes. 
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bands, one anodal band at Rf 0.74 and mo cathodal bands at Rf 0.40 and 0.43, the latter band 

sometimes very faint. Bomarea sp had a band at Rf 0.43 which was close to bands identified in 
alstroemeria species but the other five bands were located from Rf 0.64 to 0.76, outside the 
region of the gel in which most alstroemeria isozymes were located. 

'.=ifteen species and hybrids including the mo color forms of A. aurantiaca could be 
uniqueiy characterized using this enzyme system. The mo color variants of A. pelegrina had the 
same isozyme banding pattern, as did A. hookeri and A. ligtu ssp simsii, A. chilensis and A. /igtu 
spp, and A. psittacina, A. pulchella and A. caryophyllae hyb. 

Malic Enzyme (Fig.4.6) 

There were mo distinct areas of banding for this enzyme system. A cathodal region at 
about Rf 0.40 and an anodal region around Rf 0.52. The number of bands in each species varied 
from two to five. A. /igtu spp, A. ligtu hyb, the orange-flowered A. aurantiaca, A. angustifolia ssp 
angustifolia, A. diluta ssp diluta and A. ligtu · Miyake spotless' all had the same two bands, at 
Rf 0.42 and 0.52. The yellow-flowered variant of A. aurantiaca also had these two bands as well 
as three more cathodal bands at Rf 0.38, 0.40 and 0.41. A. psittacina and A. pulchella had the 
same pattern of mo bands at Rf 0.42 and 0.50, while A. pelegrina rosea, A. pelegrina alba and 
A. exserens each had bands at Rf 0.36 and 0.54. A. haemantha hyb had a simple pattern of 
mo bands at Rf 0.40 and 0.52 and A. chilensis had mo bands at 0.42 and 0.54. A. caryophyllae 
hyb was more complex, with one band at Rf 0.38 and four bands in the anodal region of the gel 
from Rf 0.48 to 0.54. A. caryophy//ae was the only specimen to have more than one band in the 
anodal portion of the gel. A. magenta had a band at Rf 0.52 with a second band at Rf 0.36. A. 
ligtu ssp simsii had t,.,t,o cathodal bands at Rf 0. 40 and 0. 42 and a single anodal band at 0. 54. 
A. garaventae also had a total of three bands, a single anodal band at Rf 0.54 and mo cathodal 
bands at Rf 0.39 and 0.40. A. hookeri ssp hookeri was interesting since it not only had bands 
at Rf 0.54 and 0.42, as found in many other species, but also had a median isozyme band at 
Rf 0.47. This band was also faintly visible in A. diluta ssp diluta, A. angustifolia ssp angustifolia, 
A. /igtu 'Miyake spotless', and A. ligtu simsii but was not included in the diagrammatic 
representation due to its faint appearance. 



Figure 4.6a. Malic enzyme - species preparations 

From left to right: Pu*, Lh, C. AT, A Ps, Pa, H, Ch, Ls 

Pr, AV, V, V, V, V, Pu, Pu, Ps, Lo, Lo; B, Pr 

S, Pa, Pr, Pr, Li , Mm, Lm, E, LS, Ho, M, An, D, G, A 

*Abbreviations from Table 2.1. 
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Fig.4.6a. Separation of ME isozymes. 
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A. magnifica ssp maxima had three bands, two cathodal at Rf 0.39 and 0.42 and one 

anodal at 0.52. A. sierrae had two bands at Rf 0.37 and 0.52. A. versicolorwas variable for this 
enzyme system. It had only two bands present for each plant studied but these were at either 
Rf 0.40 or 0.41 and 0.51 or 0.52. with the most common combination being Rf 0.40 and 0.52 ( 
four of the six plants studied). Leontochir ova/lei and Bomarea spp each had a strong anodal 
band at 0.54. The position of the cathodal bands in L. ova/lei was difficult to determine but those 
for Bomarea sp were at Rf 0.37 and 0.42. There were six species and hybrids which had the 
same isozyme banding pattern. A. pelegrina rosea. A. pelegrina alba and A exserens all had 
the same pattern which was different from all other species studied. The remaining examples 
each had a unique identification pattern. 

Esterase (Fig.4.7) 

Up to seven isozyme bands were found for each species or hybrid stained for esterase, 
with the minimum number of bands being three. A. ligtu hyb and A. ligtu spp differed only in the 
presence of an extra band at Rf 0.73 in A. ligtu hyb. The other five bands ranged from Rf 0.69 
to 0.88. A. psittacina and A. pulchella had the same isozyme pattern, as did A. pelegrina rosea 
and A. pelegrina alba. A aurantiaca had considerable differences between the yellow and the 
orange flowered variants. Both had three anodal bands at Rf 0.79, 0.84 and 0.87, however, the 
orange-flowered form also had three cathodal bands at Rf 0.69, 0.73 and 0.79. A. haemantha 
hyb had six bands between Rf 0.69 and 0.90. A. caryophyllae hyb had only four bands which 
were very distinctly separated into two groups, with two bands in the anodal region at Rf 0.84 
and 0.87 and two bands in the cathodal region at Rf 0.69 and 0.74. A. chilensis had six isozyme 
bands between Rf 0.74 and 0.90, three of which were also found in A. ligtu sp and A ligtu hyb. 

A. garaventae had a very similar pattern to A. pelegrina except that it had no band at Rf 0.88. 
A. di/uta ssp di/uta had only four isozyme bands in the central portion of the zone, at Rf 0.74, 
0.77, 0.79 and 0.84. A. angustifolia ssp angustifolia also had two of these bands at Rf 0.77 and 
0.79, as well as an anodal band at 0.90. 

A. magenta had five bands from Rf 0.73 to 0.84 while the five bands of A. hoakeri were 
found between Rf 0.77 and 0.90. A. exserens and A. magnifica ssp maxima had the greatest 
number of isozymes with seven bands each. Bands for both species were between Rf 0.68 and 



Figure 4.7a. Esterase stain - species preparations 

From left to right: Pu*, Lh, C, At, A Ps, Pa, H, Ch, Ls 

A V,V, V, V, V, V, Pu, Pu, Ps, Lo, Lo, B, Ps, S, S, Pa, Pr 
Pr, Li, Mm, E, A Ho, M, An, D, G, Ls 

* Abbreviations from Table 2.1. 
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Fig.4.7a. Separation of EST isozymes. 
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0.87. Six of these were common to both species, -.vith A. exserens having a seventh band at 
Rf 0.83, while A. magnifica ssp maxima had a band at Rf 0.73. A. ligtu simsii also had the six 
bands from Rf 0.68 to 0.87 common to the former two species. A. ligtu 'Miyake spotless' had a 
total of five bands at Rf 0.68, 0.74, 0.81 , 0.84, and 0.90. A. sierrae had an isozyme pattern of 
four bands similar to A. diluta ssp di/uta, at Rf 0.74, 0.77, 0.79, and 0.84, except that A. sierrae 
also had a fifth band at Rf 0.81 . A. versicolor again showed great variability in the banding 
patterns of the six plants studied. One showed bands at only Rf 0.79, 0.81 and 0.84, three 
showed these three bands plus two other bands at Rf 0.75 and 0.76, and the other two plants 
had the three most anodal bands plus two groups of two bands each at Rf 0.66 and 0.67, and 
0.60 and 0.62. L ova/lei had the most cathodal band of any species studied, with a band at Rf 
0.57. The other two bands identified for Leontochir at Rf 0.81 and 0.84 were common to many 
other species examined. Bomarea sp had bands at Rf 0.79, 0.81 and 0.84, which were also 
common to many other species. 

Esterase staining was more easily affected by environmental factors than the other 
enzyme systems used. Faint bands were sometimes seen in some species and at other times 
bands were missing altogether. Consequently, only the most consistent and strongest bands 
were included in the results. Streaking was also a problem more often with esterase, depending 
on the species being investigated and to some extent the time of year . . Attempts were made to 
change the extraction procedure to try to eliminate these problems but this generally led to the 
loss of some of the bands. Streaking was also a major problem when using PGI but again no 
other extraction procedure was found that could eliminate this problem without also eliminating 
all of the enzyme activity. 

Leucine amino peptidase (Fig.4.7) 
The final enzyme system which was found to be useful in distinguishing the various 

species was LA.P. Unfortunately, February was the only month during which well stained bands 
could be identified. A. /igtu spp, A. ligtu hyb and A. chilensis had the same two isozyme bar.ds 
at 0.51 and 0.53. A. psittacina and A. pulchella each had the same isozyme pattern with bands 
at Rf 0.54 and 0.55. Four bands were common to both A. haemantha hyb and A. caryophyllae 
hyb at Rf 0.47, 0.49, 0.54 and 0.55. The two cathodal bands were also common to A. pelegrina 
alba. A. pelegrina rosea was not available for analysis with this enzyme. The two color variants 
of A. aurantiaca haq very different isozyme patterns for LA.P. The orange-flowered variant 



Figure 4.8a. Leucine amino peptidase - species preparations 

From left to right: Pu*, Lh, C, At, A Ps, Pa, H, Ch, Ls 

* Abbreviations from Table 2.1 . 
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had only a single band at Rf 0.51 , whereas the yellow- flowered variant had this band as well 

as three others at Rf 0.49, 0.53 and 0.54. L ovallei had only a single band at Rf 0.54. 

Not all species and hybrids were available for testing with this enzyme system at the 

critical time. They were examined as they became available but no usable results could be 

obtained. 

CULTIVARS 

From five to seven electrophoretic runs were made for all cultivars for each enzyme 

system being investigated. These experiments were run from March, 1993 until May, 1994. 

Phospho-gluco mutase (Fig.4.9) 

There are two distinct zones of activity for this enzyme at around Rf 0.64 and 0.80. 

Generally two bands are found in each zone for each cultivar but occasionally only a single band 

was found in one or both zones. Of the 23 cultivars examined 16 could be identified uniquely 

using this enzyme. The Alstroemeria cultivars · Arizo', ·Eureka', ·Carmen', · Mona Lisa', ·Luciana', 

' Jubilee', and 'Marina' all had the same two cathodal bands at 0.59 and 0.64. 'Ariza', 'Marina', 

and 'Jubilee' also had identical anodal bands at Rf 0.80, while 'Carmen' and 'Mona Lisa' had the 

same two anodal bands at Rf 0.78 and 0.80. 'Eureka' had a single anodal band at Rf 0.79 while 

' Luciana' had two anodal bands at Rf 0.77 and 0.80. ' Neva' and 'Yellow King' both had cathodal 

bands at Rf 0.60 and 0.64 but 'Neva' had two anodal bands at Rf 0.79 and 0.80, whereas 'Yellow 

King' had bands at Rf 0.76 and 0.80. ·canaria' had one anodal band at 0.80 with two cathodal 

bands at Rf 0.62 and 0.66. 

' Regina', ·orchid', and 'Pink Triumph' also had bands at Rf 0.62 and 0.66. ·orchid' had 

a single anodal band at Rf 0.78 and ' Pink Triumph' had two anodal bands at Rf 0.79 and 0.80. 

· Regina' was the only cultivar in which an anodal isozyme band was not observed. · Rosita' and 

· Rosario' each had a single cathodal band at Rf 0.62, · Rosita' also had two anodal bands at Rf 

0.78 and 0.80 and ' Rosario' had only a single anodal band at Rf 0.80. 

· Orange Beauty' , 'Appelbloesem', · ,AJnba', ·Jubilee', and· Monika' were the other cultivars 

with a single anodal band at Rf 0.80 but they could all be distinguished by the positions of their 

cathodal bands. ·orego' and 'Red Surprise' each had a single anodal band at Rf 0.78 while 



Figure 4.9a. Phosphoglucomutase - cultivars 

From left to right: Red surprise, Regina, Orego, Orchid, Rosario, Orange 
Beauty, Rosita, Pink Triumph, Neva, Mona Usa, Monika, A ligtu 'Miyake 
Spotless', Carmen, Eureka, Ariza, AJnba, Appelbloesem, Luciana, Marina, 
King Cardinal, Texas, Yellow King, Canaria, Jubilee 



55 

PGM 
0.9 

+ 

0.8 - ------- - ---------- --- -- - - - - -- -
0 .7 

-Rf - - - - ----- - -- - -- ------ - -- -
0 .6 - ------ - - -- ---
0.5 

0. 4 L---- ------------------------ --~ 
abcdefghi jklmnopqrstuvw 

Fig.4.9a. Separation of PGM isozymes of cultivars. b. Diagrammatic representation 



56 

'Red Surprise' had two cathodal bands at Rf 0.59 and 0.62, and Orego had a single 
cathodal band at Rf 0.63. 'Texas' had only a single cathodal band at 0.60 and two anodal bands 

at Rf o.n and 0.80 whereas 'King Cardinal' had a symmetric series of four bands at Rf 0.58, 
0.62, 0.76 and 0.80. 

Eighteen cultivars could be uniquely identified using this enzyme system. Three 
cultivars had an identical pattern and two other cultivars also had the same pattern as one 
another. 

Phospho-gluco isomerase (Fig.4.10) 

All of the anodal bands found for these 23 cultivars were at Rf 0.64, 0.65 or 0.66. Each 
cultivar had only a single anodal band. The arrangement of bands in the cathodal region was 
more complex, usually with two or three bands for each cultivar, although 'Appelbloesem' had four 
isozyme bands in this region. Eighteen of the 23 cultivars had an isozyme band at Rf 0.49, the 
common band found in all the alstroemeria species except A. versicolor. Of these 18 cultivars, 
14 also had a band at Rf 0.40. 'Neva' and 'Pink Triumph' had identical banding patterns with 
isozyme bands at Rf 0.32, 0.40, 0.49 and 0.65. ' ft.lizo' had a very similar pattern but did not have 
a band at Rf 0.32. 'l\t1ona Lisa' also had a similar pattern with bands at Rf 0.32, 0.49 and 0.65. 
However, the fourth band was at Rf 0.42 and not at 0.40. 'Alnba' and 'Texas' also had identical 
patterns with bands at Rf 0.40, 0.49 and 0.66. ' King Cardinal' , ' Luciana', and ' Jubilee' all had 
bands at Rf 0.40, 0.49 and 0.64. 

· Orego', · Regina' and · Marina' had the same isozyme patterns with four bands at Rf 0.40, 
0.46, 0.49 and 0.65. 'Appelbloesem' and 'Yellow King' had very similar patterns with bands at 
Rf 0.40. 0.46, 0.49 and 0.64, however, 'Appelbloesem' also had a fifth band at Rf 0.38 . .. Eureka' 
and 'Carmen' both had bands at Rf 0.64 and 0.45 but the third band for 'Eureka' was at Rf 0.40 
whereas the third band for 'Carmen' was at Rf 0.49. 

'Rosita', ·orange Beauty', 'Rosario', and ·orchid' all had a band at Rf 0.65 but were all 
missing the commonly observed band at Rf 0.49. 'Rosita' and 'Rosario' both had bands at Rf 
0.40 and 0.42 and 'Rosario' also had a fourth band at Rf 0.32. Orange Beauty' and ·orchid' both 
had a band at Rf 0.45 with the third band for ·orange Beauty' being at Rf 0.40 and that for 
· Orchid' at Rf 0.42. 



Figure 4.1 Oa. Phophoglucoisomerase - cultivars 

From left to right: Monika, Marina, Canaria, Yellow King, Texas, Jubilee, 
Luciana, King Cardinal, AJnba, Red Surprise, Rosario, A chi/ensis, Orego, 
Appelbloesem, Orchid, Rosario, Orange Beauty, Rosita, Pink Triumph, Neva, 
Mona Usa, Carmen, Eureka, Ariza 
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· Red Surprise' and · Canaria' had exactly the same isozyme banding pattern with bands 
at Rf 0.42, 0.48, 0.49 and 0.65. 'Monika' also had bands at Rf 0.49 and 0.65 but the other two 
bands for this cultivar were at Rf 0.38 and 0.40. 

Eleven of the cultivars had unique banding patterns for this enzyme system. There were 
five other patterns, two of which were common to three cultivars each, and three of which were 
common to two cultivars. 

6-Phosphogluconate dehydrogenase (Fig.4.11) 

All cultivars except · Eureka' had a clear band at Rf 0.50, the most common band observed 
in the species studied. There were from two to six bands for each cultivar, generally found 
between Rf 0.40 and 0.54. 'Marina' and ·eanaria' also had a band at Rf 0.39. Occasionally, faint 
bands were observed in the cathodal part of the stained zone of the gel, particularly for · Carmen' 
but these were not included in this analysis due to their inconsistent nature. 

· Rosita' and · Rosario' had the same banding pattern at Rf 0.47 and 0.50. · Pink Triumph' 
and 'Monika' also had these same two bands as well as a third band at Rf 0.51. 'Carmen' had 
the same three bands as the latter two cultivars, as well as a band at Rf 0.54, the most anodal 
band observed in the cultivars examined. 'Mona Usa' also had isozyme bands at Rf 0.50 and 
0.51 as did 'Alnba', which also had a third band at Rf 0.49. 

'Ariza' had only two bands at Rf 0.49 and 0.50. 'King Cardinal' and 'Jubilee' had identical 
bands at Rf 0.49, 0.50 and 0.52. Three cultivars, 'Neva', 'Luciana', and 'Texas' had only a 
single band at Rf 0.50. 'Regina' and ·orange Beauty' had a very similar pattern of five isozyme 
bands. Four of these bands, Rf 0.41, 0.43, 0.47, and Rf 0.50 were identical, however 'Regina' 
had a fifth band at Rf 0.45 whereas ·orange Beauty' had its fifth band at Rf 0.46. 'Red Surprise' 
had four bands in common with · Orange Beauty' at Rf 0.41 , 0.43, 0.46 and 0.50. The fifth band 
for · Red Surprise' was at Rf 0.49. 

'Eureka' had three bands at Rf 0.45, 0.47, and 0.49. ·orchid' also had three bands at Rf 
0.46, 0.50, and 0.53. Two of these bands, Rf 0.50 and 0.53, were observed in 'Appelbloesem' 
and ·canaria'. 'Appelbloesem' also had two other bands at Rf 0.44 and 0.47 and ·eanaria' had 
only one other band at Rf 0.45. ·orego' had three bands identical to 'Appelbloesem' at Rf 0.44, 



Figure 4.11 a. 6-Phosphogluconate dehydrogenase - cultivars 

From left to right: A pelegrina, Bomarea Red Surprise, Regina, Orego, 
Orchid, Rosario, Orange Beauty, Rosita, Pink Triumph, Neva, Mona Lisa, 
Monika, A pelegrina, Carmen, Eureka, Ariza, Alnba, Appelbloesem, Luciana, 
Marina, King Cardinal, Texas, Yellow King, Canaria, Jubilee 
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0.47, and 0.50 but also had bands at Rf 0.41 and 0.51 . 'Marina' was the fourth cultivar which haa 
series of five isozyme bands. These were at Rf 0.39, 0.42, 0.45, 0.47, and 0.50. 'Yellow King' 
had these five isozyme bands plus a sixth band at Rf 0.51 . 

There were sixteen cultivars that could be identified by their unique isozyme banding 
patterns for this enzyme. Three other patterns were common to either 2 or 3 of the cultivars. 

Aspartate aminotransferase (Fig.4.12) 

A common band at Rf 0.55 was identified for all cultivars except 'Neva'. A second band 
at Rf 0.57 was identified in 16 of the 23 cultivars. Identical banding patterns were observed in 
'Ariza' and ' Eureka' with bands at Rf 0.55, 0.56, and 0.58. 'Appelbloesem' and 'Orego' had the 
same pattern of five bands at Rf 0.48, 0.52, 0.55, 0.57, and 0.59. 'Carmen' and 'Pink Triumph' 
also had the same pattern of three bands at Rf 0.55, 0.57, and 0.59. 'Mona Usa' had the same 
three bands along with a fourth isozyme band Rf 0.56. lsozyme bands at Rf 0.55 and 0.56 were 
identified in ·Rosita' , · Orange Beauty'. and ·Rosario'. · Orange Beauty' and · Rosario' also had a 
third band at Rf 0.51, while 'Rosario' had a fourth band at Rf 0.59. 

·orchid' had the two common bands at Rf 0.55 and 0.57 as well as the most cathodal 
of all the isozyme bands identified at Rf 0.42. · Regina' had only the two most common bands, 
while 'Red Surprise' and 'Alnba' had these two bands plus a third band at Rf 0.48 and 0.49, 
respectively. 'King Cardinal' had a total of four bands, the two common bands at Rf 0.55 and 
0.57 as well as bands at Rf 0.53 and 0.59. 'Luciana' also had four bands at Rf 0.53, 0.55, 0.57, 
and 0.60. The band at Rf 0.60 was not seen in all preparations. 

'Jubilee' and 'Texas' both had four identical bands at Rf 0.55, 0.56, 0.57, and 0.60. 
'Jubilee' had two other isozyme bands at Rf 0.49 and 0.53 while the other two bands for 'Texas' 
were at Rf 0.43 and 0.51 . The three bands of 'Yellow King' were at Rf 0.43, 0.51 and 0.55. In 
two of seven experiments with this enzyme, a fourth band was also identified at Rf 0.57. The four 
bands of 'Monika' were located at Rf 0.46, 0.49, 0.50, and 0.57. Four bands at Rf 0.43, 0.51, 
0.55, and 0.57 were identified for both ·eanaria' and 'Marina'. 

There were unique patterns identified for 15 of the cultivars. The remaining eight cultivars 
had a further four different patterns, each pattern being common to two cultivars. A series of faint 
cathodal bands were sometimes seen for many of the cultivars. These bands were difficult to 
discern precisely a_nd so were not included in the analysis of cultivar differences. 



Figure 4.12a. Aspartate amino transferase - cultivars 

From left to right: A. aurantiaca, Monika, Marina, Carmen, Yellow King, 
Texas, Jubilee, Luciana, King Cardinal, Alnba, Red Surprise, Regina, A. 
aurantiaca, Orego, Appelbloesem, Orchid, Rosario, Orange Beauty, Rosita, 
Pink Triumph, Neva, Mona Lisa, Carmen, Eureka, Ariza 
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Malic Enzyme (Fig.4.13) 

There were two very distinct zones of activity for malic enzyme. The more anodal zone 
was between Rf 0.50 and 0.54, while the more cathodal zone was between Rf 0.37 and 0.43. 
Seventeen of the 23 cultivars had an isozyme band at Rf 0.54. 'Eureka' and 'Carmen' had 
identical banding patterns, with bands at Rf 0.42, 0.43 and 0.54. They were the only cultivars to 
have an isozyme band at Rf 0.43. 'Yellow King' and 'Monika' also had the same isozyme pattern 
of two bands at Rf 0.42 and 0.54. 'Regina', 'Rosita' and 'King Cardinal' each had three bands 
at Rf 0.40, 0.42 and 0.54. 'Pink Triumph' had these same three bands as well as a fourth band 
at Rf 0.39. 'Red Surprise' and 'Canaria' also had isozyme bands at Rf 0.40 and 0.42 but the 
anodal band for these cultivars was at Rf 0.52. 'Orchid', 'Appelbloesem' and 'Alnba' had only 
two isozyme bands at Rf 0.40 and 0.54. 

'Orego' and 'Jubilee' had a cathodal band at Rf 0.40 and an anodal band at 0.52. 
'Luciana' and 'Texas' each had two isozyme bands at Rf 0.38 and 0.54. 'Orange Beauty' had 
two cathodal bands at Rf 0.41 and 0.42, and an anodal band at 0.54, the same pattern as 'Mona 
Lisa'. 'Marina' also had cathodal bands at Rf 0.41 and 0.42 but the anodal band for this cultivar 
was at Rf 0.52. 'Ariza' had an anodal band at Rf 0. 52 and a cathodal band at 0.41. 

'Neva' and ' Rosario' had the most cathodally located isozyme band at Rf 0.38. 'Neva' 
had a second band at Rf 0.54 whereas 'Rosario' had four more bands at Rf 0.40, 0.50, 0.52, and 
0.54. 'Rosario' had the most isozymes of any of the cultivars studied and was the only cultivar 
to have more than one isozyme band in the anodal portion of the gel. 

There were only five cultivars which had unique banding patterns with this enzyme. Six 
other patterns were identified for each of two cultivars, while two patterns were each present in 
three cultivars. Thus there was a total of 13 different isozyme banding patterns for this enzyme. 

Esterase (Fig.4.14) 

All cultivars had isozyme bands at Rf 0.84 and 0.87. Ten cultivars also had an isozyme 
band at Rf 0.90 and seven had a band at Rf 0.91 . The cultivars had from three to as many as 
eight bands for esterase enzyme. Three bands were identified for 'Nizo' at Rf 0.84, 0.87 and 
0.90. 'Monika' and 'Yellow King' also had three bands at Rf 0.80. 0.84 and 0.87. The latter two 
bands were also pr_esent for 'Regina', with the third band at Rf 0.79. 



Figure 4.13a. Malic Enzyme - cultivars 

From left to right A pelegrina, Bomarea, Red Surprise, Regina, Orego, Orchid, 
Rosario, Orange Beauty, Rosita, Pink Triumph, Neva, Mona Lisa, Monika, A 
pelegrina, Carmen, Eureka, Ariza, Alnba, Appelbloesem, Luciana, Marina, 
King Cardinal, Texas, Yellow King, Canaria, Jubilee 
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Fig.4.13a. Separation of ME isozymes of cultivars. b. diagrammatic representation 



Figure 4.14a. Esterase - cultivars 

From left to right: A. aurantiaca, Monika, Marina, Canaria, Yellow King, 
texas, Jubilee, Luciana, King Cardinal, Alnba, Red Surprise, Regina, A. 
aurantiaca, Orego, Appelbloesem, Orchid, Rosario, Orange Beauty, Rosita, 
Pink Triumph, Neva, Mona Lisa, Carmen, Eureka, Ariza 
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There were four identifiable bands for seven of the cultivars. 'Eureka' had bands at Rf 
0.76, 0.80, 0.84, and 0.87. 'Rosita' had the two common isozyme bands at Rf 0.80 and 0.84 as 
well as bands at Rf 0.79 and 0.90. 'Orange Beauty' had three bands at Rf 0.80, 0.84 and 0.87, 
as well as a fourth band at about 0.74. The position of this band varied slightly in different 
preparations at .::!ifferent times of the year and so only an average position has been indicated. 
'Alnba' also had four isozyme bands at Rf 0.76, 0.84, 0.87, and 0.91 . It was one of only two 
cultivars which did not have a band near Rf 0.80. 'King Cardinal' was very similar to 'Alnba' with 
bands at Rf 0.84, 0.87 and 0.91 but the fourth band was at 0.79. ·canaria' and 'Marina' had 
three bands in common at Rf 0, 0.84 and 0.87, however, the fourth band for 'Canaria' was at Rf 
0.79 while that for 'Marina' was at Rf 0.91. 

There were five cultivars that had five isozyme bands. 'Appelbloesem' had bands at Rf 
0.80, 0.84, 0.87, and 0.90 as well as a more cathodal band at 0.73. 'Red Surprise' had the same 
four anodal bands as 'Apelbloessem' but its fifth band was at Rf 0.74. ' Luciana' and 'Jubilee' had 
similar patterns of isozyme bands with bands at Rf 0.74, 0.79, 0.84, 0.87, and 0.91. 
'Texas' had the same four bands from Rf 0.79 to 0.91 but the fifth band was at 0.76. 

Six isozyme bands were identified for five of the cultivars. All of these cultivars had three 
bands in common at Rf 0.84, 0.87 and 0.90. 'Mona Usa' also had three other bands at Rf 0.68, 
0.72 and 0.79, while the other three bands of 'Pink Triumph' were at Rf 0.72, 0.77 and 0.80. 
'Rosario' had bands at Rf 0.67, 0.73 and 0.80 as well as the three common bands, whereas 
·orchid' had three other isozyme bands at Rf 0.74, 0.77 and 0.80. 'Orego' had five bands in 
common with 'Orchid' at Rf 0.74, 0.80, 0.84, 0.87, and 0.90 with a sixth band at 0.65. Seven 
bands were identified for 'Carmen' at Rf 0.66, 0.72, 0.77, 0.79, 0.84, 0.87, and 0.90 and eight 
bands were found for 'Neva' at Rf 0.64, 0.68, 0.72, 0.77, 0.80, 0.84, 0.87, and 0.90. 

Despite problems with streaking of the gel for some or all of the cultivars in some of the 
electrophoretic runs, esterase bands were generally very intense and well defined and gave the 
most consistent results of all the enzyme systems used for cultivar identification. Only four of the 
cultivars could not be uniquely identified with this enzyme. Two groups of two cultivars each had 
the same isozyme pattern. 
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Chapter 5 

DISCUSSION 

In this study, seven different enzyme stains have been used to separate the twenty four 

species, hybrids and color variants of Alstroemeria. Due to the confused nomenclature and 

identification of some of the species, it has not always been possible to determine if different 

authors are in fact referring to the same species. lsozyme analysis may provide further evidence 

as to the true identities of some of these materials. 

The majority of the species studied originated in Chile. A pulchella, A. psittacina and A 

ca,yophyllae were the exceptions, as they are native to Brazil. 

Due to the limited amount of material available per species and to confusion in prior years 

with labelling of some greenhouse plants, there were insufficient numbers for genetic analysis of 

the enzyme systems. The difficulties in producing and germinating viable seed resulted in an 

inability to collect adequate data on the segregation of isozyme genes. Hypotheses on the 

possible structure of the active enzymes are thus made by reference to other published 

information and comparison of the banding patterns obtained. These hypotheses may be 

supported or refuted by future work. 

Phosphogluco-mutase 

The majority of species and hybrids had a single anodal and a single cathodal band when 

stained for PGM. A pelegrina, however, had only a single cathodal band; A ligtu hyb and both 

color variants of A aurantiaca had two cathodal and two anodal bands; and A ca,yophyllae hyb 

had two cathodal bands and a single anodal band. Since the cathodal and anodal bands were 

so widely separated, it seemed likely that they were each due to the action of separate genes. 

It has been shown that in many plant species PGM has both chloroplastic and cytosolic genes 

(Weeden and Gottlieb, 1980; Weeden et al., 1988). Chloroplastic enzymes are more highly 

conserved than cytosolic enzymes and often have fewer alleles which generally migrate closely 

together within the gel (Gottlieb, 1982). 

It was difficult to determine which allozyme bands belonged to the proposed chloroplastic 

or cytosolic isozymes. Progeny of a cross between A versicolor as the female parent and A 
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aurantiaca as the male, had a single band in the anodal region of the gel , at Rf 0.80, as well as 

two cathodal bands at 0.64 and 0.66. Since chloroplastic genes are inherited only through the 

female parent, in this case A. versicolor, this suggested that the anodal isozymes were possibly 

due to the action of a chloroplastic gene. If this is correct, then the chloroplastic gene had four 

alleles, which produced allozymes that were closely spaced. The cytosolic gene would then have 

four alleles in the genus Alstroemeria and one other allele in Leontochir ova/lei and Bomarea spp. 
Since each species had only one or two alleles at each proposed locus, PGM was 

assumed to be monomeric. This agrees with previous work on peas, spinach (Weeden and 

Gottlieb, 1980), cotton (Suiter, 1988), salvia (Hashemi et al. , 1993), citrus (Torres et al., 1978b), 

sour cherry (Beaver and lezzoni, 1993), guayule (Hashemi and Estilai, 1992), raspberry 

(Cousineau and Donnelly, 1992), and apple (Weeden and Lamb, 1985). 

Phosphogluco-isomerase 

A single, clear anodal band was identified for each species studied. These bands were 

assumed to be encoded by a chloroplastic gene, since both chloroplastic and cytosolic gene loci 

have been identified for many plant species for this enzyme (Gottlieb, 1982; Weeden and Gottlieb, 

1980; Bringhurst et al. , 1981 ; Weeden et al. , 1988). There were from one to six isozyme bands 

in the more cathodal region of the gel, for each species investigated. The total number of 

isozyme bands was eleven, including one band found only in L. ova/lei. It was not possible to 

determine how many loci were involved in the formation of these isozyme bands and thus no 

determination of allelic bands can be made. 

PGI has been shown to be a dimeric enzyme in many plant species, such as ryegrass 

(Nielsen, 1980), Oarkia (Gottlieb, 1982), cotton (Suiter, 1988), salvia (Hashemi et al. , 1993), apple 

(Weeden and Lamb, 1985), grape (Weeden et al. , 1988) and potato (Oliver and Martinez-Zapater, 

1985). The quaternary structure of PGI in alstroemeria and related species could not be 

determined from this study. 

6-Phosphogluconate dehydrogenase 

The clearest isozyme bands were obtained using 6-PGD, particularly for extractions made 

during the late spring and summer. The isozymes always migrated to a very narrow zone within 

the gel, with a common band in almost all species at Rf 0.50. The exceptions to this were A. 
psittacina and A. _pulchella which had bands at Rf 0.51. These species were from Brazil, 
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whereas all the others, except A. caryophyllae hyb were from Chile. A second band for all the 

Chilean species of alstroemeria was at 0.46 or 0.47. 
It has been shown that 6-PGD has cytosolic and chloroplastic genes (Gottlieb, 1982; 

Ireland and Dennis, 1980; Suiter, 1988; Schnarrenberger et al., 1974) between which there is no 
intergenic dimerization. In maize, however, the isozymes of 6-PGD were found to form interlocus 
heterodimers (Gottlieb, 1982), suggesting that the subunits are both present in the same 
compartment. The quaternary structure of 6-PGD has been shown to be dimeric (Suiter, 1988; 
Oliver and Martinez-Zapater, 1985; Chyi and Weeden, 1984). In the present study, further 
investigation is needed before the compartment location and quaternary structure of 6-PGD 
isozymes in alstroemeria can be determined. 

Ten species were readily identified with this enzyme stain, with the remaining species 
having common patterns. 

Aspartate amino transferase 
The isozyme banding pattern for AAT was more complex than the first three enzyme 

systems discussed. MT has been variously described as both monomorphic and dimorphic 
(Torres et al. , 1978a, b; Suiter, 1988; Arulsekar et al., 1985; Reyes and Collins, 1992). Some 
authors have also shown that in some species there are both plastid and cytoplasmic isozymes 
present (Weeden and Gottlieb, 1980; VVeeden et al., 1988, Huang et al. 1976, Scandalios et al., 
1975). 

A common band at 0.55 was identified in all alstroemeria species and hybrids except for 
A. hookeri ssp hookeri. Neither L. ova/lei nor Bomarea spp. had an isozyme at this position in 
the gel. 

The distribution of the isozyme bands for this enzyme suggested that there were at least 
five Aat loci in alstroemeria. Based on this aussumption the most anodal loci , Aat-1 had only two 
alleles found in A. garaventae and A. aurantiaca with another six alleles from Bomarea spp and 
L. ova/lei. Aat-2 is proposed to have five alleles with each species having one or two of these, 
as well as heterodimeric isozymes when two alleles are present. Aat-3 had only one allele for 
most of the alstroemeria plants with the exception of A. magenta, which had no isozyme at this 
position. Another fixed isozyme was found at Rf 0.52 and may be the result of the action of a 
fourth proposed loci , Aat-4. No isozyme was found for Aat-4 in A. diluta ssp diluta, A. angustifolia 
ssp angustifolia, A~ versicolor or A. sierrae. The fifth proposed locus, Aat-5, had seven alleles 
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in Alstroemeria and Bomarea with a further two alleles identified in L ova/lei. From one to four 
allozymes were present in each of the species. All of these loci had active products in tissue of 
leaf, flower and roots. 

Gottlieb ( 1982) reports that three or four AA T isozymes is the minimum number reported 
in many conifers and flowering plants. Additional isozymes of the enzyme are often found, but 
none fewer. Torres et al. (1978a) suggested that the MT enzyme system in avocado is 
controlled by four genes. The first two, Aat-1 and Aat-2 are dimeric enzymes. Aat-3 had the 
same isozyme band in all varieties of avocado studied, and Aat-4 is assumed to be a monomeric 
isozyme since individuals had either one or two isozymes. 

Four Aat loci are also suggested for grape (Weeden et al., 1988). Aat-1 and Aat-2 are 
localized in the mitochondria or microbodies, Aat-3 is a monomorphic plastid specific isozyme and 
Aat-4 is located in the cytosol. 

Goodman and Stuber (1983) report that all MT isozymes in maize are dimers and are 
encoded by three loci. Aat-1 (Got-3 in the original paper) migrates the fastest and is generally 
expressed in mitochondria. Aat-2 (Got-2) codes for activities expressed in the plastid fraction and 
Aat-3 (Got-1) is expressed in the glyoxysomes. No interlocus heterodimers are identified. 
Although six alleles have been identified at the Aat-1 locus, the majority of lines surveyed showed 
only the same fixed allele. There are eight alleles at the Aat-2 locus but again a single allele was 
fixed in a large proportion of nearly 700 racial collections. Nine alleles are identified at the Aat-3 
locus in maize and teosinte. 

In wheat, Hart (1983) and Jaaska (1976, 1981) each found five sets of MT genes. 
Jaaska (1983) describes three major and three minor MT systems in rye species and triticale. 
Aat-1 is a polymorphic locus with at least two alleles. The enzyme encoded at this locus is 
dimeric. Aat-2 codes for an isozyme with three alleles, of wh_ich one allozyme is common to all 
rye species, as well as two other alleles, all of which may dimerize to form the active enzyme. 

Of the three minor MT systems discussed; one, between allozymes of AAT-2 and AAT-3, 
has a fixed, faint band common to all rye species, while the other two were observed in only a 
few species. 

Rick (1983) identified four Aat loci in tomato. Five zones of MT activity were reported on 
gels of peppers (McLeod et al., 1983) although later work suggests that there may be only four 
Aat loci , the other apparent loci being an allele of another loci. The most cathodal isozyme is 
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monomeric in all taxa. In soybean, Kiang and Gorman (1983) identified three loci , two of which 
are responsible for cytosol-active bands and one which was located in the plastid. 

The banding pattern for alleles from proposed locus Aat-2, for all alstroemeria species and 
hybrids, fits the model for a dimeric enzyme. There were either single allozyme bands indicating 
homozygous individuals or three bands for heterozygous individuals. No band was found in this 
region for A. angustifolia ssp angustifolia suggesting the presence of a null allele. Both the loci 
Aat-3 and Aat-4 had a single fixed allele for all species. It may be that one or both of these alleles 
were due to the action of chloroplastic loci. Further clarification is needed to establish the 
localization and quaternary form of isozymes from these proposed loci. 

Allozymic bands from the proposed Aat-5 loci did not fit a dimeric model. There were one, 
two, three, or four allozymes identified for each alstroemeria species or hybrid, except A. 
caryophyllae hyb, A. pulchel/a and A. psittacina. The latter three are all Brazilian species 
whereas the remaining species and hybrids originated in Chile. 

The spacing of the multiple bands for some of the species s ,ggests that the heterozymic 
isozyme formation normally found is a dimeric system. Other isozymes appeared to be 
functioning as monomers. This situation was also observed in citrus (Torres et al. , 1978a) and 
avocado (Torres et al., 1978b). It has been suggested that possibly some subunits cannot 
dimerize with one another or that some isozymes are truly monomeric in some species and 
dimeric in others. Scandalios (1969) suggests that, in some instances, there is a strict affinity for 
identical polypeptide chains in the formation of dimers. Further study is needed to clarify this 
anomaly. 

Malic enzyme 
A ;etrameric structure for ME was proposed by Goodman and Stuber (1983) for ME-1 in 

maize coleoptile tissue. A single zone of activity was observed for malic enzyme of cotton, with 
heterozygotes displaying a five band pattern, suggesting that the enzyme is tetrameric (Suiter, 
1988). In citrus leaves, however, ME behaved as a monomer specified by two genes that 
produced isozymes in two well separated regions of the gel (Torres et al. , 1982). 

The ME isozymes of alstroemeria appeared to resemble those of citrus. There were two, 
well separated staining zones within the gel. In the anodal zone, all of the species and hybrids, 
except for A. cary~phyllae hyb., had a single isozyme band. A. caryophyllae hyb. had an evenly 
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spaced series of four bands. This pattern suggests a trimeric structure for these isozymes, which 
would be very unusual. Alternatively, the isozymes may be monomers, with four alleles present 
in the tetraploid hybrid. There are four alleles for this locus in the materials studied. 

The second proposed locus for ME had six alleles. Three of the alstroemeria species and 
the Bomarea spp. had two isozymes in this cathodal zone. The yellow flowered A. aurantiaca 
had an evenly spaced series of four bands, while the remaining 18 species and hybrids had only 
a single band. This pattern generally fits a monomeric model for isozyme structure. The inter-
allelic bands seen in A. aurantiaca were possibly an artifact due to the extraction procedure, or 
may represent post-translational modification of the allozymes of this species. 

The intermediate band seen clearly in A. hookeri ssp hookeri and faintly in four other 
species and hybrids, may have indicated the presence of another allele of one of the two loci. 
If, however, this band represents an intergenic (heterozygous) isozyme, the quaternary structure 
of at least one loci would have to be multimeric. 

There were obvious differences in the intensity of each isozyme for the various species 
and hybrids. This ranged from very faint bands for A. haemantha hyb and L. ova/lei to extremely 
thick, dark bands for A. ligtu species and hybrids and A. psittacina. However, since no attempt 
was made to quantify the amount of protein in each of the prepared samples it was not possible 
to determine whether or not this was due to dosage differences. Further investigation of this 
enzyme system is necessary to determine its quaternary structure and the number of alleles at 
each of its loci. 

Esterase 
A large number of esterase loci have been reported for many plant species. Esterases 

are a heterogeneous group of enzymes with low substrate specificity. In vitro they may hydrolyse 
a large number of different esters, although at different rates (Scandalios, 1969). The natural 
substrates and in vivo action of most of the esterases are not known. The artificial esterase 
substrate most commonly used is a-napthyl acetate. 

Schwartz ( 1960) proposed that at the E-1 locus of maize, there are seven alleles and the 
functional maize esterases are dimers. Later work indicates that there are at least 10 loci for 
maize esterase isozymes (MacDonald and Brewbaker, 1975). Of the few loci that have been 
extensively studied, three of the maize esterases were found to be dimeric (Schwartz, 1964; 
Newton et al., 1982_; Stuber and Goodman, 1982) and at least two others are monomeric (Harris, 
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1966; Brown and Allard, 1969). Mok (1981) also suggested that esterase systems of potato 
indicated that the active enzyme is a dimer. Desborough ( 1983) disagrees with this interpretation 
and suggests that potato isozymes may be tetramers. 

For peppers, McLeod et al. ( 1983) decided that the three more anodal esterases are 
monomeric proteins, while the cathodal locus codes for a dimeric protein. 
Rick ( 1983) also suggested that the seven loci of tomato are a mixture of monomers and dimers 
with three loci confirmed as coding for dimeric isozymes, three for monomeric and one being 
uncertain. 

The banding pattern for most of the AJstroerneria species and hybrids was quite complex 
with from three to seven bands identified for each. A common band at Rf 0.84 was found in 
every species or hybrid except for A angustifolia ssp angustifolia. Bomarea spp. had a slightly 
different allele at 0.85 while A exserens had a second isozyme band at 0.83. This group of 
isozymes may be controlled by a single locus, probably specifying a monomeric enzyme. 

The series of bands anodal to the common band, had either one or two bands for many 
species or hybrids, however, some species of AJstroerneria, as well as L. ova/lei and Bomarea 
spp had no bands in this region. This set of bands may also be controlled by a single locus 
specifying monomeric isozymes. 

The third proposed locus for EST had four alleles, with bands at Rf 0.77-0.82. Each 
species and hybrid had either one or two bands in this region indicating the probability of a 
monomeric isozyme. The exception was A. sierrae which had a series of three bands in this 
area. This may indicate that the isozymes for this loci are dimeric in A sierra and possibly in 
some of the other species which have only a single band. Alternatively, the third band may be 
due to the activity of another locus. 

The remaining cathodal bands in the gel may be due to the activity of one or two loci. 
Five of the Alstroemeria species as well as Bomarea species have no clear bands in this area. 
A. versicolor was interesting since all of the bands in this area appear as doublets. Doublet 
banding patterns are thought to be due to either post-translational modification or they could be 
artifacts of the extraction procedure (Suiter, 1988). This two-banded phenotype has been noted 
for LAP in citrus (Torres et al. , 1982) and in cotton (Suiter, 1988). 

Progeny testing is necessary to finally determine the number of loci and alleles involved 
in the presence of esterase ;sozymes. The quaternary structure of each of these isozymes also 
remains to be determined. 
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Leucine amino peptidase 
There are a number of amino peptidases, some of which are more specific for certain N-

terminal amino acids. Leucine amino peptidase is an enzyme that hydrolyzes the chromogenic 

substrate L-leucyl ~napthylamide. Its activity is accelerated by the presence of either Mg or Mn 
ions. Chemically, LAP is an exopeptidase which hydrolyses peptide linkages adjacent to the free 
a-amino groups of a peptide, resulting in a free amino acid and a smaller peptide. This process 
may then be repeated with the free amino group of the smaller peptide (Scandlios, 1969). 

The activity of this enzyme was only high in alstroemeria during certain times of the year 

and thus only a few species were analyzed. Each species or hybrid had from one to four 
isozyme bands. These bands were clustered within a very small region of the gel, and the 
zymogram consisted of doublet isozymes. A. ligtu spp, A. ligtu hyb and A. chi/ensis all had the 
same doublet isozymes in the median portion of the region. A. psittacina and A. pulchella had 
the doublet isozymes in the same anodal or faster part of the region. A.pelegrina alba had a 
doublet isozyme pattern in the cathodal region of the gel. These species were all assumed to 
be homozygous for LAP. A. haemantha hyb and A. caryophyllae hyb had a series of four bands, 

comprised of two sets of doublet isozymes. The yellow-flowered A. aurantiaca also had two sets 
of doublet isozymes but in a more median part of the staining region. These three species and 
hybrids were assumed to be heterozygous for LAP. Single bands were identified for the orange-
flowered A. aurantiaca and for L ova/lei. 

The doublets occur in three different positions and were assumed to be coded for by three 

different alleles of a single locus. The patterns suggest that LAP is a monomeric isozyme. 
Further analysis is necessary to confirm or refute this assumption. Doublet bands for LAP have 
been noted in citrus (Torres et al. , 1982), grape (Wolfe, 1976) and cotton (Suiter, 1988). 

Two LAP loci have been identified in avocado (Torres et al., 1978a), cotton (Suiter, 1988), 
alfalfa (Quiros, 1983) and soybean (Kiang and Gorman, 1983). \/\tlere genetic testing was 
included, the LAP enzyme was shown to be monomeric. The two-banded doublet isozymes may 
be the result of post-translational modification, or they could be artifacts of the extraction 
procedure. 

lsozyme characterization of species 
For all enzyme systems except LAP, the zymograms for A. pelegrina rosea and 

A.pelegrina alba w~re exactly the same. No comparison was made for LAP. Seed for each of 
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the plants used was from very different sources, suggesting that there is good conservation of 
isozymes throughout different populations of A. pelegrina. A. pelegrina is found along coastal 
areas of Chile, below 1 000m, and between latitudes 32° and 33° S. 

A. psittacina and A. pulchella are generally considered to be different names for the same 
species (Hannibal, 1941 ; Stinson, 1942; Robinson, 1963). Comparison -of zymograms for 
individuals of these species show good agreement for all enzymes (LAP was not included). 

The two color variants of A. aurantiaca have exactly the same zymogram only for PGM. 
For all of the other enzymes, the two variants have some isozyme bands in common as well as 
unique isozymes for each. The two color variants in our greenhouse could easily be distinguished 
based on their isozyme banding patterns. The enzyme system with the most obvious and 
consistent differences was ME. A. 3Urantiaca (aurea) species are found over a wide area of Chile 
from 36°- 42°S and spread throughout very different habitats. The results of the present study 
suggest that there may be wide differences among populations of A. aurantiaca. Several other 
plants, from a different source, are now being grown for isozyme analysis, to try to determine 
further population differences. 

A. ligtu ssp. ligtu and A. chilensis are also thought to be the same plant species (Bayer, 
1987). A comparison of the zymograms of A. ligtu spp and A. chilensis for the seven enzymes 
studied, showed that they are identical for four of the enzymes. Three enzyme systems, PGI, ME 
and EST showed some slight differences between plants of each separately identified 3pecies. 
For ME, a different anodai allele was present in each; for EST, four isozymes were common to 
both; and for PGI, four isozymes or allozymes were common. Some of these differences may 
simply be due to the presence of different alleles in the plants studied. A. ligtu ssp ligtu is 
distributed along coastal areas of Chile between 32° and 38°S, although it is also commonly found 
along river valleys further inland. It generally grows below 1 000m. 

It has been noted that A.ligtu hybrids are probably the result of a cross made in about 
1927 between A. ligtu spp and A. haemantha (Gulmon and Mooney, 1980). The A. haemantha 
specimens in our collection are no longer true species but have hybridized with other materials 
in the greenhouse. However, a comparison of the banding patterns of A. ligtu spp., A. haemantha 
and A. ligtu hyb for six of the enzyme systems (not LAP) would seem to support this origin for 
the ligtu hybrids. 

A. haemantha is thought to be another name for A. ligtu ssp simsii (Bailey, 1947; Baker, 
1888; Uphof, 1952, Bayer, 1987). The latter has two color variations - orange/red and yellow. 
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A.haemantha has also been described as having either dark red, salmon rose or orange-yellow 
flowers (Robinson, 1963; Stinson, 1942). The leaves are generally described as ciliated and the 
petals are pointed and reflexed. A comparison of the banding patterns of the single individual of 
A. ligtu ssp simsli and the A. haemantha hybrids, showed that of the 22 isozyme loci in each of 
the two species, 10 were common to both. A wide range of individuals from each species needs 
to be studied before any conclusions can be drawn with regard to their identity to one another. 

A.sierrae and A. gayana are different names for the same species, which is also known 
as A. magnifica ssp magnifica (Bayer, 1987). A. gayana is thought to be an intermediate between 
A. haemantha and A. pelegrina (Baker, 1888). A comparison of the zymograms of A. sierrae with 
A. pelegrina and A. haemantha revealed that nine of the 18 isozymes of A. pelegrina and eight 
of 20 isozymes of A. haemantha hyb were the same as those found in A. sierrae. The best 
match of zymograms is found for EST in which every band in A. sierrae is also found in either 
A.pelegrina or A. haemantha hyb. A perfect match was also noted for the cytosolic PGM 
isozyme for all three species, and in PGD two of the three isozyme bands of A. sierrae are 
common to all three species. 

L. ova/lei and Bomarea spp were readily distinguishable from Alstroemeria species using 
isozyme analysis. L. ova/lei was identified using the EST enzyme system; it had a cathodal band 
that was quite separate from the isozyme bands of all Alstroemeria and Bomarea which have 
been studied at this time. Bomarea and Lava/lei were also easy to identify using MT. .AJI 
Alstroemeria species and hybrids had isozyme bands in the center of the stained region of the 
gel whereas Bomarea spp and L. ova/lei only had bands in the cathodal and anodal regions of 
the gel. The pattern for each is distinctive. 

Identification of each of the other species can be achieved with only a few enzyme 
systems. A. pelegrina rosea and A. pelegrina alba will be discussed as a single species, A. 
pelegrina; while A. pu/chella and A. psittacina will also be discussed as a single species under 
the latter designation. The few differences between A. chilensis and A. /igtu spp have already 
been discussed and comparisons at this time will be made only to A. ligtu spp. 

There were eleven different isozyme patterns for Alstroemeria species and hybrids, for the 
isozymes at the cytosolic loci of PGI. .AJthough there was some small variation in the position of 
the chloroplastic isozymes, these are generally not included in comparison of the zymograms, 
except in the case of A. angustifolia ssp angustifolia. In the latter species the migrational position 
of the chloroplastic_ isozyme was different enough from the other Alstroemeria species that it could 
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be used to distinguish it. 
The PGI pattern of cytosolic isozymes was unique for each color variant of A. aurantiaca, 

A. pelegrina, A. magnifica ssp maxima, A. sierrae and A. versicolor. The patterns for A. chi/ensis 
and A. ligtu · Miyake spotless' were similar to that of A. ligtu spp except that the most cathodal 
band of A. ligtu spp was not always clearly seen in the first two species. These three species 
and hybrid, as well as A. exserens could not be clearly separated from each other based on their 
PGI zymograms (Table 5.1). 

The other species fall into one of three other patterns. The second pattern was shown 
by A. ligtu hyb, A. psittacina. A. haemantha hyb, and A. caryophyllae hyb. The third pattern was 
shared by A. garaventae, A diluta ssp di!uta, A. hoakeri ssp hoakeri and A. angustifolia ssp 
angustifolia. The latter species could then be distinguished from the first three by the unusual 
position of its chloroplastic isozyme. The fourth pattern was shared by only A. magenta and A. 

ligtu ssp simsii. 

If the 6-PGD enzyme system was then utilized, the species with the second and fourth 
patterns of PGI could be separated. There were thirteen different zymograms for Alstroemeria 
species using 6-PGD. A. ligtu hyb, A. psittacina, A. caryophyllae hyb, and A. haemantha hyb 
all have different patterns which are easy to distinguish. Similarly, A. ligtu ssp simsii and A. 
magenta could be separated from one another using this enzyme. The group of four species 
which shared the first pattern for PGI, could be separated into two groups using 6-PGD. A. ligtu 

'Miyake spotless' and A. exserens had the same pattern for 6-PGD, which separated them from 
A. ligtu spp and A. chilensis. Of the third group of PGI, A. hoakeri ssp hoakeri could be 
distinguished from A. garaventae and A. diluta ssp diluta. 

A third enzyme system must then be used to separate A. ligtu · Miyake spotless' and A. 
exserens, and A. garaventae and A. diluta ssp diluta. The MT system revealed very different 
cathodal bands for A. exserens and A. ligtu · Miyake spotless', with both the position and intensity 
of the banding being easily distinguishable. ME could just as easily have provided the information 
necessary to separate the two materials. Similarly, A. garaventae and A. diluta ssp diluta could 
be separated using either AA T or ME. 

Therefore, using only a single enzyme, PGI, seven species or color variants could be 
clearly identified. The addition of the second enzyme, 6-PGD, provides the separation of a further 
eight species and hybrids, and the remaining four species and hybrid could be separated with a 
third enzyme systE:m. 
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Table 5.1: Separation of species based on isozyme patterns 

PGl-cytosolic 

Separated 

A. aurantiaca -
yellow 

A. aurantica -
orange 

A. pelegrina 

A. magnifica ssp 
maxima 

A. sierrae 

A. versicolor 

Not separated 
A. ligtu sppl 

A. chilensis 
A. exserens 
A. /igtu 'Miyake 
spotless' 
A. ligtu hyb. 
A. psittacina 
A. haemantha 
A. caryophyllae 
A. angustifolia ssp 
angustifolia 
A. hoakeri ssp 
haokeri 
A. garaventae 
A. diluta ssp diluta 
A. magenta 
A. Jigtu ssp simsii 

PGl-plastid 

A. angustifolia 
ssp. angustifolia 

6-PGD 

Separated 

A. ligtu sspl 
A. chilensis 

A. ligtu hyb 

A. psittacina 

A. haemantha hyb 

A. caryophyllae hyb 

A. hoakeri ssp hoakeri 

A. magenta 

A. ligtu ssp simsii 

Not separated 
A. ligtu · Miyake 
spotless' 
A. exserens 
A. garaventae 
A. diluta ssp diluta 

AAT 
Or ME 

A. ligtu 
· Miyake spotless' 

A. exserens 

A. garaventae 

A. diluta ssp diluta 
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Cultivar Identification 
As expected from the hypothesized complicated pedigree of the Alstroemeria cultivars. 

great variation was found in all of the enzyme systems studied. 
Using 6-PGD, nineteen different zymograms were identified for the 23 cultivars. Two 

cultivars. · Rosita' and · Rosario' each had isozyme bands at Rf 0.50 and 0.47; · King Cardinal' and 
'Jubilee' had the same zymogram of three bands, and 'Neva', ' Luciana' and 'Texas' had the 

same single isozyme at 0.50. 
If the zymograms for MT is then considered 'Neva', 'Luciana' and 'Texas' can be 

separated based on their unique banding patterns with this enzyme. Only the most consistent 
and clearest bands were used for this analysis. · Rosita' and · Rosario' could also be separated 
using the MT zymogram, as could 'King Cardinal' and 'Jubilee'. 

Using only two enzyme systems it was possible to uniquely identify all of the 23 cultivars 
included in this study. 

The zymogram of the cultivars for ME revealed sixteen different isozyme patterns. Ten 
of the cultivars could be uniquely identified with this enzyme. The remaining cultivars could then 
be identified uniquely if the zymograms for MT were then considered. Alternatively, fifteen 
cultivars could be uniquely identified if the zymograms for AA T were first considered. Using only 
the cytosolic isozyme patterns of PGI, the remaining cultivars could then be classified uniquely. 

Very little is known about the parentage of most of the cultivars. Many of the commercially 
grown cultivars that have been studied are triploids or tetraploids (Tsuchiya et al, 1987; Hang and 
Tsuchiya, 1988) and are generally sterile. 

A comparison of the banding patterns of the species and the cultivars was carried out. 
For every isozyme band in each cultivar the possible parental species which may have 
contributed this band were listed. This was carried out for each of the isozyme systems studied. 
These lists were then reviewed to determine which species contributed one or more bands to 
every enzyme system in the cultivar. Wth this process of elimination, species were identified 
which were likely to have been progenitors of the particular cultivar (Table 5.2). Since not all 
possible species have been included in this study, the results present only possible parents at 
this time. Further investigation is necessary to eliminate other species not yet studied or to give 
added evidence for the proposed parent species. 

The triploid cultivar A cv · Regina' is known to be the result of the cross A pelegrina X A 
aurantiaca (Heins _and Wikins, 1979), in which one of the parents probably contributed an 
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Table 5.2: Possible parents of a.Jltivars studied 

CULllVAR 

Ariza 
Eureka 
Carmen 
Mona Lisa 
Neva 
Pink Triumph 
Rosita 
Orange Beauty 
Rosario 
Orchid 
Apelbloessem 
Orego 
Regina 
Red Surprise 
Alnba 
King Cardinal 
Luciana 
Jubilee 
Texas 
Yellow King 
Canaria 
Marina 
Monika 

CHROMOSOME 
NUMBERSa 

2n=4x=32 
2n=2x=16 
2n=3x=24 
2n=3x=24 
2n=4x=32 
2n=3x=24 
2n=3x=24 
2n=3x+1=25 
2n=4x+1=33 
2n=2x=16 
2n=3x=24 
2n=4x=32 
2n=3x=24 
2n=3x=24 
2n=4x=32 
2n=3x=24 
2n=4x-1=31 
2n=4x=32 
2n=4x=32 
2n=3x=24 
2n=2x=16 
2n=3x=24 
2n=3x=24 

aTsudiiya et al., 1987; Hang and Tsuchiya, 1988 
bFor abbreviations see Table 3.1 

POSSIBLE 
PARENTSb 

A, H,C 
A, p 
A, At, H, P, Mm 
Ls, A, At, P 
P, H*(ME) 
A, H 
A, At, LH 
A, Lh 
At, H, C, Lh 
A 
A, H 
P, H, Ls 
A, At, P 
An, Mm, Li 
H, At, Ps*(ME) 
A, At, H 
C,A 
A, At, H, C 
A, At, H, C 
A, At, Ps 
A 
A, At, H, Mm, Ps 
A, At, Ch, Ps 

*No isozyrre bands for this species were found for the listed enzyrre 
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unreduced gamete. 

Comparison of the isozyme bands in the cultivar · Regina' with those of the species 

studied, showed that the probable parents of this triploid cultivar were A pelegrina and A 

aurantiaca. This agrees with the information on the parentage of· Regina' published by Heins and 

Wikins ( 1979) after consultation with M. C. Van Staavaren. 

A cv 'Walter Fleming' is reported to be the result of a cross between A vio/aceae and 

either A haemantha (Robinson, 1963) or A aurantiaca (Heins and Wikins, 1979; Healy and 

Wikins, 1989). The cultivar A cv 'Orchid' is known to be derived from A cv 'Walter Fleming' 

through the process of mutagenesis using X-rays (Broerjtes and Verboom, 1974). A cv 'Canaria' 

was then derived from ·orchid' by the same procedure (Micke et al., 1985). 

Analysis of the isozyme bands of A cv · Orchid' and A cv · Canaria' indicated that A 

aurantiaca was a possible progenitor of both of these cultivars. All of the other species included 

in this study were eliminated since there were not bands common to the species for every 

enzyme, in the cultivar. Since A violaceae was not included in this study its isozyme band 

positions are unknown, however, it would appear likely that based on the cultivar isozyme bands, 

A. aurantiaca and not A haemantha was the other likely parent. 

A. aurantiaca is also named as one of the parents of a three way cross, which resulted 

in the 'Parigo' hybrids (Goemans, 1962). A ligtu species are also mentioned as not being 

involved with the production of these hybrids. The Parigo hybrids included in this study were 

· Carmen' and ·Marina'. Examination of the isozyme bands indicated that four of the species 

studied could have been involved in the parentage of each these cultivars. For A cv · Carmen' 

these were A aurantiaca ( either color), A haemantha, A. magnifica ssp maxima and A. pelegrina. 
For A cv 'Marina' they were A aurantiaca (either color), A haemantha, A. magnifica ssp maxima 
and A. psittacina. Further investigation of these and other species is necessary before any firm 

conclusions can be made. 

A cv 'Appelbloesem' is a cultivar developed through X-ray mutation of A cv 'King 

Cardinal' (Micke et al., 1985). Comparison of their isozyme bands with those of the species 

studied showed that both A aurantiaca and A haemantha were probable parents for both 

cultivars. Examination of the karyotype of both cultivars revealed that they both contain two 

different genomes, with two homologous genomes of one parent and one genome from the other 

parent contributing to the triploid karyotype (Hang and Tsuchiya, 1988). 

The other ~iploid cultivar · Eureka' is comprised of two non-homologous genomes (Hang 
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and Tsuchiya, 1988). Examination of the isozyme bands suggested that A. aurantiaca and A. 
pelegrlna may have been the parental species for this cultivar. 

Until all of the most common Alstroemeria species have been examined, the parentage 
of the cultivars cannot be established definitively. However, comparison of the isozyme bands 
in both the species and the cultivars may be a relatively easy and accurate method with which 
to narrow the number of probable parents and thus facilitate a more rapid breeding program. 

It should be noted that isozyme bands were identified in some cultivars that did not appear 
in any of the species studied. There may be a number of reasons for this. First, mutagenic 
treatment of some of the cultivars may have caused slight differences in their enzyme structure, 
resulting in a shifting of the band position within the gel. Secondly, inaccuracy in measurement 
of band position may result in slight differences in band position and hence identification of a 
separate band which may not in fact be different. Thirdly, there are many other species that still 
need to be examined and the unknown bands may belong to one of these. 

In order to clarify the possible parentage of these cultivars, further isozyme analysis needs 
to be carried out using other species and other enzyme systems. Complimentary to this 
investigation, analysis of the karyotype and Giemsa banding pattern of the chromosomes of the 
species and cultivars may assist in the definite identification of parents of these cultivars. 
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Chapter 6 

INlRODUCTION 

Although some limited research has been undertaken in the last 100 years there has been 
no extensive genetic analysis of the genus Alstroerneria or its related genera Leontochir and 
Bomarea. The earliest studies of these genera were in the late 1800's (Strasburger, 1882, Guignard, 
1884) and chromosome numbers were reported by Sato (1938), 'Myte (1929) and Taylor (1926). 
There have been limited studies since that time with only about ten species studied (Darlington and 
'Aylie, 1955; Tsuchiya et al., 1987, 1989; Hang and Tsuchiya, 1988). 

Despite the large number of cultivars that have been developed in the last 30 years-there is 
very little published information about their origins or even the chromosome numbers. Some 
cultivars were reported to be triplcid based en their radiosensitivity (Broertjes and Verboom, 1974) 
but until the 1980's very little new information was available on the karyotypes of the cul~vars. 

Chromosome studies of Alstroerneria species and cultivars by Tsuchiya et al. (1987, 1989), 
Tsuchiya and Hang (1987), Hang and Tsuchiya (1988), Rustanius et al. (1991) and Stephens et al. 
( 1993) added greatly to our understanding of this genus. They reported that the chromosome 
number of all the species studied was 2n=2x=16 in agreement with earlier work. The chromosome 
number of the cultivars varies frcm diploid to triploid to tetraploid. This is somewhat surprising given 
the diploid nature of all the species studied to date. Most of the commercially important cultivars are 
the result of hybridization and/or mutagen treatment (Broertjes and Verboom, 1974). 

Many of the most important cultivars used for cut-flower production are polyploid. They are 
prized especially for their long vase life as well as for the variety of their colors. The cultivars 
currently in production in the United States were developed primarily in Europe and their parentage 
is unknown. Occasionally the breeders have identified one of the parents used in their programs 
but since these cultivars are often the result of three way crosses it is impossible to try to recreate 
the original crosses. This problem is further compounded by the use of mutagenic treatments which 
were widely used to create new cultivars. 

It is important that cultivars are developed in the United States for use by local growers. This 
would provide a much cheaper plant to the grower and, in tum, to the consumer. Since there are 
more than 60 species of Alstroerneria it is difficult to develop an effective breeding program. Many 
of these species are :!1compatible when hybridized and special techniques such as embryo rescue 
are needed to maintain the development of the young plant. It is therefore important that the · 
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number of species involved in a breeding program be minimized and that the ones chosen should 
have the highest probability of providing useful offspring. Extensive analysis of Alstroemeria species 
and cultivars is needed in order to identify the species that were most likely used to create the 
original hybrids so tiat these species can then be utilized in a new breeding program. 

The present study was developed to continue work already begun by Tsuchiya and his 
research group. Brief analysis of many cultivars and species were carried out from 1987 to 1991 
by this group. More detailed analysis of eight species and one hybrid of Alstroemeria as well as one 
species each of Bomarea and Leontochir ova/lei were undertaken in the current reseach. Similar 
analysis of 22 cultivars was also induded. 

Karyotype analysis of each of the species was used to detem,ine the general chromosome 
complement with respect to size and shape of chromosomes and the presence or absence of 
satellites. Detailed analysis of the related genera Bomarea and Leontochir was also included to 
allow a comparison to be made between the genomes of each of the three genera. Detailed 
Giemsa banding studies were used to try to detem,ine whether there was any homology between 
chromosomes of different species which were of similar size and shape. Comparisons were then 
made between the chromosomes in the species and those in the cultivars to help decide if certain 
chromosomes within the cultivars may have arisen from particular si:ecies. 

Using this approach it was possible to determine which species may have been probable 
parents for some of the cultivars. Since only a limited number of species have been studied at this 
time many more have to be induded before any conclusions can be made as to the exact parentage 
of the cultivars examined. 

Part one of this research involved characterizing the species and ·cultivars by the use of 
isozyme banding patterns. The effectiveness of this technique, combined with the cytogenetic study 
described in part two, for the identification and characterization of species and cultivars is 
discussed in the conclusion. 
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Chapter 7 
LITERATURE REVIEW 

A MORPHOLOGY 
Alstroemeria, which are native to South America, were first introduced to Europe by Father 

Fueillee in 1714. He gave seeds of Alstroemeria pelegrina to AJstromer who passed them on to his 
friend carolus Linnaeus. The genus was named in honor of AJstromer and this first species was 
described and illustrated by Linnaeus (Linneaus, 1762). The Spanish botanist, Fueillee, indicated 
that A pelegrina was a favorite flower of the Incas and was often found in the gardens of the Inca 
rulers. It is sometimes referred to as the Peruvian or Inca Lily. A pelegrina was introduced to Kew -
gardens in 1753 (Robinson, 1963). 

There are over 60 species of Alstroemeria whic.'1 are native to climates that range from dry 
coastal sand dunes, deserts, river valleys, semi-woodlands and up to the snowline of the Andes_ 
(Hughes et al, 1986). 

The taxonomic placement cf Alstroemeria has been somewhat confused, as it was sometimes 
placed in the family Amar;llidaceae or the family Ulliaceae. By 1985, however, Dahlgren et al. 
(1985) had further investigated the phylogeny of the genus and concluded :hat it should be classified 
as: 

CLASS: 
SUPERORDER 
ORDER . 
FAMILY: 
GENUS: 

Monocotyledons 
Liliiflorae 
Liliales 
AJstroemeriaceae 
AJstroemeria 

The genus Alstroemeria is composed of herbaceous perennials that have a white, fleshy 
rhizome from which arise the aerial shoots as well as a fibrous root system. These roots are 
modified to store nutrients and water and often contain a considerable amount of starch. The 
majority of the aerial stem length has no axillary buds, with one axillary bud at just the bottom two 
nod&s of the shoot. The first bud allows for the continuation of the main rhizome and second bud 
may grow out to form a lateral rhizome. Each new aerial shoot arises from the first node of the 
previous shoot, and may be vegetative or reproductive depending on environmental conditions 
(Hughes et al., 1986). The stems may be up to 4m long or so small that they are barely visible 
above the surface (A pygmaea). The leaves are narrow, and as they unfold they rotate 1800, so 
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that they are upside down or resupinate. The leaf base is more or less sessile with the leaves being 
lanceolate or linear in shape. Stomates are present on the side facing the ground. 

The branches end in umbel-like inflorescences which may have from one (A. pygmeae) to 
10-30 flowers (A. aurantiaca). The flowers are often subtended by green, leaf-like bracts which vary 
from very minute to quite large. The brightly colored flowers are often spotted and are trimerous, 
epigynous, bisexual and actinomorphic or lightly zygomorphic. The lower segment of the inner cycle 
differs in shape and coloring from the other two members whereas the three segments of the outer 
cycle differ in shape from the three in the center. 

There are 3+3 stamens which have narrow filaments and small oblong anthers which are . 
attached by the base. The ovary is inversely conical and three celled with each cell containing many 
superimposed ovules. The single style is filiform, the stigma being separated about half-way down 
into three parts or lobes with the stigmatic surface being of the wet type. The pollen has generally 
matured and been released before the stigma is receptive (protandry), thus promoting cross-
pollination of flowers. The fruit is a dehiscent, locilucidally 3-valved capsule and the seeds are 
globose (Dahlgren et al. , 1985; Uphof, 1952). 

8. KARYOTYPE ANALYSIS 
Chromosome studies of Alstroemeria were first published by Strasberger in 1882, who 

recorded a chromosome number of n=8 in microspores of A chifensis. Guignard (1884) studied A. 
pelegrina and A. psittacina which both showed n=8 chromosomes. These results were included in 
a paper by Taylor (1926) along with his own study of A. braziliensis which also showed 2n=16 
chromosomes. Wnyte (1929) published a study of the chromosomes of Alstroemeria and Bomarea. 

The chromosome numbers for A aurantiaca, A pu/chella and A haemantha were all 2n=16, in 
agreement with Taylors earlier work. Bomarea ca/dasiana was reported to have n=9 chromosomes. 

Sato (1938) studied the karyotypes of several families within Amaryllidaceae including A 
chilensis and A. pulchella and also confirmed that both have 2n=16 chromosomes. In "Chromosome 
Atlas of Flowering Plants" (Darlington and \Aylie, 1955) La Cour is credited with reporting the 
chromosome numbers for A. ligtu, A. rosea and A. campaniflora to be 2n=16. 

Tsuchiya and Hang (1987, unpublished data) studied 11 species in the genus Alstroemeria. 
They found that all 11 species, A. aurantiaca, A. psittacina, A. pulchella, A. pelegrina, A. versicolor, 
A. haemantha, A. chi/ensis, A. caryophyllae, A. ligtu, A sierrae and A. hookeri, all had 2n=16 
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chromosomes, in agreement with the earlier work. Rustanius et al. (1991) studied A ligtu hybrids 
and also found the chromosome number to be 2n=16. 

Taylor (1926) grouped the chromosomes of A. braziliensis into six classes. In the first class 
is the largest chromosome pair which "has the fiber constriction near it's center". The second pair 
were long chromosomes with well developed short arms about 2-3 times as long as broad. There 
were four pairs of acrocentric chromosomes, one pair of which has satellites. The seventh pair was 
a much shorter version of the second, while the eighth pair was much smaller than the first pair and 
had a submedian fiber attachment. This is similar to Vvhyte's (1929) description, although Wiyte 
noted the additional observation of the large distal satellite on the large submetacentric pair of 
chromosomes. 

Sato ( 1938) fcund scme differences between A. pulchella and A chilensis. A. pulchella was 
observed to have somewhat shorter chromosomes than A chilensis . These included one pair of 
long chromosomes with submedian constriction and one pair of medium chromosomes with 
subterminal constrictions. He observed six pairs of short chromosomes, four with almost terminal 
constrictions, one pair with subterminal constrictions and the remaining pair with median 
constrictions. One pair of the acrocentrics had a satellite at its proximal end. The median 
chromosomes also seemed to exhibit a secondary constriction in the distal arms and thus were SAT-
chromosomes. This description of A. pu/chella karyotype is slightly different from the one given by 
Wiyte. V\Jhyte descrit:ed two large metacentric chromosomes while Sato observed two medium 
subtelocentrics. 

For A chifensis, Sato found two pairs of long chromosomes with submedian constrictions, 
four short pairs of chromosomes with subterminal constrictions and two pairs of short chromosomes 

.. 

with submedian constrictions. Satellites were noted on the short arm of one pair of long 
chromosomes, as well as on two pairs of the short chromosomes. 

Tsuchiya and Hang ( 1989) reported that of the 11 species they studied most have a 
common constitution of two groups of four chromosomes in their genomes. The first group has four 
pairs of metacentric, submetacentric or subtelocentric chromosomes of different sizes, most without 
satellites. Four pairs of acrocentric chromosomes with or without satellites comprise the second 
group. A ligtu and A ligtu hybrids showed some variation from this general karyotype (Rustanius 
et al., 1991; Tsuchiya et al. , 1987; Tsuchiya and Hang, 1989). The first group consists of five 
chromosome pairs including one pair of large submetacentric and one pair of small metacentric 
chromosomes both with satellites. The second group consists of only three pairs of acrocentric 
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chromosomes with two pairs showing satellites. 
There were different degrees of variation among species, with only minor differences 

between some, but greater differences for others. Also, karyotypic polymorphism was found in 
different plants within species such as A versicolor (Tsuchiya and Hang, 1989) and A pelegrina 

(Stephens et al. , 1993). In A pelegrina the smallest submetacentric pair of chromosomes were 
observed to have satellites on one or both members of the chromosome pair. It was also noted that 
some species had a heterozygous chromosome complement, with one or more non-homologous 
pairs in their somatic cells (Tsuchiya and Hang, 1987). Meiosis, however, was fairly normal with 
most species showing eight bivalents, although occasionally seven bivalents and two univalents were 
observed in a few sporocytes of A ligtu, A pelegrina and A pulchra (Tsuchiya and Hang, 1989). 

Information on the karyotypes of the commercial cultivars is very scarce. Generally it is 
limited to an indication of chrcmosome number only. The late Professor T. Tsuchiya and various 
members of his research group have conducted brief karyotype analyses of 25 cultivars to determine 
their chromosome constitution and/or number. 

Of the 25 cultivars, four were 2n=2x=16, twelve were 2n=3x=24, one was 2n=3x+1=25, six 
were 2n=4x=32, one was 2n=4x+1 =33 and the last one was 2n=4x-1 =31. Meiotic behavior showed 
irregularities at various stages caused by abnormal pairing behavior. Consequently, most of the 
cultivars, induding diploid, showed no or extremely low, pollen fertility. Good pollen fertility was 
noted in many of the tetraploid cultivars, and interestingly in the hypertriploid 'Orange Beauty' 
(Tsuchiya and Hang, 1987). 

Twenty one cultivars were studied in more detail by Hang and Tsuchiya (1988) and Tsuchiya 
et al. (1987). Preliminary results of karyotype analysis of the diploid cultivars 'Orchid' , 'Canaria' , 
'Eureka·, and 'Zebra· indicate tt.ieir hybrid origin. The genomes consist of two groups of four 
chromosomes; 1. a large metacentric or submetacentric, a medium-sized submetacentric or 
subtelocentric, a small metacentric or submetacentric and a subtelocentric, all without satellites, 2. 
four acrocentric chromosomes of different sizes with very small short arms with or without SA TS. 
In 'Eureka' all four pairs of acrocentrics were noted to carry satellites whereas in 'Zebra· only seven 
acrocentrics had satellites (Hang and Tsuchiya, 1988). Seven acrocentrics were also identified in 
'Orchid' (which was mutated to form 'Zebra' ), while 'Canaria' showed only two pairs of SAT-
chromosomes (Tsuchiya et al. , 1987). 'Orchid' and 'Canaria' each have four unmatched 
chromosomes in their genomes; three metacentrics of different sizes and one small submetacentric. 

The twelve Jriploid cultivars and the hypertriploid 'Orange Beauty' all showed the three largest 
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metacentric or submetacentric chromosomes. The number and size of the other chromosomes 
differed in each cultivar. Three non-homologous genomes were postulated for the chromosome 
complements of 'Yellow King· and 'Mona Usa', with two homologous and one different genome in 
the cultivars 'King Cardinal', 'Appelblosem· and 'Pink Triumph' . Analysis of the chromosome 
complements illustrated by Tsuchiya, eta!. (1987) suggests that 'Campfire·, 'Red Surprise', 'Regina', 
'Marina· and 'Pink Perfection· also have two homologous and one non-homologous genome, while 
'Carmen· and possibly 'Rosita· have three non-homologous genomes. The additional notable feature 
of 'Rosita· is the presence of a small subtelocentric or submetacentric chromosome with a distal 
satellite. 'Orange Beauty· has 24 chromosomes that are from two homologous and one different 
genome plus an extra telocentric ( or acrocentric) chromosome. The third genome also includes a 
small subtelocentric chromosome with a tiny satellite on the short arm, which appears identical to 
the one seen in 'Rosita·. 

The tetraploid cultivar 'Jubilee· has a chromosome complement which can be divided into two 
groups of two genomes each. Chromosome size and shape indicate homology or close homology 
of two pairs of chromosomes. but there is one unique medium-sized submetacentric chromosome 
with a tiny satellite. This is thought to be different from the medium-sized sub-metacentric SAT-
chromosome found in the A ligtu hybrids. A 'Luciana· (2n=4x-1 =31) is thought to contain at least 
two, but possible three different genomes (Hang and Tsuchiya, 1988). The tetraploid 'Rosario' 
(2n=4x+1=33) also ap~ars from the illustration (Tsuchiya et al., 1987) to consist of two different 
genomes, the extra chromosome being acrocentric. There are also satellites visible on one of the 
two small submetacentric chromosomes, similar to those found in 'Rosita' and 'Orange Beauty·. 

Since mutation breeding, using X-rays, has been a commonly used procedure in the 
formation of alstroemeria cultivars, not all of the chromosomes may be traceable to a specific parent. 

Many of the chromosome pairs identified in the cultivars and possibly in some of the species 
may appear to be homologous when in fact there may be some differences between them. In order 
to determine a more exact homology of the chromosomes in both species and cultivars Tsuchiya and 
Hang ( 1989) and Hang and Tsuchiya ( 1987) used Giemsa-banding techniques. AJthough only limited 
details have been published. they indicate that useful information on the nature of chromosome 
polymorphism between presumed homologous chromosomes and between plants within a species 
can be determined as well as information on the evolutionary and phylogenetic relationships among 
species. 
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C. GIEMSA BANDING 
,AJthough chromosomes may show little or no structural differentiation along their length, 

banding patterns may be produced through differential binding of dyes or fluorescent chemicals. 
In many instances a single dye may result in uniform coloration of the diromosomes unless a 
specific pretreatment regime is first used. "As well as being of immense practical value in 
identifying chromosomes and parts of chromosomes, banding and the study of its mechanisms 
provides an insight into the highest level of chromosome organization below that of the whole 
chromosome" (Sumner, 1990). 

The concept that chromatin was composed of both euchromatin and heterochromatin was 
introduced by Heitz in 1928. Following this discovery a large number of techniques for the 
specific staining of heterod,romatin were developed. Since 1968, however, modem techniques 
have been developed that have widespread, practical application. 

Caspersson et al. (1968, 1969a, 1969b) first used fluorochrome (quinacrine mustard) to 

show variation in the intensity of fluorescence along chromosomes and these bands are now 
known as Q-bands. Since then other base-specific fluorochromes have been used, singly or in 
combination. The invention of in situ hybridization led to the development of C-banding and G-
banding techniques. C-banding demonstrates constitutive heterochromatin and was first observed 
in mouse chromosomes by Pardue and Gall (1970). They noted that when using in situ 

hybridization to locate satellite DNA the centromeres were more strongly stained with Giemsa 
dye. Through a series of less drastic pretreatments, e.g. proteolytic enzymes such as trypsin, G-
bands are revealed with Giemsa staining of higher vertebrate chromosomes, especially of man. 
R-bands, which are the reverse pattern of that found with G-banding, are used in France, but are 
not widely used in the rest of the world (Sumner, 1990). 

The.classical definition of heterochromatin is that it is a region or regions along the length 
of the chromosome that remain condensed at interphase. However, it has not yet been shown 
that all heterochromatic bands do actually remain condensed at interphase, or that all areas that 
remain condensed at interphase are stained by any of the banding techniques in use (John and 
King, 1977; Camacho et al. 1984). 

It was initially believed that the preferential binding of the Giemsa dye to heterochromatin 
was due to differences in renaturatio.n times of the DNA. The chromosomal DNA was thought 
to denature during _alkaline treatments, and then the most highly repetitive DNA, in the C-bands, 
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renatured most rapidly and so stained most strongly. However, it has been demonstrated that 
C-bands do not always contain highly repetitive DNA (see Sumner, 1990, Table 4.1) and that 
denaturation of chromosomal DNA by alkaline treatment is largely irreversible (Holmquist, 1979). 

C-banding has been shown to involve the preferential removal of DNA from non-C-banded 
regions of chromosomes, with the C-oanded regions thus having a greater amount of DNA 
(Comings et al., 1973; Pathak and Arrighi, 1973). This loss of DNA during C-banding is due to 
the pre-treatment process prior to staining with Giemsa dye. Preliminary treatment with 0.2N HCI 
depurinates the DNA. AJkaline treatment then results in !>elimination and breakage at the 
depurinated sites. The depurinated DNA is then extracted during incubation in warm saline. The 
overall result is smaller fragments of DNA which are more easily lost from the chromosomes 
(Holmquist, 1979). 

In order for this mechanism to explain C-banding it is still necessary to understand why 
DNA is extracted preferentially from non-C-banded regions of the chromosomes. There is some 
evidence that there are proteins in chromatin that bind more strongly to highly repetitive DNAs 
(Musich et al., 1977; Hsieh and Brutlag;·19r9) in some organisms, and so the C-band DNA is 
less able to be extracted. 

Identification of chromosomes using C-banding has proved very valuable, especially in 
insects and plants which do not exhibit G- or R-bands. Chromosomes can be characterized by 
the size and position of the C-bands, i.e. pericentromeric, interstitial or terminal. C-bands may 
appear as a solid block of material across the whole width of the chromosome or may be narrow 
bands, or even dots on each chromatid. Chromosomes which lack C-bands entirely are rare, and 
when observed are probably due to inappropriate treatment for the species or to loss of small 
bands through excessive treatments (Sumner, 1990). 

Specific procedures do not always define all types of heterochromatin (Stack et al. 1974) 
and a lack of centromeric heterochromatin, such as observed by Filion (1974) in Tulipa, does not 
necessarily preclude its existence. Similarly, the limited amount of heterochromatin revealed in 
the cultivar T. 'Turkestanica" as compared to that seen in T. "Spring Song" and T. "Queen of 
Night" may be a result of the inability of the technique to demonstrate its presence. On the other 
hand, Schweizen ( 1973) noted that Fritil/aria meleagris chromosomes are essentially free of 
bands but a tiny terminal or subterminal band in the short arm of some sub-telocentric 
chromosomes indicated that the Giemsa method has in fact worked. 

Vasa ( 197~) determined the C-banded variants for the six pairs of chromosomes of Seil/a 
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sabirica, with five of these six having an unbanded variant. In all, 42 banding patterns were 
identified for the chromosomes of the 20 plants examined. On the other hand, the amount and 
location of heterochromatin varied little between the various species and cultivars of barley 
(Hordeum spp.) (Vasa, 1976). It 'NaS observed that the similarity of banding patterns found both 
within and between species did not allow their use as outright specific markers. Later work by 
Linde-Laursen (1978a.b), Noda and Kasha (1978), and Singh and Tsuchiya (1981) indicated that 
each chromosome of barley possesses a different degree of constitutive heterochromatin, which 
allows identification of chromosomes 1 through 4, previously almost indistinguishable. A different 
technique, N-banding vVas used by Islam (1980) and then by Singh and Tsuchiya (1982) in 
combination with C-banding patterns to further delineate the barley karyotype. 

In rye (Secale cerea/e L), Giemsa C-banding has been used to help identify individual rye 
chromosomes (Sarrna and Natarajan, 1973; V\/eimark, 1975; Fujigaka and Tsuchiya, 1985, 1990) 
as well as to identify rye chromosomes in Triticale. Rye chromosomes have blocks of telomeric 
heterochromatin whereas wheat chromosomes show only some centromeric heterochromatin and 
/or small intercalary bands (Merker, 1973; Samia and Natarajan, 1973). 

Wei mark ( 1975), however, found that C-banding revealed not oniy terminal bands but also 
intercalary and centromeric banding patterns in rye. The intercalary and centromeric bands were 
generally small and faintly stained with the centromeric bands appearing as two small dots, one 
on each of the two chromatids, at or near tr.e centromere. A high level of heteromorphism of the 
heterochromatic regions of the rye chromosomes has also been noted at the level of group, plant 
and individual chromosomes (Merker, 1973; Samia and Natajaran, 1973; Weimark, 1975). 

Fujigaka and Tsuchiya (1985) used a sequential acetocamiine Giemsa staining technique 
to identify individual chromosomes in a haploid plant of an inbred line of common rye. Each 
chromosome could be precisely identified, even in acetocarmine stained cells; and the combined 
acetocarmine-Giemsa technique allowed precise chromosome measurements to be made as well 
as localizing heterochromatic bands to the correct chromosomes. This technique was suggested 
to help eliminate problems associated with the polymorphic nature between and within species 
of rye. 

Acetocannine Giemsa C-banding of inbred rye vVas also used in the identification of seven 
primary trisomics (Fujigaka and Tsuchiya, 1990). A complete set of primary trisomics 'NaS thus 
able to be unequivocally established in an inbred line of rye. 

HeterogenE:ity of the heterochromatin of wheat vVas revealed by Endo and Gill (1984) 
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through an improved N-banding technique. Schlegel and Gill (1984) used the same approach 
to try to identify additional heterochromatic regions along the rye chromosomes. Three of the 
seven chromosomes of rye were identified individually by their N-banding pattern. However, a 
comparison among chromosomes stained by N-banding and C-banding techniques (Singh and 
Tsuchiya, 1982) showed no major difference between tr quality and quantity of banding patterns 
obtained from either method at mid-metaphase. 

Heteromorphy for banding was also shown to occur within species of Anemone as well 
as between species (Marks and Schweizer, 1974). Heteromorphism of heterochromatin and 
Nucloelar Organizer Regions is probably universal throughout the animal and plant kingdoms and 
is certainly widespread in groups such as higher plants, insects and vertebrates, which have been 
studied intensively by cytogeneticists (Sumner, 1990). T-,e heteromorphism shown in plants may 
provide favorable material for studying the relationship between banding heteromorphism and 
phenotypic effects. There have been a number of examples of correlation between total DNA per 
nucleus and various phenotypic and environmental effects for a number of plants (Bennett, 1985). 
For example, Zea mays has varying amounts of heterochromatin between different strains, which 
can be correlated with total nuclear DNA content and geographical location. Northern varieties 
have lower DNA C-values and less heterod1romatin than southern varieties, which would result 
in a shorter cell cycle, and the production of more cells. This then results in a larger, earlier 
maturing plant. However, heteromorphism of C-bands can also be found within inbred lines of 
maize (Rayburn et al., 1985). These observations suggest that heteromorphism of 
heterochromatin may be involved in the variations in total DNA which lead to these phenotypic 
effects (Sumner, 1990) . 

.AJthough Giemsa banding has a relatively long history only a few genera have been 
studied to date, generally cereal crops. PJ. this time no information has been located relating to 
Giemsa banding of Alstroemeria chromosomes. It is important to understand the development 
of the existing hybrids of Alstroemeria in order to develop new hybrids in a short space of time. 
Tne characterization of species with regard to Giemsa band locations may provide a method for 
identification of individual chromosomes. These chromosomes may then be identified in each 
cultivar and probable parentage determined. 
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Chapter 8 

MATERIALS AND METHODS 

A total of 31 /lJstroemeria species, hybrids and a.Jltivars, Leontochir ova/lei and one 
Bomarea spp (Table 9.1) were studied to determine karyotypes and dlaracteristic Gemsa-
banding patterns of each dlromosome complerrent. The plants were all container-grow, in a 
greenhouse under natural daylengtt, with temperatures ranging from 1 D°C in winter to 28°C in 
sumner. Shading with 30% shadedoth was provided. 

Root tips were collected between 3 and 5p.m. The plants were gently removed from the 
pots and w,ite, actively grMng root tips were a.Jt and placed in vials of distilled water. The vials 
were then placed into containers of ice and water (±1°C) and stored in a refrigerator for 18 hours. 
A pretreatrrent of less than 18 hours resulted in nicely constricted dlromosomes but they were 
diffia.Jlt to separate. The longer pre-treatrrent resulted in well separated dlromosorres with 
dearty visible satellites. 

After pre-treatment the root tips were transferred to different vials containing a 3: 1 rri.xture 
of 95% ethanol:gladal acetic add for fixation. The vials were then left at room temperature for 
24 hours. The fixed root tips 1Nere then transferred to a solution of 0. 7% carmine in 45% acetic 
add (acetocarrrine). Preparations vVere rrade using Tsudliya's modified acetocarrrine squash 
(Tsudliya, 1971). The root tips vVere left in the acetocarrrine stain for a minimum of one week 
before squashes were rrade, and were usable for up to a month. 

For eadl plant a minimum of ten cells was examined to detemine or confirm the 
d1romosome nurmer. A number of cells from each plant were selected and photographed with 
a Carl Zeiss Photomicroscope 11. Chromosomes in these cells vVere well separated and any 
secondary constrictions were visible. Five cells were chosen and were photographed. 
Measurements 1/t/ere rrade of lengths of long arm, short arm, total length and length of satellite. 
AA average of these measur~ments was used to desaibe the general karyotype of the species 
or a.iltivar. 

The chromosomes vVere arranged into groups. The first group contained all 
metacentric, submetacentric and subtelocentric chromosorres. The second group contained the 
aaocenbic chromosomes. The length of all the chromosorres, exduding the satellites, was 
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measured and chromosomes in each of the two groups were arranged in order of descending 
size and number from one to either 16, 24 or 32/33. Apparently homologous pairs or groups 
were determined based on centromeric position, length of d1romosomes and the presence or 
absence of satellites. These chromosomes could be arranged to form a karyotype. 

For the species, averages of the paired chromosomes were determined to provide total 
length, relative length, index and ratio. Actual chromosome lengths cannot be used as a means 
of comparison between plants or species, since these lengths will vary due to the degree of 
chromosome contraction at various mitotic stages, variations in chemical agents, the duration of 
treatment or the squash treatment itself. The relative length, however, is detemiined by dividing 
the absolute chromosome length of a particular chromosome by the sum total of all the 
chromosome lengths in the complement. The relative length of each chromosome is therefore 
expressed as a percentage of the total sum (ljio and Hagberg, 1951). 

Centromeric location is calculated as the ratio of the long arm to the short arm as 
described by Levan et al. (1964). The nomenclature system of Levan et al. was then followed 
to determine if the chromosomes were median, submedian, subtemiinal or temiinal (Table 8.1 ). 
However, the more common alternate terms, metacentric, submetacentric, subtelocentric or 
acrocentric were utilized for descriptive purposes since they are more widely used and 
understood. 

In order to compare the chromosomes of each species to one another, idiograms were 
developed. The long and short arm measurements of each chromosome pair in the genome were 
used to construct the idiogram. These were made relative to one another by using a conversion 
factor to multiply the actual long and short arm measurements. The respective conversions 
factors were calculated by dividing the relative total genome length,. which was set at 100 units 
for each species, by the actual genome length. AA idiogram could then be drawn for each 
species using these adjusted measurements (Schlarbaum and Tsuchiya, 1984). 

After photographing cells from at least three different squashes, for a minimum total of 10 
cells, the slide was frozen at -?r:fC for 30 minutes and coverslip was removed. Immediately, 
the slides were placed in 98% alcohol for 5 minutes and then transferred to 100% alcohol for a 
further five minutes. The slides were dried in a desiccator, over silica gel, for at least two weeks. 

The dry slides were first placed in 0.2M Ha at 52'C for two minutes, to soften cell walls 
and allow better penetration of the Giemsa dye. A Giemsa C-banding technique developed by 
A Hang (personal communication) was then followed. Mer a brief wash in d~O the slides were 
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Table 8.1. Centromere position and chromosome description 
(from Levan et al. , 1964) 

Term Location r value Alternate 
term 

M median point 1.0 metacentric 
. m median region 1.0-1.7 metacentric 
sm submedian region 1.7-3.0 submetacentric 
st subterminal region 3.0-7.0 subtelocentric 
t terminal region 7.0- 00 acrocentric 
T terminal point 00 telocentric 

incubated in a 7 to 8% solution of Ba(OH)2 at 30"C for 7 to 10 minutes. They were washed three 
times in warm distilled water (45°C) for a total washing time of 10 minutes or more. This is to 
ensure that the Barium is removed from the slide. The slides were incubated in three changes 
of 2XSSC (saline sodium citrate) at pH7. The first incubation was at room temperature for 15 
minutes, the second at 30"C for 20 minutes, and the final change at 52°C for 60 to 70 minutes. 
Mer washing three times in distilled water, the slides were air dried for 10-15 minutes and 
stained in 1 to 2% Giemsa dye, diluted with equal volumes of phosphate buffers A and B (A= 
14.2g/l N~PO4, B=13.6g/lKPO4) for½ to 2 hours. Each slide was individually checked every few 
minutes to obtain optimum staining. The slide was air dried and mounted with a drop of 
permount. 

The same cells photographed following acetocarmine staining were rephotographed at the 
same magnification with Techpan Black and W,ite 135 film with a Zeiss Photomicroscope II. 
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Chapter 9 
RESULTS 

At least twenty cells of each Alstroemeria species, hybrid and cultivar and for a 

Leontochir ova/lei and Bomarea species were examined under the microscope (Table 9.1 ). The 

chromosome number for all Alstroemeria species was 2n=2x=16 and 2n=2x=18 for the other two 

genera. A minimum of five cells were selected and photographed for further analysis of the 

general karyotype for each species and cultivar. Measurements were made of chromosomes in 

all five cells and these were averaged to give measurements of total chromosome lengths, 

lengths of long arm, short arm and satellite. Satellite lengths were not included in total 

chromosome length measurements as they were often very tiny and difficult to measure 

accurately. They were not observed in all preparationa and therefore could not be measured in 

all cases. A relative length for each of these measurements was then calculated in order to 

compare chromosomes among the different species. 

The karyotypes of all ten species and one hybrid showed some similarities. The 

Alstroemeria chromosomes could be divided into two groups. The first group contained four or 

five pairs of meta~ntric, submetacentric or subtelocentric chromosomes of different sizes, some 

of which had satellites. The second group contained three or four pairs of acrocentric 

chromosomes, some with satellites. L ova/lei had four pairs of chromosomes in the first group 

and five pairs of acrocentric chromosomes, with three pairs carrying satellites. The Bomarea sp. 

had five pairs of chromosomes in the first group and four pairs of acrocentric chromosomes. All 

of the acrocentrics had satellites. 

The Giemsa banding patterns for each chromosome pair within the species and cultivar 

is also presented in order to aid in distinguishing among apparently homologous chromosomes 

of the various species. Some species and cultivars did not show any heterochromatic bands 

using the present Giemsa banding technique (Table 9.1 ). 
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Table 9.1. Plants used fa- karyolype analysis 
and Giemsa bancing 

Species Acquis- Karyotype Giemsa 
or ition analysis banding 

Cultivar number 

A. pelegrina 91H-1-1 Yes yes 
A. pulche/la #1 yes yes 
A. aurantiaca 86H-44-1 yes yes 
A. psittacina yes no 
A. ligtu spp. 86H-35-5 yes yes 
A. /igtu hyb 86H-21-3 yes yes 
A. chi/ensis 86H-40-1 yes yes 
A. sierrae 87H-24-3 yes yes 
A versicolor 92H-10-1 yes yes 
L ova/lei 89H-9-1 yes yes 
Bomarea spp 89H-10-1 yes yes 
'Ariza' yes no 
'Eureka' yes yes 
'Carmen' yes yes 
'Mona Lisa' yes yes 
'Neva' yes no 
. Pink Triumph yes yes 
'Rosita' yes yes 
· Orange Beauty' yes yes 
'Rosario' yes no 
'Orchid' yes yes 
'Appelbloesem' yes yes 
·orego' yes no 
· Red Surprise yes yes 
'Alnba' yes no 
· King Cardinal' yes yes 
'Luciana' yes no 
'Jubilee' yes no 
'Texas' yes no 
'Yellow King' yes yes 
·eanaria' yes yes 
'Marina' yes yes 
'Monika' yes yes 
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SPECIES 
A. pelegrina 

The average measurements of five cells of a single plant were calculated (Table 9.2) and 
these were then used to construct Table 9.3. These average measurements for each pair of 
chromosomes were then used to describe the karyotype of this species. A representative cell is 
shown in Fig. 9.1 a. This species exhibited the most common karyotype. It had four pairs of 
metacentric or submetacentric chromosomes and four pairs of acrocentric chromosomes. The 
largest pair of chromosomes in the first group was more than twice the length of the next largest 
chromosomes of the complement. The acrocentric chromosomes in the second group had very 
tiny short arms. Pairs number 5 and 7 had satellites which were of similar size to the short arms. 
Chromosome pair number 6 had the largest short arms of all the acrocentric chromosomes. 

Only limited Giemsa banding patterns were identified for this species using the present 
technique. Chromosome pair number 2 had two small black spots on either side of the 
centromere for both chromosomes of the pair (Fig. 9.1b.) 

A. pulchella 
The average measurements of five cells from a single plant were calculated (Table 9.4) 

and the average for each chromosome pair was then determined (Table 9.5). A representative 
cell is shown in Fig. 9.2a and the Giemsa banding pattern is presented in Fig 9.2b. 

This species had the common karyotype for A/stroemeria with four pairs of metacentric, 
submetacentric or subtelocentric chromosomes in the first group of the complement and four pairs 
of acrocentric chromosomes in the second group. Satellites were found on one or both 
chromosomes of three of the acrocentric chromosome pairs. 

All chromosome pairs, except number 2, had heterochromatic bands. These varied from 
small spots on the distal end of the chromosome arms to more defined bands across both 
chromatids. There was some heteromorphy with respect to band location between chromosomes 
of some of the pairs. For example, for chromosome pair 4 one chromosome had a .... 
heterochromatic band on the long arm close to the centromere while the other chromosome of 
the pair had a band which was halfway along the length of the long arm. In chromosome pair 
6 only one chromosome of the pair showed heterochromatic regions. 
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Table 9.2. Average measurements of chromosomes of A. pelegrina 

Chrome-
some L* S* 

µ. µ. 

1 13.9 13.5 
2 13.3 12.l 
3 7.5 6.1 
4 7.0 5.1 
5 4.2 3. 4 
6 3.8 3.1 
7 4.7 1.5 
8 4.4 l.5 
9 11.3 0.4 

10 10.9 0.6 
11 10.2 0.5 
12 9.7 0.6 
13 9.8 0.3 
14 9.3 0.3 
15 7.8 0.4 
16 7.5 0.3 

Table 9.3. Average 

Chrome-
some L* S* 
pair µ. µ. 

1 13.6 12.8 
2 '7.3 5.6 
3 4.0 3.3 
4 4.5 1.6 
5 11.1 0.5 
6 9.9 0.5 
7 9.6 0.3 
8 7.7 0.3 

*RL=Relative Length 
L = Long arm 
S = Short arm 
SAT=Satellite 

SAT* Total* RL* 
µ. µ. 

27.4 14.8 
25.4 13.7 
13.6 7.2 
12.1 6.5 
7.6 4.1 
6.9 3.7 
6.2 3. 3 
5.9 3.2 

0.2 11. 7 6.3 
0.2 11.5 6.2 

10.7 5.8 
10.3 5.6 

0.2 10.1 5.5 
0.4 9.6 5.2 

8.3 4.5 
7.8 4.2 

measurements of _. chromosome 
A. pelegrina. 

SAT* Total* RL* 
µ. µ. 

26.4 28.5 
12.7 13.7 
7.3 7.8 
6.1 6.6 

0.2 11. 6 12.6 
10.4 11. 3 

0.3 9.9 10.7 
8.0 8.7 

Total= Total length excluding satellite 

Centromere 
Ratio position 

1.03 m 
1.10 m 
1. 23 m 
1. 38 m 
1.21 m 
1.20 m 
3.00 st 
2.81 sm 

25.00 t 
19.54 t 
18.47 t 
15.88 t 
31. 74 t 
33.11 t 
17.75 t 
30.00 t 

pairs of 

Centromere 
Ratio position 

1.06 m 
1. 30 m 
1.21 m 
2.81 sm 

22.20 t 
19.80 t 
32.00 t 
25.67 t 
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Table 9.4. Average measurements of chromosomes of A. pulchella. 

Chromo- Centromere 
some L* S* SAT* Total* RL* Ratio position 

µ. µ. µ. µ. 

1 11.3 11.1 22.4 13.9 1.02 m 
2 10.7 10.6 21.2 13.2 1.01 m 
3 10.2 3.0 13.2 8.2 3.44 st 
4 9.8 2.9 12.7 7.9 3.37 st 
5 3.8 3.1 6.9 4.3 1.23 m 
6 3.5 3.2 6.7 4.1 1.09 m 
7 4.4 1.7 6.1 3.8 2.53 sm 
8 4.2 1. 7 6.0 3. 7 2.44 sm 
9 10.4 0.2 10.6 6.6 45.13 t 

10 9.8 0.1 9.9 6.2 65.13 t 
11 8.6 0.4 9.0 5.6 22.05 t 
12 7.8 0.1 0.7 7.9 4.9 65.08 t 
13 7.5 0.3 0.4 7.8 4.7 27.63 t 
14 7.2 0.4 0.2 7.7 4.8 16.02 t 
15 6.5 0.3 0.2 6.9 4.3 20.38 t 
16 6.0 0.4 6.4 4.0 14.26 t 

Table 9.5. Average measurements of chromosomes pairs of 
A. pulchella. 

Chromo- Centromere 
some L* 5* SAT* Total* RL* Ratio position 
pair µ. µ. µ µ 

1 11. 0 10.8 21.8 27.0 1.01 m 
2 10.0 2.9 12.9 16.0 3.41 st 
3 3.6 3.2 6.8 8.4 1.16 m 
4 4.3 1.7 6.0 7.5 2.48 sm 
5 10.l 0.2 10.3 12.7 53.05 t 
6 8.2 0.3 0.7 8.5 10.5 31.54 t 
7 7.3 0.4 0.3 7. 7 9.5 20.39 t 

. a 6.3 0.4 0.2 6.7 8.J 16.95 t 

*RL=Relative Length 
L = Long arm 
5 = Short arm 
SAT=Satellite 
Total= Total length excluding satellite 
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A. psittacina 
Five cells were photographed and used for measurements. The average measurements 

of these five cells were then calculated (Table 9.6) and used to determine the average 
measurements for each chromosome pair of the species (Table 9.7). These measurements were 
then used to describe the karyotype of this species. A representative cell is depicted in Fig. 9.3. 
No Giemsa bands were found for this species. 

A. psittacina had the same basic karyotype as the first two species. There were four pairs 
of metacentric, submetacentric or subtelocentric chromosomes in one group of the complement 
and four pairs of acrocentric chromosomes in the second group. Three pairs of acrocentric 
chromosomes had satellites on one chromosome of the pair. 

A. aurantiaca 
Observation of cells of each of the color variants of A. aurantiaca revealed no 

morphological differences between them. Consequently, only the results for the yellow-flowered 
variant are presented. Five cells were phctographed and measured and the average 
measurements are presented in Table 9.8. An average of these results for each chromosome 
was then calculated (Tabie 9.9) and used to describe the karyotype of this species. A 
representative cell is depicted in Fig. 9.4a and the Giemsa banding pattern is shown in Fig 9.4b. 

This species also had the same basic karyotype as the previous ones. There were four 
pairs of metacentric, submetacentric or subtelocentric chromosomes in one group of the 
chromosome complement and four pairs of acrocentric chromosomes in the second group. Two 
of the acrocentric chromosome pairs had small satellites. 

Giemsa banding revealed unique patterns for the chromosomes of this species. A I I 
chromosomes, except pair number 1, had heterochromatic regions. Chromosome pair 2 had a 
heterochromatic band at the distal end of the short arm as well as an occasional band at the 
distal end of the long arm. Chromosome pair 3 very distinctive with a wide heterochromatic band 
at the distal end of both arms of the chromosomes. Subtelocentric pair number 4 had a broad 
band at the distal end of the short arm with a narrower band often observ~ at the distal end of 
the long arm. A broad band was in the center of the long arm. The acrocentric chromosomes 
varied from a single narrow heterochromatic band on the long 



Table 9 . 6 . Average 

Chromo-
some L* S* 

µ. µ. 

1 12.8 12.1 
2 11. 8 11. 2 
3 12.1 3. 1 
4 11.3 3. 2 
5 4.4 3.8 
6 4. 0 3. 2 
7 5.2 1.9 
8 4.8 1.8 
9 11. 6 0.3 

10 11. 0 0.1 
11 8.9 0.6 
12 8.6 0.3 
13 8.3 0.4 
14 8.0 0.4 
15 7.2 0.4 
16 6.5 0.2 

Table 9. 7. Average 

Chromo-
some L* S* 
pair µ. µ. 

1 12.3 11. 7 
2 11. 7 3.2 
3 4. 2 3. 5 
4 5.0 1.8 
5 11. 3 0.2 
6 8.8 0.5 
7 8.2 0.4 
8 6.9 0.3 

*RL=Relative Length 
L = Long arm 
S = Short arm 
SAT=Satellite 
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measurements of chromosomes 

SAT* Total* RL* 
µ. µ. 

24.9 13.9 
23.0 12.9 
15.2 8.5 
14.5 8.1 
8.2 4. 6 
7.2 4.0 
7.1 4.0 
6.6 3.7 

11. 9 6.6 
11. 1 6.2 
9.5 5.3 

0.3 8.9 5.0 
0.3 8.7 4.9 

8.4 4.7 
7.6 4. 3 

0. 1 6.7 3.8 

measurements of chromosomes 
A. ps1ttacina. 

SAT* Total* RL* 
µ. µ. 

24.0 26.8 
14.9 16.6 
7.7 8.6 
6.8 7.6 

11. 5 12.8 
0.3 9.3 10.4 
0.3 8.6 9.6 
0.1 7.2 8.0 

Total= Total length excluding satellite 

of A. psir::.tacina. 

Cent.romere 
Ratio position 

1.05 m 
1.05 m 
3.90 st 
3.48 st 
1.16 m 
1. 23 m 
2.80 sm 
2.74 sm 

46.40 t 
109.80 t 

14.64 t 
27.00 t 
21. 31 t 
21. 05 t 
20.66 t 
28.22 t 

pairs of 

Centromere 
Ratio position 

1.05 m 
3.66 st 
1.20 m 
2.78 sm 

56.50 t 
17.60 t 
20.50 t 
23.00 t 
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Table 9 . 8 . Aver-age measurements of chromosomes o: .4 . a:..: r a:i ~2a :-~. 

Chrome- Cent.romere 
some L* S* SAT* Total* RL* Ratio position 

µ. µ. µ. µ. 

1 11.1 9.8 20.9 11. 3 1.13 m 
2 10.0 9.8 19.8 10.7 1.02 m 
3 7.8 5.6 13.4 7.2 1. 38 m 
4 6.6 4.6 11. 0 6.0 1. 44 m 
5 5.1 4.8 9.9 5.3 1.05 m 
6 4.9 4.7 9.6 5.2 1.04 m 
7 7.6 2.3 0.2 9.9 5.3 3.30 st 
8 6.6 2.3 8.9 4. 8 2.90 sm 
9 10.8 1.5 0.1 12.3 6.6 7.20 t 

10 10.4 0.4 0.1 1 0 .8 5.8 23.57 t 
11 10.0 0.6 10.6 5.7 17.86 t 
12 9.5 0.7 10.2 5.5 12.84 t 
13 9.6 0. 5 10.1 5.5 20.06 t 
14 9.2 0.2 9.4 5.1 48.37 t 
15 8.5 0.6 0.3 9. l 4.9 15.18 t 
16 8.3 0. J 0.2 8 .6 4.6 33.00 t 

Table 9 . 9 . Average measureme nts of chromosome pa i rs of 
A. auranti aca . 

Chrome- Centromere 
some L* S* SAT* Total* RL* Ratio position 
pairs µ. µ. µ, µ, 

1 10.5 9.8 2 0 .3 21. 9 1.07 m 
2 7.2 5.1 12.3 13.2 1. 40 m 
3 5.0 4.8 9.8 10.5 1.04 m 
4 7.1 2 . 3 0.2 9.4 10.1 3.09 st 
5 10.6 1.0 0.1 11. 6 11.5 10.89 t 
6 9.8 0.7 10.6 11.2 15.00 t 
7 9.4 0.3 9.7 10.5 27.70 t 
8 8.4 0.4 0.2 8.8 9.5 20.40 t 

*RL=Relative Length 
L = Long arm 
s = Short arm 
SAT=Satellite 
Total= Total length excluding satellite 
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arm of chromosome pair 6, the combination of a broad and a narrow band on the long arm. 
chromosome pairs 5 and 7, to a very broad band on the long arm as well as bands on the short 
arm and the satellites on chromosome pair 8. 

A. chilensis 
A total of five cells of a single plant of A. chilensis were photographed and measured. The 

average measurements for each chromosome were calculated (Table 9.10) and used to obtain 
average values for each chromosome pair (Table 9.11). A representative cell is shown in Fig. 
9.5a and the Giemsa banding pattern in Fig. 9.5b. 

The chromosomes of A. chilensis can be divided into two groups, as for the previous 
species. However, for this species there were five pairs of chromosomes in group one and only 
three pairs in group two. Group one chromosomes were metacentric, submetacentric or 
subtelocentric. whereas group two chromosomes were acrocentric. Satellites were on one 
chromosome each of pairs 3 and 5 and on both chromosomes of pairs number 6, 7 and 8. 

All of the chromosomes of this species revealed heterochromatic bands. Thin bands were 
on the proximal end of one arm of a chromosome of pair number 1 and both chromosomes of 
pair number 2. Chromosome pair number 3 had heterochromatic bands near the centromere of 
one arm and at the distal end of the other arm. Faint bands were at the distal end and near the 
centromere of one arm of chromosomes of pair 4 with a wide band in the middle of the other arm. 

The subtelocentric chromosome pair number 5 had the same relative length as the 
subtelocentric chromosome pair number 4 of A. aurantiaca. However, one chromosome of this 
pair in A. chilensis had a small satellite on the short arm. The distal half of the short arm of both 
chromosomes was heterochromatic with only faint bands in the middle of the long arm. This 
pattern of banding therefore distinguishes this chromosome pair from the similar shaped pair 
found in A. aurantiaca. 

Two heterochromatic bands were present on the long arms of the chromosomes of pairs 
number 6 and 7. The satelites of chromosome pair 8 were heterochromatic and two faint 
heterochromatic spots were in the proximal quarter of the long arm. 
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Table 9. 10: Average measureneni::s for A. C .. _: .2 -::= i~; S .5 • 

Chrome- Centromere 
some L* S* SAT* Total* RL* Ra':io position 

µ µ µ µ 

1 13.5 12.8 26.3 11. 1 1.02 rn 
2 13.0 10.9 23.9 10.0 l. 19 m 
3 11. 8 9.5 0.3 21. J 8.9 l. 24 m 
4 10.7 8.5 19.2 8.1 l. 26 m 
5 8. 1 6.7 14.8 6.2 l. 21 m 
6 7.8 7.0 14.8 6.2 1. 11 m 
7 7.7 6.4 14.1 5.9 1. 20 m 
8 6.3 5.8 12.1 5.1 1.09 m 
9 10.0 2. 5 0.2 12.5 5.3 4.00 st 

10 8. 3 3 . 1 11.4 4.8 2.68 s.n 
11 14.6 0.8 0.3 15.4 6.5 18.25 t 
12 12.3 0.3 0.9 12.6 5.3 41. 00 t 
13 10.9 1. 3 0.2 12.2 5. 1 8.38 t 
14 10.0 0.6 0.5 10.6 4.5 16.67 t 
15 9.8 0. 6 0.9 10.4 4.4 16.33 t 
16 6.3 0.4 0.9 6.7 2.8 15.75 t 

Table 9.11. Average measurements for chromosome pairs of 
A. c.'1.::.le.:sis . 

Chrome- Centromere 
some L* S* SAT* Total* RL* Ratio position 
pair µ µ µ µ 

1 13. 3 11. 9 25.2 21. 1 1. 12 m 
2 11. 3 9.0 0. 3 29.3 17.0 1. 3 6 m 
3 8.0 6.7 14.7 12.4 1.19 rn 
4 7.0 6.1 13.1 11.0 1. 15 m 
5 9.2 2. 8 0.2 12.0 10.1 3.29 st 
6 13.5 0.6 0.6 14. 1 11. 8 22.50 t 
7 10.5 1.0 0.3 11. 5 9. 6 10.50 t 
8 8.1 0.5 0.9 8.6 7.2 11.40 t 

*RL=Relative Length 
L = Long arm 
s = Short arm 
SAT=Satellite 
Total= Total length excluding satellite 



Figure 9.4a. A aurantiaca - acetocarmine stain b. A aurantiaca - Giemsa stain 
one subtelocentric covers the 
end of one acrocentric. 

Figure 9.5a A chilensis - acetocarmine stain b. A chilensis - Giemsa stain 
one acrocentric is missing 

Figure 9.6a. A /igtu - acatocarmine stain b. A /igtu - Giemsa stain 

Bar= 10µ 
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A. ligtu 
Five cells of a single plant of A. ligtu species were photographed and measured. The 

averages of these measurements were calculated (Table 9.12) and used to construct Table 9.1 3. 
These average chromosome values were then used to describe the karyotype of this species. 
A representative cell is shown in Fig. 9.6a and the Giemsa banding pattern is illustrated in Fig. 
9.6b. 

The general karyotype of this plant was similar to that for A. chi/ensis. There were two 
groups of chromosomes in the genome. The first consisted of five pairs of metacentric and 
submetacentric chromosomes and the second group had three pairs of acrocentric chromosomes. 
Satellites were found on one chromosome of each of pairs number 3 and 4, and both 
chromosomes of pairs number 6 and 8. 

The arrangement of the karyotype was slightly different between A. ligtu and A. chilensis. 
The smallest chromosome pair in A. chilensis was a subteocentric pair whereas in A. ligtu a 
submetacentric pair was the second smallest pair of group one. The relative lengths of each of 
these pairs in the two species was almost the same and the ratio of each was close to 3.0. 

Pair number 1 was about the same relative length as pair number 1 of A. chilensis and 
also had a thin heterochromatic band at the proximal end of one arm of one chromosome of the 
pair. Chromosome pair number 2 had a wide heterochromatic band in the middle of the shorter 
arm of the chromosome, with two narrow bands near the centromere of the longer arm. There 
were heterochromatic bands at the centromere of chromosome pair number 3 and a wider band 
near the distal end of the shorter arm. 

The satellite on one chromosome of pair number 4 was heterochromatic. A wide 
heterochromatic band was at the distal end of the short arm and a narrower band was at the 
cnetromere. A third band was faintly visible at the distal end of the long arm. Chromosome pair 
number 5 had five heterochromatic bands; near the centromere and the distal end of the one arm, 
two bands close together in the middle of the other arm, and a wider band at the distal end of this 
arm. 

Three heterochromatic bands were in the proximal half of the long arm of acrocentric 
chromosome pair number 6. Chrorriosome pairs number 7 and 8 had wide heterochromatic 
bands on the long arm and narrower bands at the centromeres. 
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Table 9.12. Average measurements of chromosomes of 
A. ligtu species. 

Chrome- Cent.romere 
some L* S* SAT* Total* RL* Ratio position 

µ. µ µ µ 

1 13.0 11. 7 24.7 11.1 1.11 m 
2 12.2 11.1 23.3 10.4 1.10 m 
3 9.3 8.8 18.1 8.1 1.06 m 
4 9.5 7.5 17.0 7.7 1.27 m 
5 6.6 5.0 11. 6 5.2 1. 32 m 
6 6.3 5.0 0.5 11. 3 5.1 1. 27 m 
7 8. 1 3.0 0.7 11.1 5.0 2.27 sm 
8 7.9 3.1 11. 0 4.9 2.57 sm 
9 5.6 5.2 10.8 4.8 1.06 m 

10 5.7 5.1 10.8 4.8 1.10 m 
11 13.6 0.7 0.2 14.3 6.4 19.69 t 
12 12.7 0.9 0.2 13.6 6.1 14.22 t 
13 11. 4 0.6 12.0 5.4 17.88 t 
14 11. 4 0.3 11.7 5.3 42.40 t 
15 9.5 0.3 0.4 9.8 4.4 10.79 t 
16 9.4 0.2 0.4 9.6 4.3 46.90 t 

Table 9.13. Average measurements of chromosome pairs of 
A. ligtu species. 

Chror.io- Centromere 
some L* S* SAT* Total* RL* Ratio position 
pair µ. µ. µ µ. 

1 12.6 11. 4 24.0 21. 5 1.11 m 
2 9.4 8.1 17.5 15.8 1.16 m 
3 6.4 5.0 0.5 11. 4 10.3 1.29 m 
4 8.0 3.0 0.7 11. 0 9.9 2.66 sm 
5 5.6 5.2 10.8 9.6 1.08 m 
6 13.1 0.8 0.2 13.9 12.5 16.60 t 
7 11.4 0.5 11. 9 10.7 24.87 t 
8 9.5 0.2 0.4 9.7 8.7 37.88 t 

*RL=Relative Length 
L = Long arm 
s = Short arm 
SAT=Satellite 
Total= Total length excluding satellite 
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A ligtu hybrid 
The average measurements of five cells from a single A. ligtu hybrid plant were taken 

(Table 9.14) and were used to calculate the average measurements for each chromosome pair 
in this plant (Table 9.15). These average measurements for the chromosome pairs were used 
to describe the karyotype. A representative cell is depicted in Fig. 9.7a and the Giemsa banding 
pattern is shown in Fig. 9. 7b. 

This hybrid plant had the same chromosome arrangement of its genome as A. ligtu 

species. There were five pairs of metacentric or submetacentric chromosomes in one group and 
three pairs of acrocentric chromosomes in the second group. Both chromosomes of pairs number 
3 and 4 had satellites but oniy one chromosome of pair number 5 had a satellite. In the second 
group both chromosomes of pair number 6 and one chromosome of pair number 7 had satellites. 

Chromosomes number 1, 3, 6, 9, 11, 12, 14 and 16 had almost the same relative lengths 
as similarly shaped chromosomes of A. ligtu. A narrow heterochromatic band was at the proximal 
end of the longer arm of chromsome 1 of A. ligtu hybrid, the same as that for chromosome 1 of 
A. ligtu. The banding pattern for chromosome number 3 of A. ligtu was similar as that found for 
chromosome 3 of A. ligtu. Chromosome number 6 of A. ligtu hybrid had a very similar banding 
pattern to the chromosomes of pair number 3 of A. ligtu with heterochromatic bands at the 
centromere, the distal end of one arm and the center of the other arm. 

Both chromosomes of pair number 4 of A. ligtu hybrid were of the same relative length 
and both carried small satellites. These chromosomes were similar to chromosome 8 of A. ligtu 
and had a similar pattern of heterochromatic bands, with a wide band close to the distal end of 
the short arm, a narrow band closer to the centromere and one or two bands near the distal end 
on the long arm. 

Chromosome number 9 of A. ligtu hybrid was almost the same as the chromosomes of 
pair number 5 of A. ligtu, however, a satellite was observed on the chromosome in the hybrid but 
not on those in the species. The banding pattern of the chromosome of A. ligtu hybrid was 
slightly different from that of the chromosomes in the species, with only a centromeric band and 
a wider band in the middle of the longer arm. 

Chromosomes number 11 and 12 of both species and hybrid were of the same relative 
length and similar shape, however, the heterochromatic bands were different. The 



111 

Table 9.14. Average measurements of chromosomes of 
A. ligtu hybrid. 

Chrome- Centromere 
some L* S* SAT* Total* RL* Ratio position 

µ. µ. µ. µ. 

1 12. 5 11. 6 23.1 10.9 1.07 m 
2 10.8 10.1 20.9 9.8 1.06 m 
3 9.9 7.3 17.2 8.1 1.35 m 
4 8.7 6.6 15.3 7.2 1. 32 m 
5 6.5 5.8 0.4 12.3 5.8 1.12 m 
6 6.1 5.2 0.4 11. 3 5.3 1.17 m 
7 7.6 2.5 0.4 10.1 4.7 3.04 st 
8 6.8 3. 3 0.3 10.1 4.7 2.10 sm 
9 5.4 5.0 0.3 10.4 4.9 1.10 m 

10 5.0 4.3 0.6 9.3 4.4 1.17 m 
11 13.1 0.6 0.5 13.7 6.4 22.60 t 
12 12. 5 0.4 0.5 12.9 6.1 32.05 t 
13 11.8 0.6 12.4 5.8 18.70 t 
14 11. 3 0.3 0.3 11.6 5.4 43.50 t 
15 10.3 0.6 10.9 5.1 16.27 t 
16 8.8 0.7 9.5 4.5 11.95 t 

Table 9.15. Average measurements of chromosome pairs of 
A. ligtu hybrid. 

Chrome- Centromere 
some L* S* SAT* Total* RL* Ratio position 
pair µ. µ. µ. µ. 

1 11.l 10.9 22.0 20.7 1.07 m 
2 9.3 7.0 16.3 15.3 1. 34 m 
3 6.3 5.5 0.4 11. 8 11.1 1.14 rn 
4 7.2 2.9 0.4 10.1 9.4 2.49 sm 
5 5.2 4.6 0.4 9.8 9. 3 1.13 m 
6 12.8 0.4 0. 5 13.2 12.5 26.15 t 
7 11. 5 0.4 0.3 11. 9 11. 4 25.66 t 
8 9.6 0.6 10.2 9.6 13.83 t 

*RL=Relative Length 
L = ·Long arm 
s = Short arm 
SAT=Satellite 
Total= Total length excluding satellite 



Figure 9. ?a. A. ligtu hybrid - acetocarmine stain b. A. ligtu hybrid - Giemsa stain 

Figure 9.8. A. sierrae - acetocarmine stain 

Figure 9.9. A. versicolor- Giemsa stain 

Bar= 10µ 
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banding pattern for A. ligtu hybrid revealed only a single band in the proximal one third of the 

long arm. Chromosome 14 of the hybrid was also the same relative length as chromosome 13 

of the species and the heterochromatic banding pattern was similar. with a band near the 

centromere and a wider band just distal to the first. The smallest acrocentric chromosome of A. 
/igtu hybrid was close in size to chromosome 15 of the species and had a similar pattern of two 

bands in the proximal portion of the long arm of the chromosome. 

The other chromosomes of A. ligtu hybrid could not be matched to those of the species 

and are presumed to be derived from the other parent of the hybrid. It is interesting to note the 

high level of similarity between the banding patterns of the chromosomes in each pair suggesting 

that the chromosomes of the other parent are very similar to those of A. ligtu species. 

A. sierrae 
Measurements were made on five cells of a single plant of A. sierrae. The average of 

these measurements for each chromosome in the complement (Table 9.16) were then used to 

calculate the average measurements for each chromosome pair (Table 9.17). These 

measurements were then used to describe the karyotype. A representative cell is depicted in Fig. 

9.8. No Giemsa banding patterns were observed using the present technique. 

Karyotype analysis indicated that this species had four pairs of metacentric, 

submetacentric and subtelocentric chromosomes in the first group of the complement. There 

were four pairs of acrocentric chromosomes in the second group, all four of which had satellites 

on both chromosomes of the pair. 

The interesting difference between this species and the other Alstroemeria is the presence 

of two submetacentric or subtelocentric pairs of chromosomes in group one. These were of a 

different relative length than any similar chromosomes and did not have any heterochromatic 

bands, unlike those of the other species. 

A. sierrae was the only species studied in which every acrocentric chromosome had a 

satellite. These satellites were quite large and were often larger than the short arm of the 

chromosome. 
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Table 9.16. Average measurements of chromosomes of 
A. sierrae. 

Chromo- Centromere 
some L* S* S.ll.T* Total* RL* Ratio position 

µ. µ. µ. µ. 

1 12.3 11. 6 23. 9 14.1 1. 06 m 
2 12.2 11. 6 23. 8 14.1 1. 06 m 
3 8.4 2.0 10.4 6.2 4.16 st 
4 8.4 2.1 10.5 6.2 4.07 st 
5 3.2 3. 1 6.4 3.7 1. 02 m 
6 2.9 2.6 5.5 3 . 3 1.12 m 
7 4.0 1. 6 5.6 3. 3 2.24 sm 
8 3.7 1. 6 5. 3 3. 1 2.27 sm 
9 11. 0 0.9 1. 6 11. 9 7.1 11.74 t 

10 10.5 0.9 0.6 11. 4 6.8 11.17 t 
11 9.8 1.0 0.8 10.8 6.4 9.89 t 
12 9.1 0.5 1.1 9.6 5.7 16.47 t 
13 8.8 0.7 0.6 9.5 5.6 13.06 t 
14 8.5 0.7 0.8 9.2 5.4 12.38 t 
15 7.2 0.6 0.6 7.8 4. 5 11.41 t 
16 6.8 0.6 0.9 7.4 4.4 10.75 t 

Table 9. 17. Average measurements of chromosome pairs of 
A. s1er.:-::ie. 

Chrome- Centromere 
some L* S* SAT* Total* RL* Ratio position 
pair µ. µ. µ. µ. 

1 12.3 11. 6 23.9 28.2 1. 06 m 
2 8.4 2.0 10 . 4 12.3 4.10 st 
3 3.0 2.9 5.9 7. 0 1.06 m 
4 3.8 1. 6 5.4 6.4 2.36 sm 
5 10.8 0.9 1.1 11. 7 13.8 11.46 t 
6 9.4 0.8 1.0 10.2 12.0 12.24 t 
7 8.6 0.7 0.8 9.3 11. 0 12.71 t 
8 7.0 0.6 0.7 7.6 8.9 10.75 t 

*RL=Relative Length 
L = Long arm 
s = Short arm 
SAT=Satellite 
Total= Total length excluding satellite 
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A. versicolor 
An average of measurements of each chromosome was made on five cells from a single 

plant (Table 9.18). The average measurements for each chromosome pair was then calculated 

(Table 9.19). These measurements were then used to describe the karyotype of this species. 

A representative cell and the Giemsa banding pattern is shown in Fig. 9.9. 

This species had the typical Alstroemeria karyotype. There were two groups of 

chromosomes in the complement. The first group had four pairs of metacentric and 

submetacentric chromosomes and the second group had four pairs of acrocentric chromosomes. 

Satellites were observed on chromosomes of both groups. 

Neither chromosome in pair number 1 had heterochromatic bands. A narrow band was 

near the middle of the longer arms of chromosomes in pair number 2 with a distal band on the 

shorter arm. Pair number 3 had a wide band in the middle of each arm. The submetacentric 

chromosomes of pair number 4 had a heterochromatic band near the middle of the short arm and 

a broader band in the middle of the long arm. Only faint scattered spots of heterochromatin were 

noted on the chromosomes of acrocentric pair number 5, while two distinct bands were in the 

proximal half of the chromosomes of pair 7. A single heterochromatic band was in the proximal 

quarter of the long arm of the chromosomes of pair 8. 

Leontochir ova/lei 
The karyotype of the genus Leontochir was quite similar to that for Alstroemeria. There 

were 2n=2x=18 chromosomes in L. ova/lei. They could be divided into two groups. The first 

group consisted of four pairs of metacentric or subtelocentric chromosomes. The second group 

consisted of five pairs of acrocentric chromosomes some of which carried satellites. The extra 

two chromosomes not found in the alstroemeria were in this second group. 

Measurements were made of chromosomes from five different cells of a single plant. The 

measurements were averaged for each chromosome (Table 9.20). An average measurement for 

each chromosome pair was then calculated (Table 9.21) and was used to describe the karyotype. 

A representative cell is shown in Fig. 1 0a and the Giemsa banding pattern is illustrated in Fig. 

10b. 
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Table 9.18. Average measurements of chromosomes of A. versicclor. 

Chroma- Centromere 
some L* S* SAT* Total* RL* Ratio position 

µ. µ. µ. µ, 

1 9.4 8.6 18.1 11. 2 1.08 m 
2 8.4 6.8 15.2 9.4 1. 26 m 
3 6.6 4.9 11. 5 7. 1 1. 35 m 
4 5.4 5.0 10.4 6.5 1.08 m 
5 4.9 4. 3 9.2 5.7 1.14 m 
6 4.7 4. 0 . 8.7 5.4 1.18 m 
7 5.5 2.8 8.3 5;1 1. 96 sm 
8 4.8 2.2 0.1 7.0 4.3 2.18 sm 
9 10.2 0.4 10.6 6.6 25.50 t 

10 10.0 0.2 10.2 6.3 50.00 t 
11 9.5 0.5 10.0 6.2 19.00 t 
12 9.2 0.1 9. 3 5.8 131.43 t 
13 8.5 0. 1 0.2 8.6 5.3 85.00 t 
14 8.4 0.01 8.4 5.2 840.00 t 
15 7.9 0.6 0.3 8.3 5.1 13.17 t 
16 6.5 0.2 0.3 6.7 4. 1 32.50 t 

Table 9.19. Average measurements of chromosome pairs of 
A. v2rsicolcr. 

Chroma- Centrornere 
some L* S* SAT* Total* RL* Ratio position 
pair µ, µ, µ, µ, 

1 8.9 7.8 16.7 20.6 1.14 m 
2 6.0 5.0 11. 0 13.6 1. 20 m 
3 4.8 4.2 9.0 11.1 1.14 m 
4 4.8 2.2 0. 1 7.7 9.4 2.08 sm 
5 10.1 0.3 10.1 12.9 33.67 t 
6 9.3 0.5 9.8 12.0 18.60 t 
7 8.5 0.1 0.2 8.6 10.5 141. 67 t 
8 7.2 0.4 0.3 7.6 9.2 18.00 t 

*RL=Relative Length 
L = Long arm 
s = Short arm 
SAT=Sa te -~lite 
Total= Total length excluding satellite 
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Table 9.20. Average measurements of chromosomes of 
Leontochir ovall ei . 

Chrome- Centromere 
some L* S* SAT* Total* RL* Ratio position 

µ µ µ µ 

1 6.7 5.9 12.6 7.0 1.14 m 
2 5.9 5.5 11.4 6.4 1.08 m 
3 5.0 4.0 9.0 5.0 1.25 m 
4 4.8 4.0 8.8 4.9 1.21 m 
5 7.5 1.2 8 . 7 4.9 6.29 st 
6 7.1 1.4 8.5 4.8 5.06 st 
7 6.8 1.5 8.3 4.6 4.57 st 
8 6.0 1. 7 7.7 4. 3 3.62 st 
9 11.8 0.6 12 . 4 6.9 20.26 t 

10 11.4 0.3 11.7 6.6 34.49 t 
11 10.7 0.6 11. 3 6.3 18.43 t 
12 10.6 0.5 0.3 11.1 6.3 20.06 t 
13 10.0 0.3 0.6 10.3 5.8 30.12 t 
14 9.4 0.5 9.9 5.6 19.26 t 
15 9.1 1.2 10.3 5.8 7.61 t 
16 8.7 1.2 9.9 5.6 7.01 t 
17 8.4 0.7 0.6 9.1 5.1 11. 32 t 
18 8.1 0.8 0.6 8.9 5.0 10.04 t 

Table 9. 21. Average measurements of chromosome pairs of 
Leon t ochi r ova l lei . 

Chrome- Centromere 
some L* S* SAT* Total* RL* Ratio position 
pair µ µ µ µ 

1 6.3 5.7 12.0 13.5 1.11 m 
2 4.9 4.0 8.9 10.0 1.23 m 
3 7.3 1. 3 8.6 9.6 5.6 st 
4 6.4 1. 6 8.0 8.9 4.06 st 
5 11. 6 0.5 12.1 13.5 25.15 t 
6 10.7 0.6 0.3 11. 3 12.6 19.03 t 
7 9.7 0.4 0.6 10.1 11. 3 23.63 t 
8 8.9 1. 2 10.1 11. 3 7.28 t 
9 8.3 0.8 0.6 9.1 10.1 10.59 t 

*RL=Relative Length 
L = Long arm 
s = Short arm 
SAT=Satellite 
Total= Total length exci.uding satellite· 
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Heterochromatic bands were on each chromosome of the complement of Leontochir 
ova/lei. The first two metacentric pairs had a small band at the distal end of each arm of the 
chromosomes while the subtelocentric chromosome pairs number 3 and 4 had a band at the 
distal end of the long arm only. 

The four pairs of acrocentric chromosomes had similar heterochromatic banding patterns 
with a wide band at the middle of the long arm of both of the chromosomes of each pair. The 
entire short arm of chromosomes of pair number 8 were heterochromatic. 

The largest pair of metacentric chromosomes in L ova/lei were only about half the size 
of many of the largest A/stroemeria metacentrics. 

Bomarea species 
The chromosome number for this genus was 2n=2x=18. The karyotype was similar to that 

for the Alstroemeria species. The chromosomes could be divided into two groups. There were 
five pairs of metacentric, submetacentric and subtelocentric chromosomes in the first group. The 
second group of chromosomes had four pairs of acrocentric chromosomes all of which had a 
satellite on one or both chromosomes of the pair. 

Measurements were made of chromosomes in five cells and average measurements for 
each chromosome were calculated (Table 9.22). Average measurements for each pair of 
chromosomes were then calculated (Table 9.23) and were used to describe the karyotype of this 
species. A representative cell is depicted in Fig. 9.11 a and the Giemsa banding pattern is shown 
in Fig. 9.11b. 

No heterochromatic bands were on chromosomes of pairs number 1, 4, 6 or 9. Thin 
heterochromatic bands were noted on the remaining chromosome pairs. Chromosome pair 
number 2 had a band at the proximal end of the long arm while the metacentric chromosomes 
of pair number 3 had a band in the middle of the long arm. The smallest submetacentric 
chromosomes also had a faint band at the proximal end of the long arm. The acrocentric 
chromosome pair 7 had two bands in the distal portion of the long arm of the chromosomes while 
chromosome pair number 8 had a thin band at the proximal end of the long arm. 

The largest metacentric chromosome pair was also quite small compared to the 
Alstroemeria species, although it was larger than the same pair in Bomarea. 
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Table 9.22. Average measurements of chromosomes of Bomarea spp . 

Chroma- Cen1:romere 
some L* S* SAT* Total* RL* Ratio position 

µ. µ. µ µ. 

1 5.9 4.7 10.6 8.7 1.25 m 
2 4.9 4.8 9.7 7.9 1.02 m 
3 6.1 1.7 7.8 6.4 3.59 st 
4 5.2 1. 6 6.8 5.6 3.25 st 
5 3.7 3.5 7.2 5.9 1.06 m 
6 2.9 2.6 5.5 4.5 1.11 m 
7 5.2 1.3 6.5 5.3 3.47 st 
8 4.5 1. 3 5.8 4.8 3.46 st 
9 3.2 1.4 4.6 3.8 2.29 sm 

10 2.7 1.1 3.8 3 .1 2.45 sm 
11 9.4 0.4 9.8 8.0 23.50 t 
12 7.8 0.4 0.1 8.2 6.7 19.50 t 
13 7.0 0.3 0.1 7.3 6.0 23.33 t 
14 6.2 0.6 0.2 6.8 5.6 10.33 t 
15 5.4 0.5 0.2 5.9 4.8 10.80 t 
16 4.9 0.3 0.2 5.2 4.3 16.73 t 
17 4.6 0.7 0.3 5.3 4.3 6.57 st 
18 4.6 0.6 5.2 4.3 7.67 t 

Table 9.23. Average measurements of chromosome pairs of 
Bomarea spp. 

Chroma- Centromere 
some L* S* SAT* Total* RL* Ratio position 
pair µ µ µ µ. 

1 5.4 4.7 10.1 16.6 1.15 m 
2 5.7 1. 7 7.4 12.0 3.35 st 
3 3.3 3.1 6.4 10.4 1.06 m 
4 4.9 1. 3 6.2 10.1 3.73 st 
5 3.0 1. 3 4.3 6.9 2.30 sm 
6 8.6 0.4 0.1 9.0 14.7 21.50 t 
7 6.6 0.5 0.1 7.1 11. 6 13.20 t 
8 5.2 0.4 0.2 5.6 9. 1 13.00 t 
9 4.6 0.6 0.3 5.2 8.6 7.67 t 

*RL=Relativc Length . 
L = Long arm 
s = Short arm 
SAT=Satellite 
Total= Total length.excluding satellite 



Figure 9. 1 Oa. Leontochir ova/lei - acetocarmine stain b. L ova/lei - Giemsa stain 

Figure 9.11a. Bomarea species - acetocarmine stain b. Bomarea species - Giemsa 
stain 

Bar= 10µ 
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CULTIVARS 
The karyotypes and chromosome numbers of the cultivars varied widely. Each 

chromosome is discussed separately since individual chromosomes within each cultivar may have 
different origins. \/vhere it can be shown that more than one copy of a single genome is present 
within a cultivar the average values for the chromosome pairs of that genome were considered. 

The chromosomes were arranged into two groups. The first group contained all the metacentric, 
submetacentric or subtelocentric chromosomes and the second group contained all the 
acrocentric chromosomes. Chromosomes within each group were arranged in order of 
descending length. 

The Giemsa banding pattern of the chromosomes of the cultivars was used to help 
determine which of the possible species was the probable contributor to the each cultivar. In 
some cases, however, no Giemsa banding pattern could be determined using the present 
staining techniques (Table 9.1). 
Diploid cultivars 
A. · Canaria' 

The chromosome number of this cultivar was 2n=2x=16. The karyotype had nine 
metacentric or submetacentric chromosomes and seven acrocentric chromosomes. Five of the 
acrocentric chromosomes had small satellites on the short arms (Fig. 9.12a). Chromosome 
number 7 was very close to having a ratio which would classify it as acrocentric rather than 
subtelocentric . 

. Average measurement of five cells of a single plant (Table 9.24) were used to describe 
each chromosome of the genome. A representative cell is shown in Fig. 9.12a and Fig. 9.12b 
shows the Giemsa banding pattern. 
Chromosome 1: This metacentric chromosome had an average total length of 19.4µ and a 
relative length of 11. 7%. Small heterochromatic bands were at the distal end of each chromatid 
on both arms of the chromosome. 
Chromosome 2: The second largest chromosome was also a metacentric with an average total 
length of 18.9µ and a relative length of 11.4%. A small heterochromatic band was at the distal 
end of each chromatid of the shorter arm of this chromosome. 
Chromosome 3: The third metacentric chromosome had an average total length of 16.2µ and 
a relative length of 9.8%. A heterochromatic band was observed at the distal end of both of the 
chromosome arms. 
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Table 9.24. Average measurements of chromosomes of A. 'Canaria'. 

Chrome- Centromere 
some L* S* SAT* Total* RL* Ratio position 

µ µ µ µ 

1 10.6 a.a 19.4 11.4 1.21 m 
2 10.0 8.9 18.9 11.4 1.13 m 
3 9.1 7.1 16.2 9.8 1.28 m 
4 5.2 4.9 10.1 6.0 1.06 m 
5 7.6 1.8 9.4 5.7 4.22 st 
6 7.0 1.8 8.8 5.3 3.89 st 
7 5.5 0.8 6.3 3.8 6.90 st 
8 2.8 2.6 5.4 3.2 1.10 m 
9 3.2 1. 3 4.5 2.7 2.46 sm 

10 10.9 0.6 0.3 11. 5 6.9 19.89 t 
11 10.8 0.2 0.1 11. 0 6.6 54.00 t 
:i 2 10.3 0.4 0.2 10.3 6.4 25.75 t 
13 9.7 0.3 0.2 10.0 6.0 32.33 t 
14 8.7 0.3 9.0 5.4 29.00 t 
15 7.9 0.1 0.2 8.0 4.8 79.00 t 
16 7.1 0.3 7.4 4.4 23.67 t 

*RL=Relative Length 
L = Long arm 
s = Short arm 
SAT=Satellite 
Total= Total length excluding satellite 



123 

Chromosome 4: The metacentric chromosome 4 was much smaller than the first three 
metacentrics. It had an average total length of 10.1 µ and a relative length of 9.8%. There was 
a wide heterochromatic band at the distal end of each chromosome arm which was about ¼ the 

length of each arm. 
Chromosome 5: The fifth chromosome of this cultivar was a subtelocentric chromosome with an 
average total length of 9.4µ. The relative length was 5. 7%. There was a heterochromatic band 
at the distal end of each chromosome arm and a wide heterochromatic band in the middle of the 
long arm. This wide band covered about one third of the length of the chromosome arm. 
Chromosome 6: The second subtelocentric chromosome had an average total length of 8.8µ and 
a relative length of 5.3%. A faint heterochromatic band was visible on the distal end of the long 
arm of this chromosome. 
Chromosome 7: The smallest subtelocentric chromosome was much smaller than the first two. 
It had an average total length of 6.3µ and a relative length of 3.8%. There was no 
heterochromatic staining on this chromosome. 
Chromosome 8: The smallest metacentric chromosome had an average total length of 5.4% and 
a relative length of 3.2%. No heterochromatic bands were visible on this chromosome. 
Chromosome 9: The last chromosome in the first group of the genome was a small 
submetacentric. It had an average total length of 4.5µ and a relative length of 2. 7%. There was 
a small heterochromatic region at the distal end of each chromatid of the long arm of the 
chromosome. A second band was at the proximal end of the long arm near the centromere. 
Chromosome 10: The largest acrocentric chromosome had an average total length of 11 . 5µ and 
a relative length of 6.9%. This chromosome had a satellite which was about half the length of 
the short arm. There was a wide heterochromatic band beginning at the middle of the long arm 
of the chromosome and covering about one third of the length of the arm. A narrower band was 
just proximal to this band. 
Chromosome 11: The second acrocentric chromosome had a long arm which was almost the 
same size as that of chromosome 10. It had an average total length of 11. 0µ and a relative 
length of 6.6%. There was a narrow heterochromatic band at the distal end of the long arm, 
a wide band covering the middle third of the arm and a narrow band proximal to this. The small 
satellite was not heterochromatic. 
Chromosome 12: This acrocentric chromosome had a satellite which was about half the size of 
the short arm. Any heterochromatic areas on this chromosome were indistinct in this preparation. 



124 

The average total length of this chromosome was 10.3µ and the relative length was 6.4%. 
Chromosome 13: This chromosome had an average total length of 10.0µ and a relative length 
of 6.4%. The satellite was about the same size as the short arm. A broad heterochromatic band 
began at the middle of the long arm of the chromosome and covered about 1/aof the length of the 
arm. A narrow band was proximal to this. 
Chromosome 14: The fifth acrocentric chromosome of this genome had no satellite. It had an 
average relative length of 9.0µ and a relative length of 6.0%. There was a thin heterochromatic 
band just proximal to the middle of the long arm of this chromosome. 
Chromosome 15: This chromosome had a satellite which was about twice the length of the short 
arm. The average total length was 8.0µ and the relative length was 4.8%. No heterochromatic 
bands were apparent on this chromosome. 
Chromosome 16: The smallest acrocentric chromosome had an average total length of 7.4µ and 
a relative length of 4.4%. There was no satellite on this chromosome and no heterochromatic 
bands were visible. 

A 'Eureka' 
The chromosome number of this cultivar was 2n=2x=16. The average measurements of 

five cells of a single plant were used to describe the karyotype of this cultivar (Table 9.25). The 
karyotype consisted of eight metacentric, submetacentric or subtelocentric chromosomes and 
eight acrocentric chromosomes (Fig. 9.13a). The Giernsa banding pattern is shown in Fig. 
9.13b. 
Qhromosome 1: The largest metacentric chromosome had an average total length of 24.7µ and 
a relative length of 13.3%. There was no heterochromatic banding on this chromosome. 
Chromosome 2: The second metacentric chromosome had an average total length of 22.1 µ and 
a relative length of 11 .9%. No heterochromatic bands were visible on this chromosome. 
Chromosome 3: The average total length of this metacentric chromosome was 15.4µ and the 
relative length was 8.5%. There was a narrow heterochromatic band at the distal end of the 
shorter arm. 
Chromosome 4: The fourth metacentric chromosome of the genome had an average total length 
of 10.7µ and a relative length of 5.7%. There was a heterochromatic band at the distal end of 
each arm of the chromosome. 
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Table 9.25. Average measurements of chromosomes of A. 'Eureka'. 

Chroma- Centromere 
some L* S* SAT* Total* RL* Ratio position 

µ. µ. µ. µ. 

l 12.9 11. 8 24.7 13.3 1.09 m 
2 11. 3 10.8 22.1 11. 9 1.05 m 
3 8.9 6.5 15.4 8.3 1. 37 m 
4 5.4 5.3 10.7 5.7 1.01 m 
5 8.6 2.2 10.8 5.8 3.87 st 
6 7.4 2.2 9.6 5.2 3.37 st 
7 3.4 2.8 6.2 3.3 1.22 m 
8 3.9 1.4 5.3 2.9 2.69 sm 
9 12.2 0.6 12.8 6.9 20.33 t 

10 11.1 0.5 0.2 11. 6 6.3 22.20 t 
11 10.5 0.3 0.4 10.8 5.8 35.00 t 
12 9.9 0.4 0.3 10.3 5.6 24.75 t 
13 9.4 0.4 0.2 9.8 5.3 23.50 t 
14 9.0 0.2 0.4 9.2 5.0 45.00 t 
15 7.8 0.4 8.2 4.4 19.50 t 
16 6.4 0.5 6.8 3.7 12.80 t 

*RL=Relative Length 
L = Long arm 
s = Short arm 
SAT=Satellite 
Total= Total length excluding satellite 



Figure 9.12a. A 'Canaria' - acetocarmine stain b. A ' Canaria' - Giemsa stain 

Figure 9.13a. A 'Eureka' - acetocarmine stain b. A ' Eureka - Giemsa stain 

Figure 9.14a. A ' Orchid' - acetocarmine stain b. A 'Orchid' - Giemsa stain 
Both large metacentric chromosomes are broken. 

Bar= 10µ 
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Chromosome 5: The largest subtelocentric chromosome had an average total length of 10.8µ 
and a relative length of 5.8%. Heterochromatic bands were at the distal end of both arms of the 
chromosome. The long arm also had a broad heterochromatic band covering the middle third of 
the length of the chromosome. 
Chromosome 6: The other subtelocentric chromosome of this genome had an average total 
length of 9.6µ and a relative length of 5.2%. There was a narrow heterochromatic band at the 
proximal end of the short arm near the centromere. 
Chromosome 7: This metacentric chromosome had an average total length of 6.2µ and a relative 
length of 3.3%. There were no heterochromatic bands on this chromosome. 
Chromosome 8: The smallest chromosome in group one was the smallest of all the 
chromosomes in the genome with an average total length of 5.3µ. The relative length was 2.9%. 
This submetacentric chromosome had a heterochromatic band at the centromere. 

Chromosome 9: The largest acrocentric chromosome had an average total length of 12.8% and 
a relative length of 6. 9%. This chromosome had the largest short arm of all the acrocentric 
chromosomes of the genome and did not have a satellite. A broad heterochromatic band began 
at the middle of the long arm and covered about ¼ of the length of the arm. A narrow 
heterochromatic band was proximal to this. 
Chromosome 10: This acrocentric chromosome had a satellite which was less than half the 
length of the short arm. The average total length of the chromosome was 11 .6µ and the relative 
length was 6.3%. There was a broad heterochromatic band from the middle of the long arm of 
the chromosome covering about ¼ of it's length and a narrow band proximal to this. 
Chromosome 11: The third chromosome of the second group was an acrocentric with an average 
total length of 10.8µ and a relative length of 5.8%. The satellite on this chromosome was about 
the same size as the short arm. A broad heterochromatic band was at the middle of the long 
arm of the chromosome and covered about 113 of the length of the arm. 
Chromosome 12: This chromosome had an average total length of 10.3µ and a relative length 
of 5.6%. The satellite was about the same size as the short arm. A narrow heterochromatic 
band was at the proximal end of the long arm of the chromosome but near the middle of the arm. 
Chromosome 13: This was an acrocentric chromosome with an average total length of 9.8µ and 
a relative length of 5.3%. The satellite was about half the size of the short arm. There were no 
heterochromatic bands on this chromosome. 
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Chromosome 14: The fifth acrocentric chromosome had an average total length of 9.2µ and a 
relative length of 5.0%. The satellite was about twice the length of the short arm. There was a 
thin heterochromatic band at the proximal end of the short arm of the chromosome. 
Chromosome 15: This small acrocentric chromosome had an average total length of 8.2µ and 
a relative length of 4.4%. There was no satellite on this chromosome. No heterochromatic 
bands were visible on this chromosome. 
Chromosome 16: The smallest acrocentric chromosome had an average total length of 6. 8µ and 
a relative length of 3. 7%. No satellite was on this chromosome and there were no 
heterochromatic regions. 

A. ·orchid' 
This cultivar had a chromosome number of 2n=2x=16. Average measurements were 

calculated from measurements of five cells from a single plant (Table 9.26). These 
measurements were used to describe the karyotype of this plant. This cultivar had eight 
chromosomes in the first group of metacentric, submetacentric or subtelocentric chromosomes. 
There were eight acrocentric chromosomes in the second group. This was a similar karyotype 
to the other two diploid cultivars. Four of the acrocentric chromosomes had satellites (Fig. 9.14a). 
Heterochromatic bands are illustrated in Fig. 14b. 
Chromosome 1: The largest metacentric chromosome of this cultivar had an average total length 
of 19.6µ and a relative length of 12.5%. There were no heterochromatic bands on this 
chromosome. 
Chromosome 2: This metacentric chromosome was almost the size of the largest chromosome 
of the genome. It had an average total length of 17.0µ and a relative length of 10.9%. There 
were no heterochromatic bands on this chromosome. 
Chromosome 3: This chromosome was much smaller than the first two. The average total length 
of this chromosome was 13.3µ and the relative length was 8.5%. This was a metacentric 
chromosome which had two heterochromatic bands at the distal end of the shorter arm. One 
band was located right at the end of the arm and the second band was narrower and located just 
proximal to the first one. 
Chromosome 4: This metacentric chromosome had one arm much shorter than the other. The 
average total length was 11 .7µ and the relative length was 8.5%. There was a broad 
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Table 9.26. Average measurements of chromosomes of A. 'Orchid'. 

Chrome- Centromere 
some L* S* SAT* Total* RL* Ratio position 

µ. µ. µ. µ. 

1 10.2 9.4 19.6 12.5 1.09 m 
2 9.7 7.3 17.0 10.9 1. 33 m 
3 7.8 5.5 13.3 8.5 1.42 m 
4 7.2 4.5 11. 7 7.5 1.61 m 
5 7.0 1. 7 8.7 5.6 4.12 st 
6 6.4 1. 6 8.0 5.1 4.00 st 
7 2.8 2.5 5.3 3.4 1.12 m 
8 3.3 1.2 4.5 2.9 2.75 sm 
9 10.1 0.2 0.1 10.3 6.6 50.50 t 

10 9.6 0.3 0.4 9.9 6.3 32. 00 t 
11 9.4 0.5 0.2 9.9 6.3 18.80 t 
12 9.4 0.5 0.6 9.9 6.3 18.80 t 
13 7.8 0.4 8.2 5.2 19.50 t 
14 7.3 0.5 7.8 5.0 14.60 t 
15 6.5 0.4 6.9 4.4 16.25 t 
16 5.4 0.2 5.6 3. 6 27.00 t 

*RL=Relative Length 
L = Long arm 
s = Short arm 
SAT=Satellite 
Total= Total length excluding satellite 
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heterochromatic band at the distal end of both arms of the chromosome and small 
heterochromatic region on each chromatid at the centromere. 
Chromosome 5: The largest of the two subtelocentric chromosomes had an average total length 
of 8.7µ and a relative length of 5.6%. There was a broad heterochromatic band at the distal end 
of the short arm covering about 1/a of the arm. A thin band was at the distal end of the long arm 
as well as a broad band from the middle of the arm, covering about 113 of the arm length. There 
was a heterochromatic region on each chromatid at the centromere. 
Chromosome 6: The second subtelocentric chromosome had an average total length of 8.0µ 
and a relative length of 5.1 %. The short arm was entirely heterochromatic. There was a narrow 
heterochromatic band at the distal end of the long arm of the chromosome. 

Chromosome 7: This was the smallest metacentric chromosome in the genome. It had an 
average total length of 5.3µ and a relative length of 3.4%. There was a small heterochromatic 
region on both chromatids of the chromosome at the centromere. 
Chromosome 8: The tiny submetacentric chromosome was the smallest chromosome in the 
genome. The average total length was 4.5µ and the relative length was 2.9%. A small 
heterochromatic region was on both chromatids at the centromere. 
Chromosome 9: The largest acrocentric chromosome in the genome had an average total length 
of 10.3µ and a relative length of 6.6%. The satellite was about half the size of the short arm 
and appeared to be heterochromatic. There were two heterochromatic bands on the long arm. 
A broad band started at the middle of the chromosome and covered about ¼ the length of the 
arm. A narrower band was proximal to the broad band. 

Chromosome 10: This acrocentric chromosome had an average total length of 9.9µ and a 
relative length of 6.3%. The satellite was about the same size as the short arm. There was a 
narrow heterochromatic band at the proximal end of the long arm of the chromosome as well as 
a broad band in the middle of the arm. This band covered about Va of the length of the 
chromosome arm. 
Chromosome 11 : There was a small satellite on this acrocentric chromosome that was about half 
the size of the short arm. The average total length of this chromosome was 9. 9µ and the relative 
length was 6.3%. The short arm of this chromosome was heterochromatic. There was a 
heterochromatic band at the proximal end of the long arm of the chromosome and another band 
just proximal to the mid-point of the chromosome arm. 
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Chromosome 12: The fourth acrocentric chromosome had a satellite about the size of the short 
arm. The average length of this chromosome was 9.9µ and the relative length was 6.3%. This 
chromosome had the same shape and size as chromosome 11. There was a much larger 
satellite on this chromosome, however, and the heterochromatic bands were different. The 
satellite was heterochromatic and there was a thin heterochromatic band at the proximal end of 
the long arm. There was a broad band starting at the middle of the arm and covering about ¼ 
of the length of the arm. Another thin heterochromatic band was proximal to this broad band. 
Chromosome 13: This acrocentric chromosome had an average total length of 8.2µ and a 
relative length of 5.2%. There were no satellites on this chromosome and no heterochromatic 

bands were visible. 
Chromosome 14: The sixth acrocentric chromosome was similar in size to chromosome 13. The 
average total length of this chromosome was 7.8µ and the relative length was 5:0%. No 
satellites were on this chromosome. There was a thin heterochromatic band at the proximal end 
of the long arm of the chromosome. 
Chromosome 15: This acrocentric chromosome had an average total length of 6.9µ and a 
relative length of 4.4%. There was a thin heterochromatic band at the proximal end of the long 
arm of the chromosome. 
Chromosome 16: The smallest acrocentric chromosome had an average total length of 5.6µ and 
a relative length of 3.6%. There was a thin heterochromatic band at the proximal end of the long 
arm of the chromosome. 

Triploid Cultivars 
The relative lengths of these chromosomes was determined by multiplying the average 

lengths by a conversion factor. This factor was determined by dividing 150 by the total length of 
the whole genome since the cells of the triploid cultivars contained 1 ½ times the chromosome 
number of the diploid species and cultivars. Measurements were made of five cells of a single 
plant of each cultivar and these were then averaged to determine the average lengths of each 
chromosome, and long arms, short arms and satellites. 
A. · King Cardinal' 

The average measurements of the chromosomes of this cultivar (Table 9.27) were used 
to describe the karyotype. This cultivar had twelve metacentric, submetacentric or subtelocentric 
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chromosomes in one group and twelve acrocentric chromosomes in the second group (Fig. 
9.15a). The Giemsa banding pattern is shown in Fig. 9.15b. 
Chromosome 1: This large metacentric chromosome had an average total length of 27.3µ and 
a relative length of 14.4. No heterochromatic bands were on this chromosome. 
Chromosome 2 : This metacentric chromosome had an average total length of 23.0µ and a 
relative length of 12.2. The primary constriction was in the median region very close to the 
median point. No heterochromatic bands were visible on this chromosome. 
Chromosome 3: The third metacentric chromosome had a total length of 21 .5µ and a relative 
length of 11.4. There were no heterochromatic bands on this chromosome. 
Chromosome 4: This medium-sized metacentric chromosome had an average total length of 
16.4µ and a relative length of 8.7. The shorter arm of this chromosome was much shorter than 
the longer arm. There was a narrow heterochromatic band on the shorter arm close to the 
centromere. 
Chromosome 5: The first of the two subtelocentric chromosomes of this genome had an average 
total length of 15.2µ and a relative length of 8.0. There was a heterochromatic band at about 
the middle of the long arm. 
Chromosome 6: The largest of the submetacentric chromosomes had an average total length 
of 12.1 µ and a relative length of 6.4. The longer arm of this chromosome was shorter than the 
arms of the largest three metacentrics. The short arm of this chromosome had a heterochromatic 
band which covered half of it's width at the distal end. There was a narrow heterochromatic band 
at the distal end of the long arm of the chromosome as well as a broad band. This broad band 
covered about half of the length of the arm from just before the middle of the arm towards the 
distal end. 
Chromosome 7: The fifth pair of metacentric chromosomes had an average total length very 
close to that of chromosome 6. The average total length was 11.6µ and the relative length was 
6.1. Broad heterochromatic bands were at the distal end of both arms of the chromosome. 
Chromosome 8: This metacentric chromosome had an average total length of 10.9µ and a 
relative length of 5.8. No clear heterochromatic bands were identified on this chromosome. 
Chromosome 9: This chromosome was metacentric with an average total length of 8.2µ and a 
relative length of 4.3. There were no heterochromatic bands on this chromosome. 
Chromosome 10: The second subtelocentric chromosome had an average total length of 7.0µ 
and a relative length of 3.7. A heterochromatic band was at the centromere. 
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Table 9.27. Average measurements of chromosomes of 
A. 'King Cardinal'. 

Chromo-
some 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

L* 
µ. 

14.8 
11. 6 
11.1 
10.0 
11. 8 
8.9 
7.0 
5.8 
4.4 
5.6 
4.3 
3.1 

12.4 
11.6 
10.9 
10.4 
10.2 
9.9 
9.1 
8.9 
8.6 
8.0 
7.4 
7.1 

S* 
µ. 

12.5 
11. 4 
10.4 

6.4 
3.4 
3.2 
4.6 
5.2 
3.8 
1. 4 
1.7 
2.7 
0.5 
0.5 
0.6 
0.4 
0.1 
0.3 
0.7 
0.5 
0.4 
0.3 
0.3 
0.3 

SAT* 
µ. 

0.3 

Total* 
µ. 

27.3 
23.0 
21.5 
16.4 
15.2 
12.1 
11.6 
10.9 
8.2 
7.0 
6.0 
5.8 

12.9 
12.1 
11. 5 
10.8 
10.3 
10.2 
9.8 
9.4 
9.0 
8.3 
7.7 
7.4 

RL* 

14.4 
12.2 
11. 4 
8.7 
8.0 
6.4 
6.1 
5.8 
4.3 
3.7 
3.2 
3 .1 
6.8 
6.4 
6.1 
5.7 
5.4 
5.4 
5.2 
5.0 
4.8 
4.4 
4. 1 
3.9 

Ratio 

1.18 
1.01 
1.06 
1.56 
3.51 
2.80 
1. 52 
1.11 
1.16 
4.00 
2.53 
1.15 

24.80 
23.20 
18.12 
18.22 

102.00 
33.00 
13.00 
17.80 
21. 50 
26.67 
24.67 
23.67 

*RL=Relative Length with a total genome length of 150%. 
L = Long arm 
S = Short arm 
SAT=Satellite 
Total= Total length excluding satellite 
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Chromosome 11 : This small submetacentric chromosome one of the two smallest chromosomes 
in the genome. It had an average total length of 6.0µ and a relative length of 3.2. There was a 
heterochromatic band in the middle of the short arm of the chromosome. 
Chromosome 12: The smallest chromosome of group one was the smallest chromosome of the 
whole genome. This metacentric chromosome had an average total length of 5.8µ, almost the 
same size as the submetacentric chromosome 11. The relative length of this chromosome was 
3.1. No heterochromatic bands were located on this chromosome. 
Chromosome 13: The largest acrocentric chromosome was less than half the size of the largest 
metacentric in the genome. It had an average total length of 12.9µ and a relative length of 6.8. 
A broad heterochromatic band was at the middle of the long arm of the chromosome that covered 
about 1/a of the length of the chromosome. Another heterochromatic region was located at the 
proximal end of the long arm near the centromere. 
Chromosome 14: This acrocentric chromosome had an average total length of 12.1µ and a 
relative length of 6.4. There was a narrow heterochromatic band at the distal end of the long arm 
of this chromosome as well as a faint band at the proximal end near the centromere. There was 
a broad band in the distal half of the arm covering about half the arm's length. There was a 
narrow band proximal to this broad band. 
Chromosome 15: The average total length of this acrocentric chromosome was 11.5µ and the 
relative length was 6.1. No heterochromatic bands were identified on this chromosome. 
Chromosome 16: This acrocentric chromosome had an average total length of 10.8µ and a 
relative length of 5.7. There was a heterochromatic band about 1/a the distance along the length 
of the long arm at the proximal end. 
Chromosome 17: The fifth acrocentric chromosome had a tiny short arm. This chromosome had 
an average total length of 10.3µ and a relative length of 5.4. No heterochromatic bands were 
identified on this chromosome. 
Chromosome 18: This acrocentric chromosome was almost the same average total length as 
chromosome 17. It had a much larger short arm however. There was a heterochromatic band 
in the middle of the long arm of the chromosome and another band at the distal end of the short 
arm. 
Chromosome 19: This was the only acrocentric which had a satellite. The satellite was about 
half the size of the short arm. The average total length was 9.8µ and the relative length was 5.2. 
There appeared to be a heterochromatic band at the distal end of the short arm. 
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Chrorrosome 20: The average total length of this aaocentric dlrorrosome was 9.4µ and the 
relative length was 5.0. No heterochromatic bands were revealed on this dlrorrosome. 
Chrorrosorre 21: This aaocentric dlrorrosome had an average total length of 9.0µwiht a relative 
length of 4.8. There was a heterochromatic band at the distal end of the long arm and the short 
ann appeared to be heterodlromatic. 
Chrorrosome 22: This dlrorrosome was an aaocentric 'Mth an average total length of 8.3µ and 
a relative length of 4.4. There was a 1Mde heterodlromatic band near the rriddle of the long ann 
of the dlrorrosome and a narrow band at the distal end. 
Chrorrosome 23: The average relative length of this aa-ocentric dlrorrosome was 7.7µ. It's 
relative length was 4.1. There was a heterodlromatic band at the distal end of the long ann of 
the dlrorrosome and a faint band at the proximal end. The short ann was only faintly 
heterochromatic. 
Chrorrosome 24: The smallest aa-ocentric dlrorrosome had an average total length of 7.4µ and 
a relative length of 3.9. The short ann of the dlrorrosome was heterodlromatic. 

A 'Marina' 
The dlrorrosome nurroer for A · Marina' was 2n=3:x=24. The average measurements for 

five cells of a single plant (Table 9.28) were used to desaibe the karyotype of this cultivar. The 
karyotype had twelve metacentric, submetacentric and subtelocentric dlrorrosomes in one group 
of the genome and twelve aa-ocentric dlrorrosomes in group too (Fig. 9.16a). The Giemsa 
banding pattern is shOMl in Fig. 9.16b. Six of the aa-ocentric dlrorrosomes carried satellites. 
Chrorrosorre 1: This metacentric dlrorrosome had an average total length of 20.4µ and a 
relative length of 13.5. The primary constriction was in the median region dose to the median 
point. There were no heterochromatic bands on this dlrorrosome. 
Chrorrosome 2: The second metacentric dlrorrosome was slightly smaller than the first. It had 
an average total length of 18.8µ and a relative length of 12.4. The primary constriction was in 
the median region. No heterochromatic regions were evident on this dlrorrosome. 
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Table 9.28. Average measurements of chromosomes of A. 'Marina'. 

Chroma- Cent:romere 
some L s SAT Total RL* Ratio position 

µ. µ. µ. µ. 

1 10.3 10.1 20.4 13.5 1.02 m 
2 9.8 9.0 18.8 12.4 1.10 m 
3 9.3 8.7 18.0 11.9 1.07 m 
4 10.2 2.8 13.0 8.6 3.64 st 
5 6.8 4.7 11.5 7.6 1. 45 srn 
6 6.7 4.0 10.7 7.0 1.68 m 
7 7.4 2.7 10.0 6.6 2.74 sm 
8 4.5 4.1 8.6 5.7 1.10 m 
9 3.6 2.7 6.2 4.1 1. 33 m 

10 4.4 1.2 5.6 3.7 3.67 st 
11 3.4 1.1 4. 5 3.0 1.55 sm 
12 2.4 2.1 4.5 3.0 · 1.14 m 
13 9.9 0.6 10.5 6.9 16.50 t 
14 9.4 0.2 9.6 6.3 47.00 t 
15 9.1 0.5 0.8 9.6 6.3 18.20 t 
16 8.7 0.3 0.2 9.0 6.0 29.00 t 
17 8.2 0.4 8.7 5.7 20.50 t 
18 8.0 0.6 8.6 5.7 13.33 t 
19 7.5 0.2 7.7 5.1 37.50 t 

20 7.0 0.2 7.2 4.7 35.00 t 
21 6.5 0.3 0.6 6.8 4.5 21. 67 t 
22 6.1 0.1 0.5 6.2 4.1 61. 00 t 
23 5.3 0.2 0.2 5.5 3.6 26.50 t 
24 4.9 0.3 0.2 5.2 3.4 16.33 t 

*Relative Length with a total genome length of 150%. 
L = Long arm 
s = Short arm 
Total excluding satellite 



Figure 9.15a. A · King Cardinal' - acetocarmine stain b. A · King Cardinal' -
Giemsa stain 

several chromosomes have been 
washed away. 

Figure 9.16a. A 'Marina' - acetocarmine stain b. A 'Marina' - Giemsa stain 
Medium metacentric is broken 

Figure 9.17a. A ·yellow King' - acetocarmine stain b. A 'Yellow King - Giemsa 
stain 

Bar= 10µ 
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Chrorrosome 3: This chromosome was also metacentric and was dose in size to chrorrosome 
number 2. The average total length was 18.0µ and the relative length was 11.9. There VJere 
no heterod1romatic bands present on this chrorrosome. 
Chrorrosome 4: The fourth chromosome in the genome was a large subtelocentric wth an 
average total length of 13.0µ. The relative length of this chromosome was 8.6. No 
heterochromatic bands or regions were revealed wth Giemsa banding. 
Chrorrosome 5: The largest of the three submetacentric chrorrosomes of this genome had an 
average total length of 11.5µ and a relative length of 7 .6. There were small heterochromatic dots 
on the proximal end of the long arm next to the centromere. 
Chrorrosome 6: This metacentric chrorrosome had an average total length of 10.7µ and a 
relative length of 7.0. The shorter arm had a heterochromatic band at the distal end and a 
heterochromatic dot on each chromatid proximal to the first band at about one third of the length 
of the ann. 
Chrorrosome 7: The next largest chromosome in the genome was the second submetacentric. 
It had an average total length of 10.0µ and a relative length of 6.6. This chrorrosome had tm 
broad heterochromatic bands and one narrow one. The narrow band was at the distal end of the 
long arm. The middle 113 of the chrorrosome was also heterochromatic as was the distal half of 
the short ann. 
Chrorrosome 8: The fifth metacentric chromosome was less than half the size of the first three 
metacentrics. It had an average total length of 8.6µ and a relative length of 5.7. There \Nere 
heterochromatic bands at the distal end of both chromosome arms. 
Chrorrosome 9: The next metacentric chrorrosome had an average total length of 6.2µ and a 
relative length of 4.2. No heterochromatic bands \Nere visible on this chromosome. 
Chrorrosome 1 0: The second subtelocenbic chrorrosome was less than half the size of the first 
one. It had an average total length of 5.6µ and a relative length of 3.7. No heterochromatic 
bands were visible on this chrorrosorne. 
Chrorrosome 11: The last submetacentric chrorrosome was one of the smallest chrorrosomes 
in the genorre. It had an average total length of 4.5µ and a relative length of 3.0. There \Nere 
no heterodlromatic regions along the length of this chromosorre. 
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Chrorrosome 12: The smallest metacentric chrorrosome was the same size as the smallest 
submetacentric. It had an average total length of 4.5µ and a relative length of 2.9. No 
heterochrorratic regions could be discerned on this chrorrosome. 
Chromosorre 13: The largest acrocentric chromosome had an average total length of 10.5µ, 

about half the size of the largest chromosome in the genome. It had one of the largest short 
arms of any of the chromosomes of this group. A heterochrorratic band was located just proximal 
to the rriddle of the long ann of the chrorrosome. 
Chrorrosome 14: The second acrocentric chrorrosome had an average total length of 9.6µ and 
a relative length of 6.3. It had a very short short arm and no satellites \Nere present. There was 
a heterochrorratic band proxirral to the rriddle of the long ann of the chromosome. 
Chrorrosome 15: This acrocentric chromosome carried a very large satellite. The chrorrosome 
had the same average total length as chromosome 14 at 9.6µ, but had a shorter long arm and 
a longer short arm than the latter. The relative length of this chrorrosome was 6.3. There was 
a broad heterochromatic band starting at the rriddle of the long ann of the chrorrosome and 
covering about half of the distal half of the arm . .Another, narro\Ner, band was proxirral to the 
broad band. 
Chrorrosome 16: The satellite on this aa-ocentric chromosome was rruch srraller than on 
chrorrosome number 15. The chromosome had an average total length of 9.0µ and a relative 
length of 6.0. There was a broad heterochromatic band from the middle of the long ann of the 
chrorrosome and covering about½ of the distal half of the ann. A second narrow band was 
proximal to this. The satellite had heterochromatic dots. 
Chrorrosome 17: This aa-ocentric chrorrosome had an average relative length of 8. 7µ and a 
relative length of 5.7. There was a broad heterochromatic band covering the middle one 113 of the 
long ann of the chromosome and a narrow band just proximal to this. The short arm also 
appeared to be heterochromatic. 
Chrorrosome 18: The sixth aa-ocentric chrorrosome had about the same average total length 
as chromosome nurrcer 17. It's length was 8.6µ and the relative length was 5.7. Faint 
heterochrorratic regions appeared to be near the rriddle of the long ann and on the short ann 
but these \Nere indistinct. The short ann of this chromosome was the largest of any of the 
aa-ocentric chromosomes. 
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Chrorrosorre 19: The next aaocentric dlromosorre was rrudl smaller than the previous one 
with an average total length of 7. 7 µ and a relative length of 5. 1. No heterod1romatic bands 'Nef'e 
identified on this dlromosome. 
Chrorrosome 20: This aaocentric d7romosorre had an average total length of 7.2µ and a 
relative length of 4.7. It also did not show any heterochromatic regions. 
Chrorrosorre 21 : There was a large satellite on the short ann of this acrocentric dlrorrosome 
'Mlid7 was about twee the size of the short arm. The average total length of this d7rorrosome 
was 6.8µ and the relative length was 4.5. There 'Nef'e no heterochromatic regions on this 
dlrorrosome. 
Chrorrosorre 22: This acrocentric dlromosorre also had a large satellite. The short arm was 
very tiny. The average total length was 6.2µ and the relative length was 4.1. There was a small 
heterochromatic band at the rriddle of the long ann of the dlromosorre. 
Chrorrosome 23: This small acrocentric dlrorrosome had a satellite \Nhidl was the same size 
as the short arm. The average total length was 5.5µ and the relative length was 3.6. An 

indistinct heterochromatic region appeared to be near the rriddle of the d7romosorre. 
Chrorrosome 24: The small satellite on this acrocentric dlromosome was smaller than the short 
arm of the d7romosorre. This d7romosorre had an average total length of 5.2µ and a relative 
length of 3.4. The short ann had faint heterochromatic dots. 
A. ·yenow King' 

The dlromosorre nurroer was 2n=3x=24. The average measurements of five cells of a 
single plant of this cultivar (Table 9.29) \Nere used to desaibe the karyotype of this cultivar. 
There \Nere twelve metacentric, submetacentric and subtelocentric dlromosorres in the first 
group of the genome and t\Nelve acrocentric d7rorrosomes in the second group (Fig. 9. 17a). 
This was the sarre as for the other cultivars discussed. Four of the acrocentric d7rorrosomes 
carried satellites. The Giemsa banding pattern of this cultivar is depicted in Fig. 9.17b. 
Chromosome 1: This large rretacentric dlromosorre had the primary ronstriction in the rredian 

region. It had an average total length of 21.1µ and a relative length of 12.5. There was a 
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Table 9.29. Average measurements of chromosomes of 
A. ~Yellow King 1 • 

Chrorno-
some L* S* SAT* Total* RL* Ratio 

µ µ µ µ 

1 11. 0 10.1 21. 1 12.5 1.09 
2 10.3 9.5 19.8 11. 9 1.08 
3 9.4 8.7 18.1 10.6 1.08 
4 10.4 2.9 13.3 7.8 3.57 
5 6.8 6.3 13.1 7.7 1.08 
6 7.7 3.2 10.9 6.5 2.39 
7 7.1 3.0 10.1 5.9 2.37 
8 5.0 4.4 9.4 5.5 1.14 
9 4.7 3.7 8.4 5.0 1.27 

10 6.3 1. 7 8.0 4.7 3.68 
11 3.9 3.7 7.6 4. 5 1.05 
12 3.1 1. 3 4.4 2. 6 2.38 
13 11. 7 0.8 12.5 7.4 14.63 
14 10.9 0.4 11. 3 6.7 27.25 
15 9.8 0.6 10.4 6. 1 16.33 
16 9.5 0.4 9.9 5.8 23.75 
17 9.4 0.5 9.9 5.8 18.80 
18 9.1 0.5 0.2 9.6 5.6 18.20 
19 8.7 0.2 0.3 8.9 5.3 43.50 
20 8.5 0.3 8.8 5.2 28.33 
21 8.2 0.3 0.4 8.5 5.0 27.33 
22 8.1 0.2 0.4 8.3 4.9 40.50 
23 6.8 0.5 7. 3 4 . 3 13.60 
24 6.0 0.6 6.6 3.9 10.00 

*RL=Relative Length with a total genome length of 15 0%. 
L = Long arm 
s = Short arm 
SAT=Satellite 
Total= Total length excluding satellite 
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heterochromatic band at the distal end of the longer ann and some heterochromatic spots near 
the centrorrere . 
Chrorrosorne 2: The average total length of this metacentric dlrorrosome was 19.8µ and the 
relative length was 11.9. There 'Nere no heterodlrornatic bands on this dlromosome. 
Chrorrosome 3: The third rretacentric dlromosorre had an average total length of 18.1 µ and a 
relative length of 10.6. There were no heterochromatic bands on this chrorrosome. 
Chrorrosome 4: The fourth dlromosorre of this cultivar was subtelocentric wth an average total 
length of 13.3µ and a relative length of 7 .8. This dlrorrosome had no heterochromatic bands. 
Chrorrosome 5: The fourth rretacentric dlromosome was very dose in size to the subtelocentric 
dlrorrosome 4. It had an average total length of 13.1 µ and a relative length of 7. 7. There 'Nere 
wde heterodlromatic bands covering the distal third of both the dlrorrosome anns wth a 
narrower band just proximal to this on the shorter ann. 
Chrorrosome 6: The largest submetacentric dlromosome had an average total length of 10.9µ 
and a relative length of 6.5. The distal% of the short ann was heterochromatic. There was a 
narrow heterochromatic band at the distal end of the long ann and a broad band covering the 
middle third of this ann 
Chrorrosome 7: The second subrretacentric d7romosorre had an average total length of 10.1 µ 
and a relative length of 5.9. There 'Nere heterodlromatic dots at the distal end of the short anns. 
The long ann had a broad band covering the mddle 1/3 of the ann as well as a narrower band 
proximal to this. 
Chrorrosome 8: This metacentric dlromosorre was about half the size of the first tv.o 
metacentrics in the genorre. It had an average total length of 9.4µ and a relative length of 5.5. 
There were no heterochromatic bands on this dlromosome. 
Chrorrosome 9: The sixth rretacentric dlromosorre had an average total length of 8.4µ and a 
relative length of 5.0. There were broad heterodlromatic bands at the distal ends of both 
dlrorrosome anns and heterodlromatic dots proximal to the bands on the longer ann. 
Chrorrosome 1 0: The tenth dlrorrosome in the genome was the second subtelocentric. It had 
an average total length of 8.0µ and a relative length of 4.7. The distal half of the short ann was 
heterochromatic. There was a heterodlromatic band at the distal end of the long ann and a 
broad band covering 1/3 of the distal half of the ann. 
Chrorrosome 11 : This was a small rretacentric dlromosome wth an average total length of 7 .6µ 
and a relative length of 4.5 The primary constriction was in the rredian region near the 
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centromere. There 'Aere small heterochromatic dots near the distal end of each arm as well as 

near the centromere. 
Chrorrosome 12: The srrallest chromosome in group one was the smallest of all chromosomes 
in the genome. It had an average total length of 4.4µ and a relative length of 2.6. This 
subrretacentric chromosome did not have any heterochromatic regions. 
Chrorrosome 13: The largest acrocentric chromosorre had an average total length of 12.5µ and 
a relative length of 7.4. There was a broad heterochrorratic band from the middle of the long 
ann ooich covered % of the proximal half of the arm. A narrCJ1Ner band was distal to this and a 
very narrow band was near the distal end of the ann. 
Chrorrosome 14: The average total length of this acroc:entric chromosome was 11.3µ. and the 
relative length was 6.7. A heterochrorratic band was near the middle of the long chromosorre 
ann and a broad band was distal to this and covered about ¼ of the length of the arm. 
Chrorrosome 15: This acrocer.tric chromosorre was very similar in appearance to chromosorre 
14. The distribution of heterochromatin was the same. The average total length of the 
chromosome was 10.4µ and the relative length was 6.1. The short arm of this chromosorre was 
proportionally rruch larger than that on chromosorre 14. 
Chrorrosome 16: The next acrocentric chromosome had an average total length of 9.9µ and a 
relative length of 5.8. There were heterochromatic dots distributed in the distal half of the long 
ann of the chromosome and small heterochromatic dots near the centromere. 
Chrorrosorre 17: This chromosorre was the sarre size as chromosome 16. It's long ann was 
slightly shorter and it's short ann slightly longer than the latter chromosome. There was no 
heterochromatin visible in this chromosorre. 
Chrorrosome 18: This acroc:entric chromosorre carried a small satellite about half the size of it's 
short arm. It had an average total length of 9.6µ and a relative length of 5.6. The short ann and 
the satellite were both heterochromatic. The long arm had a heterochromatic band about a third 
of the distance from the centromere to the distal end and another broader band distal to this. 
Chrorrosome 19: The satellite on this acrocentric chromosome was slightly larger than the short 
ann. The chromosome had an average total length of 8.9µ and a relative length of 5.3. The 
satellite was heterochromatic as was the short ann of the chromosome. The long ann had a 
narrow band about ¼ of the distance from the centromere to the distal end and a broad band just 
distal to this covered the ann to the rriddle. 
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Chrorrosome 20: This acrocentric chrorrosome did not have a satellite. It had an average total 
length of 8.8µ and a relative length of 5.2. There was a single heterochromatic band about 113 of 
the distance from the centromere to the distal end of the chromosome. 
Chrorrosome 21 : This chromosome canied a satellite slightly larger than the short arm 'M'lich 
was heterochromatic. There was also a heterochromatic band on the long arm of the 
chromosome at about 1/3 of its length. The average total length of this chromosome was 8.5µ and 
the relative length was 5.0. 
Chrorrosome 22: The satellite on this acrocentric chrorrosome was about twice the size of the 
short arm 'M'lich was quite small. The average total length of this chromosome was 8.3µ and the 
relative length was 4.9. 
Chrorrosome 23: This small aaocentric chromosome did not carry a satellite. It had an average 
total length of 7.3µ and a relative length of 4.3. There were scattered spots of heterochromatin 
along the distal half of the long arm of the chromosome. A small spot of heterochromatin was 
also located at the proximal end of the small arm. 
Chrorrosome 24: The smallest chromosome of group tiM:> was also one of the too smallest 
chrorrosomes in the whole genome. The average total length was 6.6µ and the relative length 
was 3.9. This aaocentric chromosome had one of the largest short arms of all the chrorrosome 
of group t'MJ. There i,,vere small areas of heterochromatin throughout the distal end of the long 
arm of the chromosome as well as a small spot of heterochromatin at the proximal end of the 
arm, next to the centromere. 

A -Appelbloesem' 
This rultivar had a chromosome nurmer of 2n=3x=24. The karyotype was desaibed by 

the average measurements of chrorrosomes in five cells of a single plant (Table 9.30). This 
karyotype was generally the same as that for the other triploid rultivars. There were twelve 
metacentric, submetacentric and subtelocentric chromosomes in group one of the genome and 
twelve aaocentric dlrorrosomes in group t'MJ. Ole dlrorrosome in group one carried a satellite 
and six chrorrosomes in group too carried satellites (Fig. 9.18a). Some of these chrorrosomes 
had heterochromatic bands 'M'len stained wth Giemsa dye (Fig. 9.18b). 
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Table 9.3 C. Average measurements of chromosomes of 
A. 'Appelbloesem'. 

Chromo-
some 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

L* 
µ. 

12.4 
11.7 
10.7 
8.6 

11. 9 
7.9 
5.4 
5.4 
4.8 
3.5 
4.5 
4.4 

12.3 
11. 7 
10.9 
10.6 
10.2 
9.6 
9.4 
9.1 
8.4 
7.9 
7.4 
6.6 

S* 
µ. 

12.0 
10.7 
9.6 
6.1 
2.9 
3.4 
5.0 
4.2 
3.9 
3.0 
1. 5 
1.5 
0.5 
0.3 
0.4 
0.4 
0.4 
0.5 
0.2 
0.2 
0.5 
0.3 
0.4 
0.2 

SAT* 
µ. 

0.2 

0.4 
0.3 

0.3 
0.2 

0.6 
0.3 

Total* 
µ. 

24.4 
22.4 
20.3 
14.7 
14.8 
11. 3 
10.4 
9.6 
8.7 
6.5 
6.0 
5.9 

12.8 
12.C 
11. 3 
11. 0 
10 . 6 
10.1 

9.6 
9.3 
8.9 
8.2 
7.8 
6.7 

RL* 

13.4 
12.3 
11.l 

8.1 
8.1 
6.2 
5.7 
5.3 
4.8 
3.6 
3. 3 
3.2 
7.0 
6.6 
6.2 
6.0 
5.8 
5.5 
5.3 
5.1 
4.9 
4.5 
4. 3 
3.7 

Ratio 

1.04 
1.09 
1.11 
1.11 
4.10 
2.32 
1. 28 
1. 30 
1. 25 
1.15 
2.99 
2.93 

24.60 
39.00 
27.25 
26.50 
25.50 
19.20 
47.00 
45.50 
16.80 
26.33 
18.50 
33.00 

*RL=Relative Length with a total genome length of 150%. 
L = Long arm 
S = Short arm 
SAT=Satellite 
Total= Total length excluding satellite 
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This karyotype was generally the same as that for the other triploid cultivars. There were twelve 
metacentric, submetacentric and subtelocentric chromosomes in group one of the genome and 
twelve acrocentric chromosomes in group two. One chromosome in group one carried a satellite 
and six chromosomes in group two carried satellites (Fig. 9.18a). Some of these chromosomes 
had heterochromatic bands when stained with Giemsa dye (Fig. 9.18b). 
Chromosome 1: This was a very large metacentric chromosome which did not have any 
heterochromatic bands. It had an average total length of 24.4µ and a relative length of 13.4. The 
primary constriction was in the median region close to the median point. 
Chromosome 2: The second metacentric chromosome in the genome had an average total 
length of 22.4µ and a relative length of 12.3. There were no heterochromatic bands on this 
chromosome. 
Chromosome 3: The metacentric chromosome number 3 had an average total length of 20.3µ 
and a relative length of 11.1. There were no heterochromatic bands visible on this chromosome. 
Chromosome 4: This metacentric chromosome had an average total length of 14.7µ and a 
relative length of 8.1. It was much smaller than the first three metacentric chromosomes. There 
was a heterochromatic band at the distal end of the shorter arm of the chromosome. 
Chromosome 5: The only subtelocentric chromosome in the genome of this cultivar had an 
average total length of 14.8µ and a relative length of 8.1. There were no heterochromatic bands 
on this chromosome. The long arm of this chromosome was about the same size as the arms 
of the two largest metacentrics. 
Chromosome 6: The largest submetacentric chromosome in the genome had an average total 
length of 11 .3µ and a relative length of 6.2. This chromosome had a heterochromatic band at 
the distal end of the long arm. There was a broad heterochromatic band covering the middle % 

of the long arm of the chromosome and the distal half of the short arm was also heterochromatic. 
Chromosome 7: The next metacentric chromosome had a heterochromatic band at the distal end 
of the shorter chromosome arm. This chromosome had an average total length of 10.4µ and a 
relative length of 5.7. 
Chromosome 8: Metacentric chromosome 8 had an average total length of 9.6µ and a 
relative length of 5.3. There were heterochromatic bands at the distal ends of both arms of the 
chromosome. 
Chromosome 9: This was a metacentric chromosome with an average total length of 8. 7µ and 
relative length of 4.8. There were no heterochromatic bands on this chromosome. 
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Chromosome 10: The smallest metacentric chromosome did not have any heterochromatic 
regions. It had an average total length of 6.5µ and a relative length of 3.6. 
Chromosome 11 : This submetacentric chromosome had a small satellite on the short arm. There 
were no heterochromatic regions on either the satellite or the body of the chromosome. The 
average total length of the chromosome was 6.0µ and the relative length was 3.2. 
Chromosome 12: The second submetacentric chromosome was almost the same size as the first 
but was not satellited. It also had no heterochromatic regions. the average total length of this 
chromosome was 5.9µ and the relative length was 3.2. 
Chromosome 13: The largest acrocentric chromosome had an average total length of 12.8µ and 
a relative length of 7.0. This chromosome had one of the largest short arms in this genome. 
There was a heterochromatic band just proximal to the middle of the long arm of the 
chromosome and another heterochromatic band at the proximal end of the long arm. 
Chromosome 14: This acrocentric chromosome had small heterochromatic dots just distal to the 
proximal end of the long arm of the chromosome. There was another heterochromatic spot on 
one of the chromatids of the long arm at about the mic-:lle of the arm. 
Chromosome 15: The third acrocentric chromosome did not have any heterochromatic areas. 
It had an average total length of 11.3µ and a relative length of 6.2. 
Chromosome 16: This acrocentric chromosome had a satellite which was about the same size 
as the short arm. The average total length was 11.0µ and the relative length was 6.0. The 
satellite was heterochromatic and there were two heterochromatic bands along the long arm of 
the chromosome. There was a narrow band at about 113 of the distance along the arm from the 
centromere and a wider band covering about ¼ of the length of the chromosome starting at the 
middle of the arm. 
Chromosome 17: The second satellited acrocentric chromosome had a satellite that was slightly 
smaller than the short arm. This chromosome had an average total length of 10.6µ and a relative 
length of 5.8. There was a broad heterochromatic band from the middle of the long arm covering 
about % of the length of the arm. 
Chromosome 18: This acrocentric chromosome was unsatellited. It had an average total length 
of 10.1 µ and a relative length of 5.5. There were two heterochromatic bands on the long arm 
of the chromosome. One was proximal to the middle of the arm and a slightly wider band was 
distal to the middle. 
Chromosome 19: The satellite on this acrocentric chromosome was slightly larger than the short 
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arm. The short arm was quite short. There were no heterochromatic bands on this chromosome. 
The average total length of this chromosome was 9.6µ and the relative length was 5.3. 
Chromosome 20: This acrocentric chromosome had a satellite which was the same size as the 
small short arm. The average total length was 9.3µ and the relative length was 5.1 . No 
heterochromatic bands were detected on this chromosome. 
Chromosome 21 : The average total length of this chromosome was 8.9µ and the relative length 
was 4.9. There was no satellite present and the short arm was one of the largest for the 
acrocentric chromosomes. There was no heterochromatic staining of this chromosome. 
Chromosome 22: This acrocentric chromosome had the largest satellite in the genome. It was 
twice the size of the short arm of this chromosome. The average total length of this 
chromosome was 8.2µ and the relative length was 4.5. No heterochromatic bands were present 
on this chromosome. 
Chromosome 23: The satellite on this acrocentric chromosome was about the same size at the 
short arm. The average total length of the chromosome was 7.8µ and the relative length was 
4.3. There was no heterochromatic staining of this chromosome. 
Chromosome 24: The smallest acrocentric chromosome was not satellited. The short arm was 
quite small. No heterochromatic bands were identified on this chromosome. The average total 
length of the chromosome was 6.7µ and the relative length was 3.7. 

A. 'Pink Triumph' 
The chromosome number of this cultivar was 2n=3x=16. The average measurements of 

five cells from a single plant (Table 9.31) were used to describe the karyotype of this cultivar. 
The karyotype was the same as for the other tnploid cultivars with twelve metacentric, 
submetacentric and subtelocentric chromosomes in one group of the genome and twelve 
acrocentric chromosomes in the second group. Six of the acrocentric chromosomes had satellites 
(Fig. 9.19a). Only seven of these chromosomes had heterochromatic bands (Fig. 9.19b). 
Chromosome 1: This large metacentric chromosome had the primary constriction in the median 
region close to the median point. There were no heterochromatic bands on this chromosome. 
The average total length of the chromosome was 26.6µ and the relative length was 14.1. 
Chromosome 2: The second metacentric chromosome had an average total length of 23. 7µ and 
a relative length of 12.6. The primary constriction was in the median region close to the median 
point. There were no heterochromatic bands on this chromosome. 
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Table 9.31. Average measurements of chromosomes of 
A. 'Pink Triumph'. 

Chromo-
some 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

L* 
µ. 

13.9 
12.3 
9.9 
8.6 

11. 5 
9.0 
6.3 
5.6 
4.6 
5.3 
3.6 
4.4 

12.3 
11.8 
10.7 
10.4 
10.3 
9.8 
9.5 
9.3 
8.1 
7.3 
7.0 
6.5 

S* 
µ. 

12.7 
11. 4 
8.9 
6.4 
3. 2 
3. 8 
5.0 
4.5 
3. 5 
1. 9 
3.2 
1. 6 
0.7 
0.3 
1.2 
0.4 
0.2 
0.6 
0.5 
0.3 
0.5 
0.6 
0.5 
0.5 

SAT* 
µ. 

0.9 
1.2 

0.6 
0.3 
1.5 

0.1 

Total* 
µ. 

26.6 
23.7 
18.8 
15.0 
14.7 
12.8 
11.3 
10.1 

8. l 
7.2 
6.8 
6.0 

12.0 
12.1 
11. 9 
10.8 
10.5 
10.4 
10.0 

9.6 
8.7 
7.9 
7.5 
7.0 

RL* 

14.l 
12.6 
10.0 
7.9 
7.8 
6.8 
6.0 
5.3 
4.3 
3.8 
3.6 
3.2 
6.8 
6.4 
6.3 
5.7 
5.5 
5.5 
5.3 
5.0 
4.6 
4.2 
4.0 
3.7 

Ratio 

1.09 
1.07 
1.11 
1.34 
3.59 
2.37 
1.26 
1.24 
1. 32 
3.31 
1.13 
2.75 

17.57 
39.33 

8.92 
26.00 
51.50 
16.33 
19.00 
31. 00 
16.20 
12.17 
14.00 
13.00 

*RL=Relative Length with a total genome length of 150%. 
L = Long arm 
S = Short arm 
SAT=Satellite 
Total= Total length excluding satellite 

Centromere 
position 

m 
m 
m 
m 
st 
sm 
m 
m 
m 
st 
m 
sm 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 



Figure 9.18a. A 'Appelbloesem' - acetocarmine stain b. A 'Appelbloesem -
One large metacentric chromosome Giemsa stain 
is broken. 

Figure 9.19a. A 'Pink Triumph' - acetocarmine stain b. A 'Pink Triumph' -
Giemsa stain 

Figure 9.20a. A · Mona Usa' - acetocarmine stain b. A · Mona Lisa' - Giemsa 
stain 
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Chromosome 3: This metacentric chromosome was considerably smaller than the previous two 
with an average total length of 18.8µ and a relative length of 10.0. Treatment with Giemsa dye 
did not reveal any heterochromatic bands on this chromosome. 
Chromosome 4: Metacentric chromosome 4 had a heterochromatic band at the distal end of the 
shorter ann. The average total length of this chromosome was 15. 0µ and the relative length 
was 7.9. 
Chromosome 5: The largest subtelocentric chromosome of the genome had an average total 
length of 14.7µ and a relative length of 7.8. This chromosome was not much smaller than 
chromosome number 4. No heterochromatic bands were visible on this chromosome. 
Chromosome 6: This submetacentric chromosome had an average total length of 12.8µ and a 
relative length of 6.8. There were two heterochromatic bands on this chromosome. The broadest 
band was towards the distal end of the long ann and covered about 1/3 of the length of the ann. 
The second band was at the distal end of the short ann and was half the length of the short ann. 
Chromosome 7: The next chromosome in the genome was metacentric in shape. The average 
total length was 11.3µ and the relative length was 6.0. There was a heterochromatic band at 
the distal end of both anns of the chromosome with the band on the longer arm being slightly 
wider than the other. 
Chromosome 8: This metacentric chromosome had an average total length of 10.1 µ and a 
relative length of 5.3. There were no heterochromatic bands on this chromosome. 
Chromosome 9; Metacentric chromosome 9 had an average total length of 8.1 µ and a relative 
length of 4.3. No heterochromatic bands were on this chromosome. 
Chromosome 10: The second subtelocentric chromosome had a broad heterochromatic band 
in the middle of the long ann of the chromosome. The average total length of this chromosome 
was 7.2µ and the relative length was 3.8. 
Chromosome 11: The smallest metacentric chromosome had an average total length of 6.8µ 
and a relative length of 3.6. There were no heterochromatic bands on this chromosome. This 
chromosome was about ¼ the size of the largest metacentric. 
Chromosome 12: The smallest chromosome in group one was a small submetacentric one with 
an average total length of 6.0µ and a relative length of 3.2. There were no heterochromatic 
bands on this chromosome. 
Chromosome 13: There was a large satellite on the short ann of this acrocentric chromosome. 
The short arm was relatively large. The average total length of the chromosome was 12. 0µ and 
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the relative length was 6.8. Giemsa staining did not reveal any heterochromatic regions on this 
chromosome. 
Chromosome 14: This acrocentric chromosome carried a large satellite that was three times the 
size of the short arm. The average total length of the chromosome was 12. 1 µ and the relative 
length was 6.4. There were two heterochromatic bands on the long arm of the chromosome. A 
narrow band was in the proximal portion of the long arm about 1/s of the distance along the arm, 
the other, broader band was at the middle of the arm. 
Chromosome 15: No satellite was on this acrocentric chromosome which had an average total 
length of 11 . 9µ . The relative length was 6. 3. The short arm of this chromosome was very large. 
No heterochromatic bands were located on this chromosome. 
Chromosome 16: The satellite on this acrocentric chromosome was slightly larger than the short 
arm of the chromosome. The average relative length was 10.8µ and the relative length was 5.7. 
The heterochromatic bands on the long arm of this chromosome were near the middle of the arm. 
There was a narrow band just proximal to the middle of the arm and a broader band at the middle 
of the arm. 
Chromosome 17: This acrocentric chromosome had a small satellite slightly larger than the small 
short arm and only half the size of the satellite on chromosome 16. This chromosome was 10.5µ 
in average total length with a relative length of 5.5. There was a single heterochromatic band on 
the long arm of the chromosome about 1/s of the distance from the centromere to the distal end. 
Chromosome 18: There was a very large satellite on this acrocentric chromosome. The short 
arm of the chromosome was also relatively large. The average total length of the chromosome 
was 10.4µ and the relative length was 5.5. There were no heterochromatic bands present. 
Chromosome 19: No satellite was present on this chromosome. It had an average total length 
of 10.0µ and a relative length of 5.3. No heterochromatic bands were revealed on this 
chromosome. 
Chromosome 20: The average total length of this acrocentric chromosome wa 9.6µ and the 
relative length was 5.0. There were no heterochromatic bands present. 
Chromosome 21: This acrocentric chromosome had an average total length of 8.7µ and a 
relative length of 4.6. No heterochromatic bands were present on this chromosome. 
Chromosome 22: There were no heterochromatic bands on this small acrocentric chromosome 
with an average total length of 7.9µ. The relative length of the chromosome was 4.2. 
Chromosome 23: This acrocentric chromosome had an average total length of 7.5µ and a 
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relative length of 4.0. There were no heterochromatic bands on this chromosome. 
Chromosome 24: The smallest acrocentric chromosome had a tiny satellite on it's short arm. 
The average total length was 7.0µ and the relative length was 3.7. 

A. · Mona Lisa' 
The chromosome number of this cultivar was 2n=3x=24. Measurements were made of 

chromosomes in five cells of a single plant (Table 9.32). These measurements were used to 
describe the karyotype of this cultivar. Giemsa staining revealed only two chromosomes with 
clear heterochromatic bands for this cultivar. This may be due to the procedure used or may 
reflect a lack of heterochromatin in many chromosomes. Since most of the chromosomes in this 
cultivar revealed no heterochromatin further modification of the staining procedure will need to 
be made to determine if heterochromatic bands can be defined. 

Individual measurements of chromosome total length, long arm length, short arm length 
and length of any satellites are provided in Table 9.32. The relative total length of the 
chromosomes was also included to facilitate the comparison of the chromosomes in this cultivar 
with those of the species. 

The general karyotype of 'Mona Lisa' is the same as that for the other cultivars. There 
were twelve chromosomes in the first group of the genome which were metacentric, submeta-
centric or subtelocentric, one of which was satellited. The second group consisted of twelve 
acrocentric chromosomes of which four carried satellites (Fig. 9.20). 

There were seven metacentric chromosomes in the first group. These ranged in size from 
an average total length of 25.9µ to only 5.9µ. Their relative lengths were from 14.3 to 3.3. Five 
submetacentric chromosomes were also in the first group. These ranged form 14.6µ to 6.5µ 
in average total length and 8.0 to 3.6 in relative length. Chromosome number 11 had broad 
heterochromatic bands at the distal ends of each of its arms. The final chromosome in group one 
was a small subtelocentric which carried a satellite about half the size of the short arm. This 
subtelocentric was the same size as the smallest submetacentric and is one of the smallest 
chromosomes in the genome. It had a broad heterochromatic band at the distal end of the short 
arm and another broad band in the middle of the long arm. 

The second group of twelve acrocentric chromosomes ranged in size from 13.0µ to 7.3µ. 
This was a relative length range of 7.2 to 4.0. Chromosome numbers 15, 16, 17 and 22 carried 
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Table 9.32. Average measurements of chromosomes of 
.4. 'Mona Lisa'. 

Chromo-
some 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

L* 
µ 

13.3 
12.2 
10.4 
10.6 
7.4 
6.5 
8. 1 
7. 1 
4. 1 
5.4 
4.8 
5.6 
3. 1 

12.9 
11. 9 
11. 5 
10.0 
9.6 
9.0 
8.4 
7.3 
7.8 
6.9 
6.7 

S* 
µ 

12.6 
11.3 
10.4 
4.0 
6.5 
5.3 
3. 1 
2.8 
3. 4 
1.8 
1. 7 
0.9 
2.8 
0.2 
0.6 
0.7 
0.6 
0. 3 
0.1 
0.7 
1.0 
0.3 
0.4 
0.6 

SAT* 
µ. 

0.5 

0.4 
0. 1 
1.0 

0. 1 

Total* 
µ 

25.9 
23.5 
20.8 
14.6 
13.9 
11. 8 
11. 2 
9.9 
7.5 
7.2 
6.5 
6.5 
5.9 

13.0 
12.5 
12.2 
10.6 
9.9 
9.1 
9.1 
8.3 
8.1 
7 . 3 
7.3 

RL* 

14.3 
12.8 
11.4 
8.0 
7.6 
6.5 
6.2 
5.4 
4. 1 
4.0 
3. 6 
3. 6 
3 • 3 
7.2 
6.8 
6.7 
5.8 
5.4 
5.0 
5.0 
4. 6 
4.4 
4. 0 
4. 0 

Ratio 

1.05 
1.08 
1.00 
2.65 
1.14 
1.23 
2.61 
2.54 
1.20 
3.00 
2.82 
6.22 
1. 11 

61. 33 
19.83 
16.43 
16.67 
32.00 
90.00 
12.00 
7.30 

26.00 
17.25 
11.17 

*RL=Relative Length with a total genome length of 150%. 
L = Long arm 
S = Short arm 
SAT=Satellite 
Total= Total length excluding satellite 
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satellites. The satellite on chromosome 15 was slightly smaller than the short arm and the 
satellites on chromosomes 16 and 22 were much smaller than the short arm of the chromosomes. 
The satellite on chromosome 17 was larger than the short arm of the chromosome. 

A. 'Monika' 
The chromosome number of this cultivar was 2n=3x=24. The measurements of five cells 

of a single plant were used to describe the karyotype of the cultivar (Table 9.33). The karyotype 
consisted of twelve metacentric, submetacentric and subtelocentric chromosomes in group one 
of the genome of which one carried a small satellite. The second group of the genome had 
twelve acrocentric chromosomes of which four carried satellites {Fig. 9.21 a). Giemsa staining 
resulted in heterochromatic bands on many of these chromosomes (Fig. 9.21b). 
Chromosome 1: This large metacentric chromosome had an average total length of 25.6µ and 
a relative length of 13.1. There were no heterochromatic bands visible on this chromosome. 
Chromosome 2: The second metacentric chromosome in the genome had an average total 
length of 23.3µ and a reiative length of 11 .9. There did not appear to be any heterochromatic 
bands on this chromosome. 
Chromosome 3: There were no heterochromatic bands identified for this metacentric 
chromosome. It had an average total length of 22.0µ and a relative length of 11.2. 
Chromosome 4: Heterochromatic bands were at the distal ends of both chromosome arms. This 
metacentric chromosome had an average total length of 16.0µ and so was much smaller than 
the first three metacentrics. It had a relative length of 8.2. 
Chromosome 5: The largest submetacentric chromosome of the genome r·ad an average total 
length of 15.9µ and a relative length of 8.1. There were heterochromatic bands on the distal half 
of the short arm as well as a narrower band at the distal end of the long arm. A broad band 
covered about ¼ of the length of the long arm from the middle towards the distal end. 
Chromosome 6: This metacentric chromosome had an average total length of 12.6µ and a 
relative length of 6.4. There were faint heterochromatic spots at the centromere and at the distal 
end of the shorter arm. 
Chromosome 7: The second submetacentric chromosome had an average total length of 11.3µ 
and a relative length of 5. 7. There was a heterochromatic band at the distal end of the short arm 
and another heterochromatic region near the centromere. 
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Table 9.33. Average measurements of chromosomes of A. 'Monika'. 

Chromo-
some 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

L* 
µ 

13.3 
11. 8 
11.4 
8.8 

11. 4 
6.9 
8.4 
5.6 
5.0 
5.8 
5.6 
3. 6 

13.9 
11. 9 
11.8 
11.2 
11. 0 

9.8 
9.7 
9.3 
8.4 
7.5 
6.9 
6. 1 

S* 
µ 

12.3 
11. 5 
10.6 
7.2 
4.5 
5.7 
2.9 
5.3 
4. 3 
2.2 
1. 6 
3.2 
1.0 
0.2 
0.3 
0.5 
0.2 
0.2 
0.2 
0.4 
0.6 
0.4 
0.6 
0.6 

SAT* 
µ 

0.3 

0.6 
0.3 

0.3 

0.3 

Total* 
µ 

25.6 
23.3 
22.0 
16.0 
15.9 
12.6 
11.3 
10.9 
9.3 
8.0 
7.3 
6.8 

14.9 
12.1 
12. l 
11. 7 
11. 3 
10.0 
9.9 
9 . 7 
9.0 
7.9 
7.4 
6. 7 

RL* 

13.1 
11.9 
11. 2 
8.2 
8.1 
6.4 
5.7 
5.6 
4.7 
4.1 
3.7 
3.5 
7.6 
6 . 2 
6.2 
6.0 
5.7 
5. 1 
5.0 
4. 9 
4.6 
4.0 
3. 8 
3 . 4 

Ratio 

1.07 
1.02 
1.08 
1. 22 
2.53 
1.21 
2.90 
1.06 
1.16 
2.64 
3.50 
1.13 

13.90 
59.50 
39.33 
22.40 
55.00 
49.00 
48.50 
23.25 
14.00 
18.75 
11.50 
10.17 

*RL=Relative Length with a total genome length of 150%. 
L = Long arm 
s = Short arm 
SAT=Satellite 
Total= Total length excluding satellite 
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Chromosome 8: This was a metacentric chromosome with an average total length of 10. 9µ and 
a relative length of 5.6. There was a heterochromatic band at the distal end of the longer arm 
and faint heterochromatic spots near the centromere. 
Chromosome 9: No heterochromatic bands were present on this chromosome. The average total 
length was 9.3µ and the relative length was 4.7. 
Chromosome 10: This was the third submetacentric chromosome in the genome and had an 
average total length of 8. 0µ. The short arm had a broad heterochromatic band at the 
distal end covering most of the arm. A second narrower band was at the distal end of the long 
arm. 
Chromosome 11: This was the only chromosome in the first group of the genome to carry a 
satellite. The satellite was much smaller than the short arm. The average total length of this 
subtelocentric chromosome was 7.3µ and the relative length was 3.7. The entire short arm 
appeared to be heterochromatic. 
Chromosome 12: The smallest chromosome in group one was a metacentric chromosome with 
an average total length of 6.8µ and a relative length of 3.5. There were heterochromatic bands 
at the distal ends of both chromosome arms. 
Chromosome 13: The largest acrocentric chromosome had a relatively large short arm. It had 
an average total length of 14.9µ and a relative length of 7.6. There appeared to be a 
heterochromatic band on the proximal end of the short arm of the chromosome. 
Chromosome 14: This acrocentric chromosome had a small short arm and an average total 
length of 12.1 µ. The relative length was 6.2. There was a narrow heterochromatic band at the 
proximal end of the chromosome about one third of the distance along the chromosome. 
Chromosome 15: This chromosome was about the same size as chromosome 14. It was an 
acrocentric with an average total length of 12.1 µ and a relative length of 6.2. No heterochromatic 
areas were identified for this chromosome. 
Chromosome 16: This acrocentric chromosome carried the largest satellite in the whole genome. 
The satellite was about the same size as the short arm of this chromosome. The average total 
length of the chromosome was 11.7µ and the relative length was 6.0. There was a broad 
heterochromatic band in the middle of the long arm of the chromosome and a narrow band at the 
proximal end next to the centromere. The satellite had small heterochromatic dots. 
Chromosome 17: The satellite on this acrocentric chromosome was slightly larger than the small 
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short arm. It had an average total length of 11.3µ and a relative length of 5.7. There was a 
broad heterochromatic band at the proximal end of the chromosome long arm covering about one 
third of its length. 
Chromosome 18: This acrocentric chromosome did not have a satellite. The average total length 
was 10. 0µ and the relative length was 5.1 . There was a narrow heterochromatic 
band at the distal end of the long arm as well as a broad band from the middle of the arm 
towards the distal end. 
Chromosome 19: The average total length of this acrocentric chromosome was 9.9µ and it's 
relative length was 5.0. It had a small satellite just larger than the short arm. There was a broad 
heterochromatic band at the distal end of the long arm of the chromosome starting at the middle 
and a narrower band proximal to this. 
Chromosome 20: This acrocentric chromosome did not carry a satellite. It had an average total 
length of 9.7µ and a relative length of 4.9. There was a heterochromatic band at the distal end 
of the long arm of this chromosome. 
Chromosome 21: A narrow heterochromatic band was near the distal end of the long arm of this 
chromosome and another faintar band was near the middle of the arm. The chromosome was 
acrocentric and had an average total length of 9.0µ and a relative length of 4.6. The satellite 
was about one half the size of the short arm. 
Chromosomes 22-24: These were all acrocentric chromosomes with no satellites. They varied 
from 7.9 - 6.7µ in average total length and 4.0-3.4 in relative length. There were no 
heterochromatic bands visible on any of these chromosomes. 

A 'Rosita' 
The chromosome number of this cultivar was 2n=3x=24. Measurements were made of 

the chromosomes in five cells of a single plant. These were then averaged to provide average 
values for chromosome length, arm lengths and satellite size (Table 9.34). These average 
measurements were used to describe the karyotype of the plant. There were twelve metacentric, 
submetacentric and subtelocentric chromosomes in the first group of the genome and twelve 
acrocentric chromosomes in the second group. Four of the acrocentric chromosomes carried a 
satellite (Fig. 9.22a). Some of the chromosomes of this cultivar had bands which stained with 
Giemsa dye (Fig. 9.22b). 
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Table 9.34. Average measurements of chromosomes of~- ~Rosita'. 

Chromo-
some 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

L* 
µ. 

12.3 
11.2 
8.6 

11.8 
8.8 
6.6 
5.4 
7.0 
4.8 
6.1 
3. 3 
4.5 

11.2 
10.8 
11. 0 
9.8 
9.8 
9.7 
9.0 
9.4 
8.8 
7.7 
7.2 
6. 6 

S* 
µ. 

11. 9 
10.3 

6.6 
3. 4 
3. 5 
5.0 
5.0 
2. 6 
3.7 
2.2 
3.2 
1. 4 
0.4 
0.4 
0.1 
0.4 
0. 3 
0. 3 
0.7 
0.2 
0.4 
0.7 
0.5 
0.4 

SAT* 
µ. 

0.6 
0.7 

0. 3 
0.2 

0.4 

Total* 
µ. 

24.2 
21.5 
15.4 
15.2 
12.3 
11. 6 
10.4 
9.7 
8.5 
8.3 
6.5 
- a :> • J 

11. 6 
11.2 
11. 1 
10.3 
10.1 
10.0 
9.7 
9.6 
9.2 
8.4 
7.7 
7.0 

RL* 

13.5 
12.0 

8. 6 
8.5 
6.9 
6.5 
5.8 
5.4 
4.7 
4. 6 
3. 6 
3 . 3 
6.5 
6.2 
6.2 
5.8 
5.7 
5.6 
5.4 
5.4 
5. 1 
4. 6 
4. 3 
3.9 

Ratio 

1.04 
1.09 
1.30 
3.47 
2.51 
1. 32 
1.08 
2.69 
1. 30 
2.77 
1.03 
3.21 

28.00 
27.00 

110.00 
24.50 
32.67 
32.33 
12.86 
47.00 
22.00 
11.00 
14.40 
16.50 

*RL=Relative Length with a total genome length of 150%. 
L = Long arm 
S = Short arm 
SAT=Satellite 
Total= Total length excluding satellite 
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Figure 9.21a. A 'Monika' - acetocarmine stain b. A 'Monika' - Giemsa stain 
Smallest subtelocentric chrome- Banding pattern for 15 
some is missing. chromosomes only. 

Figure 9.22a. A 'Rosita - acetocarmine stain b. A 'Rosita' - Giemsa stain 

Figure 9.23a. A ·carmen' - aacetocarmine stain b. A · Carmen' - Giemsa stain 

Bar= 10µ 
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Chromosome 1: This was a metacentric chromosome with an average total length of 24.1 µ and 
a relative length of 13.5. The primary constriction was in the median region close to the median 
point. There were no heterochromatic bands on this chromosome. 
Chromosome 2: This metacentric chromosome was only slightly smaller than the first 
chromosome with an average total length of 21.5µ. It's relative length was 12.0. No 
heterochromatic bands were located on this chromosome. 
Chromosome 3: This was a much smaller metacentric chromosome less than % the size of the 
first chromosome. It had an average total length of 15.4µ and a relative length of 8.6. There 
were no heterochromatic bands revealed on this chromosome. 
Chromosome 4: The largest subtelocentric chromosome in the genome had an average total 
length of 15.2µ, similar in size to chromosome 3. The relative length was 8.5. This chromosome 
had a heterochromatic band in the middle of the long arm. 
Chromosome 5: The first submetacentric chromosome appeared to have no heterochromatic 
bands. It had an average total length of 12.3µ and a relative length of 6.9. 
Chromosome 6: The next metacentric chromosome had an average total length of 11.6µ and 
a relative length of 6.5. There were no heterochromatic bands on this chromosome. 
Chromosome 7: This metacentric chromosome had it's primary constriction very close to the 
median point. It had an average total length of 10.4µ and a relative length of 5.8. There were 

· heterochromatic bands at the distal ends of both arms of the chromosome. 
Chromosome 8: The second submetacentric chromosome had an average total length of 9.7µ 
and a relative length of 5.4. The distal half of the short arm was entirely heterochromatic. There 
was a narrow heterochromatic band at the distal end of the long arm of the chromosome and a 
broad band covering about a third of the long arm from the middle towards the distal end. 
Chromosome 9: This metacentric chromosome also had no heterochromatic bands. It had an 
average total length of 8.5µ and a relative length of 4.7. 
Chromosome 10: The smallest submetacentric chromosome in the genome had an average total 
length of 8.3µ and a relative length of 4.6. No heterochromatic bands were visible on this 
chromosome. 
Chromosome 11 : This small metacentric chromosome did not have any heterochromatic bands. 
It had an average total length of 6.5µ, about¼ the size of the largest metacentric. The relative 
length was 3.6. 
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Chromosome 12: The smallest chromosome in group one was a subtelocentric chromosome with 
a large satellite. The satellite was heterochromatic. The average total length of this chromosome 
was 5.9µ and the relative length was 3.3. 
Chromosome 13: This was an acrocentric chromosome with two heterochromatic bands. A 
narrow band was just proximal to the middle of the long arm of the chromosome and a broad 
band was just distal to it. The average total length of this chromosome was 11 .6µ and the 
relative length was 6.5. There was a large satellite which was almost twice the size of the short 
arm. 
Chromosome 14: The average total length of this acrocentric chromosome was 11.2µ and the 
relative length was 6.2. There was no satellite on this chromosome. There was a single narrow 
heterochromatic band about a third of the distance along the chromosome long arm from the 
centromere. 
Chromosome 15: The second acrocentric chromosome with a satellite had an average total 
length of 11.1 µ and so was quite similar in size to chromosome 14. It had a satellite which was 
about three times the size of the short arm of the chromosome. There was a broad 
heterochromatic band in the middle of the long arm of the chromosome covering about a quarter 
of the arms length. The relative length of this chromosome was 6.2. 
Chromosome 16: The satellite on this acrocentric chromosome was about half the size of the 
short arm. The average total length of the chromosome was 10.3µ and the relative length was 
5.8. There was a narrow heterochromatic band just proximal to the middle of the chromosome 
and a broad band distal to the middle. 
Chromosomes 17-24: None of these acrocentric chromosomes had any heterochromatic bands 
using this technique. They ranged in size from 10.1-7.0µ. The relative lengths were from 5.7-
3.9. Chromosome number 21 had a small satellite the same size as it's short arm. 
Chromosomes number 19, 22 and 23 had relatively large short arms. 

A. 'Carmen' 
The chromosome number of this cultivar was 2n=3x=24. It had the same basic karyotype 

as the other cultivars studied. The averages of measurements made of the chromosomes in five 
cells of a single plant (Table 9.35) were used to describe the karyotype. There were twelve 
metacentric, submetacentric and subtelocentric chromosomes in the first group of the genome 
and twelve acrocentric chromosomes, one of which carried a satellite, in the second group (Fig. 
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23a). Many of these chromosomes had areas which stained with Giemsa dye to reveal the 
location of heterochromatin (Fig. 23b). 
Chromosome 1: This was a large metacentric with an average total length of 25.5µ and a 
relative length of 13.0. There were no heterochromatic bands on this chrcmosome. 
Chromosome 2: The second metacentric chromosome was similar in size to the first at an 
average total length of 24. 0µ and a relative length of 12.2. It also had no heterochromatic bands. 
Chromosome 3: This was very close in size to the other two metacentrics. It had an average 
total length of 22.9µ and a relative length of 11.7. There were no distinct heterochromatic bands 
on this chromosome. 
Chromosome 4: The heterochromatic bands on this chromosome were very distinctive. They 

were at the distal end of each arm of the chromosome. The chromosome is metacentric with an 
average total length of 16.9µ and a relative length of 8.6. 
Chromosome 5: This subtelocentric chromosome had an average total length of 15.0µ and a 
relative length of 7.7. The distal half of the short arm was heterochromatic as was a small band 
at the distal end of the long arm of the chromosome. There was a broad band from the middle 
of the long arm towards the distal end of the arm. 
Chromosome 6: The largest submetacentric chromosome in the genome had an average total 
length of 13.6µ and a relative length of 6.9. There were narrow heterochromatic bands at the 
proximal ends of both arms of the chromosome next to the centromere. 
Chromosome 7: This metacentric chromosome had an average total length of 11 .8µ and a 
relative length of 6.0. Heterochromatic banding was not determined for this chromosome. 
Chromosome 8: The next submetacentric chromosome in the genome had an average total 
length of 9.8µ and a relative length of 5.0. There were faint heterochromatic bands on the 
proximal end of the short arm of the chromosome and possibly on the proximal end of the long 
arm. 
Chromosome 9: Metacentric chromosome 9 had a heterochromatic band at the distal end of the 
long arm of the chromosome. The average total length of this chromosome was 8.8µ and the 
relative length was 4.5. 
Chromosome 10: The smallest metacentric chromosome was also the smallest chromosome in 
the genome. It had an average total length of 6.5µ and a relative length of 3.3. There were no 
heterochromatic bands on this chromosome. 
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Table 9.35. Average measurements of chromosomes of A. 'Carmen'. 

Chromo- Centromere 
some L* S* SAT* Total* RL* Ratio position 

µ µ µ µ 

1 13.2 12.3 25.5 13.0 1.07 m 
2 12.4 11. 6 24.0 12.2 1.07 m 
3 12.2 10.7 22.9 11. 7 1.14 m 
4 9.1 7.8 16.9 8.6 1.16 m 
5 11. 5 3.5 15.0 7.7 3.29 st 
6 9.4 4.2 13.6 6.9 2.23 sm 
7 6.4 5.4 11. 8 6.0 1.18 m 
8 6.3 3.5 9.8 5.0 1.80 sm 
9 4.8 4.0 8.8 4.5 1.19 m 

10 3. 3 3.2 6.5 3. 3 1.05 m 
11 4.1 1. 9 6.0 3.0 2.16 sm 
12 4.2 1. 3 5.5 2.8 3.23 st 
13 14.1 0.7 14.8 7.5 20.14 t 
14 12.8 0.2 0.5 13.0 6.7 64.00 t 
15 12.3 0.5 0.5 12.8 6.5 24.60 · t 
16 11. 5 0 . 5 0.4 12.0 6.1 23.00 t 
17 11. 0 0.7 11. 7 6.0 15.71 t 
18 10.8 0.6 11. 4 5.8 18.00 t 
19 10.1 0.6 0.5 10.7 5.5 16.83 t 
20 9.4 0.2 9.6 4.9 47.00 t 
21 8.4 0.6 9.0 4.6 14.00 t 
22 7.5 0.5 8.0 4.0 15.00 t 
23 7.1 0.3 0.3 7.4 3.7 23.67 t 
24 6.3 0.7 7.0 3.6 9.00 t 

*RL=Relative Length with a total genome length of 150%. 
L = Long arm 
s = Short arm 
SAT=Satellite 
Total= Total length excluding satellite 
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Chromosome 11: The third submetacentric chromosome did not appear to have any 
heterochromatic bands. The average total length of the chromosome was 6. 0µ and the relative 
length was 3.0. 
Chromosome 12: This small metacentric chromosome had an average total length of 5.5µ, 
similar in size to chromosome 11. It's relative length was 2.8. There were heterochromatic dots 
at the centromere, probably on the proximal end of the short arm. 
Chromosome 13: The largest acrocentric chromosome had an average total length of 14.8µ and 
a relative length of 7.5. No heterochromatic bands were identified for this chromosome. 
Chromosome 14: This acrocentric chromosome had a satellite which was about twice as large 
as the short arm. It had an average total length of 13.0µ and a relative length of 6.7. There 
was a narrow heterochromatic band near the middle of the long arm of the chromosome and a 
broad band distal to this. Heterochromatic dots were on the satellite. 
Chromosome 15: There was very little size difference between this chromosome and 
chromosome 14. This acrocentric chromosome also carried a satellite on its short arm which was 
about the same size as the arm. The average total length of this chromosome was 12.8µ and 
the relative length was 6.5. There were two heterochromatic dots at the middle of the long arm 
of the chromosome and a fainter pair of dots just distal to this. 
Chromosome 16: The satellite on this acrocentric chromosome was a little smaller than the short 
arm. The chromosome had an average total length of 12. 0µ and a relative length of 6.1 . The 
satellite was heterochromatic and there was a narrow heterochromatic band proximal to the 
middle of the long arm with a broad band covering the middle third of the arm. 
Chromosome 17: There was no satellite on this acrocentric chromosome. It had an average total 
length of 11.7µ and a relative length of 6.0. This chromosome had a large short arm. There 
were heterochromatic dots at the distal end of the short arm. A narrow heterochromatic band was 
at about the middle of the long arm with a broad band distal to this and covering about ¼ of the 
length of the arm. 
Chromosome 18: Chromosome 18 also had a relatively large short arm. It had an average total 
length of 11.4µ and a relative length of 5.8. Faint heterochromatic spots were near the middle 
of the long arm of the chromosome but no organized bands were observed. 
Chromosome 19: The satellite on this chromosome was a little smaller than the large short arm. 
This acrocentric chromosome had an average total length of 10.7µ and a relative length of 5.5. 
There were heterochromatic dots at the distal end of the short arm of the chromosome as well 
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as at the proximal end of the long arm next to the centromere. A band of heterochromatin was 

just proximal to the middle of the long arm. 
Chromosomes 20-22: None of these three acrocentric chromosomes appeared to have any 
heterochromatic regions. They varied from 9.6-8.0µ in average total length and from 4.9-4.0 in 
relative length. 
Chromosome 23: This acrocentric chromosome had a satellite the same size as the short arm. 
It had an average total length of 7.4µ and a relative length of 3.7. There was a narrow 
heterochromatic band at the middle of the long arm of this chromosome. 
Chromosome 24: The smallest acrocentric chromosome had an average total length of 7. 0µ and 
a relative length of 3.6. The short arm of this chromosome was relatively large. It was entirely 
heterochromatic. There was a narrow heterochromatic band near the proximal end of the long 
arm of the chromosome and another faint band towards the distal end. 

A. · Red Surprise' 
The number of chromosomes in this cultivar was 2n=3x=24. The average measurements 

of the chromosomes of five cells of a single plant (Table 9.36) were used to describe the 
karyotype of this plant. This cultivar had twelve metacentric, submetacentric and subtelocentric 
chromosomes in group one and twelve acrocentric chromosomes in group two. Eight of the 
acrocentric chromosomes had satellites (Fig. 9.24a). Many of these chromosomes had 
heterochromatic bands (Fig. 9.24b). 
Chromosome 1: The largest metacentric chromosome had an average total length of 20. 7µ 
and a relative length of 13.6. There was a heterochromatic band near the middle of the longer 
arm of the chromosome with a broader band distal to this. A faint heterochromatic band was 
also near the centromere. 
Chromosome 2: This metacentric chromosome was almost the same size as chromosome 1. 
It had an average total length of 19.7µ and a relative length of 12.6. There were no 
heterochromatic bands visible on this chromosome. 
Chromosome 3: There was a heterochromatic band near the end of the shorter arm of this 
metacentric chromosome. The average total length of this chromosome was 15.8µ and the 
relative length was 10.4. 
Chromosome 4: This metacentric chromosome was almost the same size as chromosome 3. 
It had an average total length of 15.7µ and a relative length of 10.4. There was a faint 
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Table 9.36. Average measurements of chromosomes of 
A. ~Red Surprise'. 

Chrome- Centromere 
some L* S* SAT* Total* RL* Ratio position 

µ µ µ µ 

1 11. 4 9.3 20.7 13.6 1.22 m 
2 10.8 8.9 19.7 12.6 1.22 m 
3 9.1 6.7 15.8 10.4 1.03 m 
4 8.9 6.8 15.7 10.4 1. 31 m 
5 6.3 5.7 11. 9 7.9 1.10 m 
6 6.9 4.5 11. 4 7.5 1. 51 rn 
7 4.5 3.7 8.2 5.4 1. 20 rn 
8 5.2 2.6 7.8 5.2 2.00 srn 
9 3.3 2.8 6.1 4.0 1.17 rn 

10 4.4 1. 4 5.8 3.8 3.14 st 
11 3.1 2.3 5.4 3.6 1.35 m 
12 3.4 1.1 4.5 2.9 3.10 st 
13 9.5 0.6 0.5 10.1 6.7 15.83 t 
14 8.8 0.6 0.7 9.4 6.2 14.80 t 
15 8.4 0.4 0.3 8.8 5.8 21. 00 t 
16 8.1 0.2 0.2 8.3 5.5 40.50 t 
17 7.9 0.4 0.4 8.3 5.5 19.75 t 
18 7.7 0.2 7.9 5.2 38.50 t 
19 7.3 0.4 7 . 7 5.1 18.25 t 
20 7.0 0.2 0.1 7.1 4.7 35.00 t 
21 6.6 0.4 7.0 4.7 16.50 t 
22 6.4 0.3 6.7 4.4 21. 33 t 
23 5.8 0.4 0.4 6.2 4.1 14.50 t 
24 5.0 0.5 0.3 5.5 3.6 10.00 t 

*RL=Relative Length with a total genome length of 150%. 
L = Long arm 
s = Short arm 
SAT=Satellite 
Total= Total length excluding satellite 
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heterochromatic band near the centromere of this chromosome but no other bands were present. 
Chromosome 5: The next metacentric chromosome had an average total length of 11. 9µ and 
a relative length of 7.9. There was a heterochromatic band at the distal end of the shorter arm 

of this chromosome. 
Chromosome 6: This was a metacentric chromosome with an average total length of 6.9µ and 
a relative length of 7.5. There was a narrow heterochromatic band near the distal end of the 

longer arm. 
Chromosome 7: The next metacentric chromosome had an average total length of 8.2µ and a 
relative length of 5.4. There was a heterochromatic band at the distal ends of both arms of the 

chromosome. 
Chromosome 8: This submetacentric chromosome had three heterochromatic regions. There was 
a band at the distal end of the long arm of the chromosome and a broad band covering about half 
the length of the arm. Almost all of the short arm was heterochromatic. 
Chromosome 9: This metacentric chromosome had an average total length of 6.1 µ and a 
relative length of 4.0. There were no heterochromatic bands on this chromosome. 
Chromosome 10: Subtelocentric chromosome 10 had an average total length of 5.8µ and a 
relative length of 3.8. There were two thin bands at the distal end of the long arm of this 
chromosome. 
Chromosome 11 : The smallest metacentric chromosome had an average total length of 5.4µ 
and a relative length of 3.6. There were no heterochromatic bands visible on this chromosome. 
Chromosome 12: The smallest chromosome in the first group had a thin heterochromatic band 
at the centromere. It had an average total length of 4.5µ and a relative length of 2.9. 
Chromosome 13: The largest acrocentric chromosome had a satellite that was about the same 
size as the short arm. The average total length of this chromosome was 10.1 µ and the relative 
length was 6.7. There was a broad heterochromatic band from the middle of the long arm of the 
chromosome which covered about 1/3 of the length of the arm. 
Chromosome 14: This acrocentric chromosome had a large satellite, about the same size as the 
short arm. The average total length of this chromosome was 9.4µ and the relative length was 
6.2. The satellite was entirely heterochromatic and there was another heterochromatic band 
about 1/3 of the distance along the length of the chromosome towards the distal end. 
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Chromosome 15: The third acrocentric chromosome had a satellite about the size as the short 
arm. There were no heterochromatic bands on this chromosome. The average total length of 
this chromosome was 8.8µ and the relative length was 5.8. 
Chromosome 16: The satellite on this acrocentric chromosome was the same size as the small 
short arm. No heterochromatic bands were revealed on this chromosome. It had an average 
total length of 8.3µ and a relative length of 5.5. 
Chromosome 17: This acrocentric chromosome also had a satellite the same size as the short 
arm. It had an average total length of 8.3µ, the same size as chromosome 16. The relative 
length of this chromosome was 5.5. There was a thin heterochromatic band just proximal to the 
middle of the long arm of the chromosome and a broader band distal to this which covered about 
% of the length of the chromosome. 
Chromosome 18: There was no satellite on this acrocentric chromosome. It had an average total 
length of 7.9µ and a relative length of 5.2. There was no heterochromatic banding on this 
chromosome. 
Chromosome 19: The average total length of this acrocentric chromosome was 7.7µ and the 
relative length was 5.1 . There were two narrow heterochromatic bands dose together near the 
middle of the long arm of the chromosome. 
Chromosome 20: There was a tiny satellite about half the size of the short arm on this 
acrocentric chromosome. The average total length was 7.1µ and the relative length was 4.7. 
No heterochromatic bands were visible on this chromosome. 
Chromosome 21: This acrocentric had no satellite and was about the same size as chromosome 
20 with an average total length of 7.0µ. The relative length of this chromosome was 4. 7. There 
were no heterochromatic bands present on this chromosome. 
Chromosome 22-24: The last three acrocentric chromosomes in group two did not appear to 
have any heterochromatic bands. These chromosomes ranged in size from 6. 7-5.5µ, with relative 
lengths of 4.4 -3.6. Chromosome 23 had a satellite the same size as the short arm of the 
chromosome and chromosome 24 had a satellite slightly smaller than it's short arm. 

A. 'Orange Beauty' 
This cultivar was a hypertriploid with a chromosome number of 2n=3x+1 =25. 

Measurements of the chromosomes of five cells of a single plant (Table 9.37) were used to 
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Table 9.37. Average measurements of chromosomes of 
A. 'Orange Beauty'. 

Chromo-
some L* S* SAT* Total* RL* Ratio 

µ. µ. µ. µ. 

l 14.5 13.3 27.8 12.8 1.09 
2 13.6 12.7 26.3 12.1 1.07 
3 12.3 11.4 23.7 10.9 1.08 
4 11. 6 6.9 18.5 8.5 1. 68 
5 13.3 3.8 l 7. 1 7.9 3.50 
6 7.3 5.8 0.6 _3.1 6.0 1.26 
7 9.9 2.6 12.5 5.8 3.80 
8 6.3 5.4 11. 7 5.4 1.09 
9 5.6 4.8 10.4 4.8 1.17 

10 7.9 2.5 10.4 4.8 3.20 
11 5.0 1. 7 0.3 6.7 3. 1 2.90 
12 3. 3 3.2 6.5 3.0 1.03 
13 15.2 0.2 0.1 15.4 7.1 76.00 
14 13.8 0.2 0.4 14.0 6.4 69.00 
15 13.1 0.1 0.3 13.2 6. 1 131. 00 
16 12.5 0.4 12.9 5.9 31.25 
17 12.1 0.3 0.5 12.4 5.7 40.33 
18 11. 7 0.3 0.3 12.0 5.5 39.00 
19 11. 6 0.2 0.4 11. 8 5.4 58.00 
20 10.6 0.3 0. 1 10.9 5.0 35.33 
21 10.6 0.2 10.8 5.0 53.00 
22 10.0 0.2 0.3 10.2 4. 7 50.00 
23 9.4 0.4 9.8 4.5 23.50 
24 8.1 0.4 8.5 3. 9 20.25 
25 7.4 0.2 0.1 7.6 3. 5 37.00 

*RL=Relative Length 
L = Long arm 
s = Short arm 
SAT=Satellite 
Total= Total length excluding satellite 
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Figure 9.24a. A · Red Surprise' - acetocarmine stain 

Figure 9.24a. A · Orange Beauty' - acetocarmine stain 

b. A · Red Surprise' - Giemsa 
stain 

b. A · Orange Beauty' - Giemsa stain 

Bar= 10µ 
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describe the karyotype of this plant. The karyotype consisted of twelve chromosomes in group 
one which were metacentric, submetacentric and subtelocentric in shape. The second group 
contained thirteen acrocentric chromosomes of which nine carried satellites (Fig. 9.25a). Some 
of these chromosomes revealed heterochromatic bands when stained with Giemsa dye (Fig. 
9.25b). The general karyotype of this cultivar was essentially the same as for the other triploid 
cultivars with the exception that there was an extra chromosome in the second group of the 
genome. 
Chromosome 1: This was a large metacentric chromosome with an average total length of 27.8µ 
and a relative length of 12.8. There were no heterochromatic bands on this chromosome. 
Chromosome 2: The second metacentric chromosome was almost the same size as the first with 
an average total length of 26.3µ. The relative length of this chromosome was 12.1. The 
primary constriction was in the median region close to the median point. There were no 
heterochromatic bands on this chromosome. 
Chromosome 3: This chromosome also did not appear to have any heterochromatic bands 
present. It had an average total length of 23.7µ and a relative length of 10.9. 
Chromosome 4: This chromosome had a ratio which was very close to being submetacentric. 
The average total length was 18.5µ and the relative length was 8.5. There was a narrow 
heterochromatic band at the distal end of the shorter arm of the chromosome. 
Chromosome 5: This was a subtelocentric chromosome with an average total length of 17.1µ 
and a relative length of 7.9. A narrow heterochromatic band was at the middle of the long arm 
of the chromosome with a broader band distal to this covering about ¼ of the length of the arm. 
Chromosome 6: The next metacentric chromosome had a satellite at the end of the short arm. 
It had an average total length of 13.1 µ and a relative length of 6.0. There was a heterochromatic 
band at the centromere and another band at the distal end of the longer arm. A faint band was 
sometimes visible at the distal end of the shorter arm. 
Chromosome 7: This subtelocentric chromosome had an average total length of 12.5µ and a 
relative length of 5.8. The short arm was almost entirely heterochromatic. 
Chromosome 8: Metacentric chromosome 8 had wide heterochromatic bands at the distal ends 
of both arms of the chromosome. It had an average total length of 11 .7µ and a relative length 
of 5.4. 
Chromosome 9: This was also a metacentric chromosome with an average total length of 10.4µ 
and a relative length of 4.8. It had a broad heterochromatic band covering the distal half of the 
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shorter arm and a narrow band at the distal end of the longer arm. 
Chromosome 10: The smallest subtelocentric chromosome had an average total length of 10.4µ. 
the same size as chromosome 9. It had a relative length of 4.8. There was a broad 
heterochromatic band at the distal end of the short arm of the chromosome and a narrow band 
at the distal end of the long arm. A broad band was at the middle of the long arm and covered 
about half the length of the arm. 
Chromosome 11 : There was a small satellite on the short arm of submetacentric chromosome 
11. The satellite appeared to be heterochromatic and there was a narrow heterochromatic band 
at the centromere. The average total length was 6. 7µ and the relative length was 3.1 . 
Chromosome 12: This tiny metacentric chromosome had an average total length of 6.5µ and a 
relative length of 3.2, close to that of chromosome 11 . There was a heterochromatic band near 
the centromere of this chromosome. 
Chromosome 13: The largest acrocentric chromosome had an average total length of 15.4µ. 
This chromosome carried a small satellite about half the size of the short arm and had a relative 
length of 7.1 . There was a narrow heterochromatic band just proximal to the middle of the long 
arm and a broad band distal to this. 
Chromosome 14: This acrocentric chromosome had a satellite about twice the size of the short 
arm. It had an average total length of 14.0µ and a relative length of 6.4. The heterochromatic 
bands were similar to those of chromosome 13 with a narrow band just proximal to the middle 
of the chromosome and a broad band distal to the first. 
Chromosome 15: The satellite on this chromosome was also much larger than the short arm of 
the chromosome. The average total length was 13.2µ and the relative length was 6.1 . There 
was a narrow heterochromatic band proximal to the middle of the long arm of the chromosome 
and a broad band distal to this. 
Chromosome 16: This was one of only four acrocentric chromosomes in this genome that did 
not carry a satellite. It had an average total length of 12.9µ and a relative length of 5.9. There 
was a narrow heterochromatic band about a third of the distance along the long arm of the 
chromosome from the centromere to the distal end. 
Chromosome 17: There was a relatively large satellite on this chromosome which was larger 
than the short arm. The average total length of the chromosome was 12.4µ and the relative 
length was 5.7. It was not much different in size to chromosome 16. The heterochromatic band 
on this chromosome was also in a similar location to that of chromosome 16. It was a narrow 
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band located about one third of the distance along the long arm from the centromere to the distal 

end. 
Chromosome 18: This acrocentric chromosome carried a satellite the same size as the short 
arm. It had an average total length of 12.0µ and a relative length of 5.5. There was a narrow 
heterochromat -: band about 1/3 of the distance along the long arm from the centromere and a 
broad band distal to this. 
Chromosome 19-24: The last six acrocentric chromosomes did not appear to have any 
heterochromatic regions. They ranged in average total length from 11 .8- 7.6µ with a range in 
relative length of 5.4-3.4. Chromosomes 19 and 22 carried satellites which were larger than their 
short arms while chromosomes 20 and 25 had satellites which were smaller than their short arms. 

T etraploid cultivars 
None of the eight tetraploid or near tetraploid cultivars revealed any heterochromatic areas 

when stained with Giemsa dye. ,AJthough a number of different attempts were made only an 
occasional heterochromatic dot or series of dots could be discerned. Since there was no 
definitive and consistent heterochromatic staining of these cultivars only a general description of 
the chromosome size and shape will be presented. 

Measurements were made of chromosomes in five cells of a single plant for each cultivar. 
The average total length, long arm length, short arm length and length of any satellites was 
determined. These average measurements were used to describe the karyotype of each of the 
cultivars. 

The relative length of the chromosomes for these cultivars was determined by multiplying 
the measured average length by a conversion factor. This conversion factor was determined by 
adding the lengths of all chromosomes in the genome and dividing this into 200, since there were 
essentially two genomes in each cell as compared to the diploid cultivars and species. 

A. 'Jubilee' 
This cultivar had a chromosome number of 2n=4x=32. Average measurements (Table 

9.38) revealed that there were sixteen chromosomes in group one of the genome. This group 
consisted of ten metacentric, four subtelocentric and two submetacentric chromosomes. Group 
two of the genome consisted of sixteen acrocentric chromosomes of which two carried satellites 
(Fig. 26). A representative cell is depicted in Fig. 9.26. 



175 

Table 9.38. Average measurements of chromosomes of A. 'Jubilee'. 

Chromo- Cent.romere 
some L* S* SAT* Total* RL* Ratio position 

µ µ. µ. µ. 

1 13.0 9.9 22.9 15.1 1. 32 m 
2 11. 4 10.8 22.2 14.7 1.05 m 
3 10.7 10.3 21. 0 13.9 1.04 m 
4 10.4 9.0 19.4 12.8 1.15 m 
5 10.4 2.7 13.1 8.7 3.85 st 
6 8.9 2.7 11. 6 7.6 3.30 st 
7 6.5 4.6 11.1 7.4 1. 41 m 
8 5.1 3. 9 9.0 6.0 1. 31 m 
9 4.0 3 . 3 7.3 4.8 1. 21 m 

10 3. 2 2.8 6.0 4.0 1.14 m 
11 4.8 1. 1 5.9 3.9 4.36 st 
12 2.9 2. 6 5.5 3.6 1.11 m 
13 3.8 1. 6 5.4 3. 6 2.38 sm 
14 4. 1 1. 3 5.4 3. 6 3.15 st 
15 2. 3 2.2 4.5 2.9 1.04 m 
16 3.0 1.0 4. 0 2. 6 3.00 sm 
17 11. 3 0.2 11. 5 7.6 56.50 t 
18 9.9 0.4 10.3 6.9 24.75 t 
19 9.3 0.3 9.6 6.4 31. 00 t 
20 8.8 0.2 0.3 9.0 5.9 44.00 t 
21 8.6 0.4 9.0 5.9 21.50 t 
22 8.4 0. 1 0.3 8. 5 5.6 84.00 t 
23 8.4 0. 1 8.5 5.6 84.00 t 
24 8.0 0.4 8.4 5.6 20.00 t 
25 7.8 0.4 8.2 5.4 19.50 t 
26 7.2 0.3 7.5 5.0 24.00 t 
27 6.9 0.6 7 . 5 5.0 11.50 t 
28 6.9 0.3 7 .2 4.8 23.00 t 
29 6.7 0.4 7.1 4.7 16.75 t 
30 6.3 0.3 6.6 4 . 4 21.00 t 
31 5.5 0.2 5.7 3.8 27.50 t 
32 5.0 0.3 5.3 3. 5 16.67 t 

*RL=Relative Length with a total genome length of 200%. 
L = Long arm 
s = Short arm 
SAT=Satellite 
Total= Total length excluding satellite 
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The largest metacentric chromosomes ranged in average length from 22.9 to 19.4µ 
(relative lengths 15.1 to 12.8). The next two chromosomes were subte!ocentric and were 13.1µ 
and 11 .6µ in average total length. The next four chromosomes were metacentric in shape and 
were from 11 .1 µ to 6.0µ in average total length. The third subtelocentric chromosome was 5.9µ 
in length, very similar to the metacentric before it. The following three chromosomes were all 
about the same size, 5.5µ or 5.4µ, although they had different shapes. The last two 
chromosomes in group one were tiny with one being a metacentric with an average total length 
of 4.5µ and the other being a submetacentric with an average total length of 4.0µ. 

The acrocentric chromosomes in this genome ranged from 11.5-5.3µ in average total 
length. This was a range in relative length of 7.6-3.5. Some of these chromosomes had very tiny 
short arms. Chromosomes 20 and 22 carried satellites which were larger than their short arms. 
A. · Luciana' 

The chromosome number for this cultivar was 2n=4x-1=31 . Average measurements for 
this cultivar (Table 9.39) revealed a karyotype that was very similar to that for A. 'Jubilee'. There 
were sixteen metacentric, submetacentric and subtelocentric chromosomes in group one of the 
genome but only fifteen acrocentric chromosomes in group two (Fig. 9.27). Three of the 
acrocentric chromosomes had satellites. A representative cell is shown in Fig. 9.27. 

There were ten metacentric chromosomes, four subtelocentric chromosomes and two 
submetacentric chromosomes in this genome. The first five largest chromosomes were all 
metacentric and ranged in average total length from 26.5-16.8µ. This was a range in relative 
length of 15.4-9.7. These five were followed by two subtelocentric chromosomes with average 
total lengths of 15.2µ and 12.8µ (relative lengths 8.8 and 7.4 respectively). Three metacentric 
chromosomes with average total lengths of 13.7-7.2µ and reiative lengths of 7.9-4.2 were next 
in order of size. A subtelocentic (6.9µ) and a submetacentric (6.7µ) of similar size were next in 
size followed by two metacentrics. These had an average total length of 3.4µ and 3.2µ each. 
The fourth subtelocentric had the same size as the smallest metacentric. The smallest 
chromosome in group one was a small submetacentric with an average total length of 5.1 µ and 
a relative length of 2.9. This chromosome carried a tiny satellite on its short arm. 

The fifteen acrocentric chromosomes ranged in average total length from 16.2 to 5.7µ. 
This was a range in relative length of 9.3 to 3.3. Chromosome 21 had a tiny satellite and 
chromosome 30 had a satellite the same size as its short arm. Chromosome 26 had a relatively 
large short arm as did chromosome 31. 
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Table 9.39. Average measurements of chromosomes of A. 'Luciana'. 

Chromo-
some 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

L* 
µ. 

13.7 
12.9 
11. 9 
10.5 
9.8 

12.2 
10.0 
8.2 
4.9 
4.0 
5.2 
5.0 
3 . 1 
2.9 
4. 3 
3. 8 

15.8 
11.2 
11.2 
10.5 
9.6 
9.4 
9.0 
8.6 
8.6 
8.3 
8.2 
7.6 
6.9 
6.7 
5.1 

S* 
µ. 

12.8 
12.1 
11. 4 
8.4 
7.0 
3. 0 
2. 8 
5.5 
3. 9 
3.2 
1. 7 
1. 7 
2.8 
2.7 
1. 3 
1. 3 
0.4 
0.4 
0.2 
0.2 
0.3 
0.3 
0.1 
0.4 
0.2 
0.8 
0.4 
0.4 
0.3 
0.2 
0.6 

SAT* 
µ. 

0.1 

0.04 

0.2 

Total* 
µ. 

26.5 
25.0 
23.3 
18.9 
16.8 
15.2 
12.8 
13.7 
8.8 
7.2 
6.9 
6.7 
5.9 
5.6 
5.6 
5.1 

16.2 
11. 6 
11. 4 
10.7 
9.9 
9.7 
9.1 
9.0 
8.8 
9. 1 
8. 6 
8.0 
7.2 
6.8 
5.7 

RL* 

15.4 
14.5 
13.6 
11. 0 
9.7 
8.8 
7.4 
7.9 
5.1 
4.2 
4.0 
3.9 
3. 4 

3.2 
2.9 
9.3 
6.7 
6.6 
6.2 
5.8 
5 • IS 
5.3 
5.2 
5. 1 
5.3 
5.0 
4.6 
4.2 
4.0 
3. 3 

Ratio 

1.07 
1.07 
1.04 
1.25 
1. 38 
4.07 
3.57 
1.49 
1. 26 
1. 25 
3.06 
2.94 
1. 11 
1.07 
3.31 
2.92 

39.50 
28.00 
56.00 
52.50 
32.00 
31.33 
90.00 
21. 5 
43.00 
10.38 
20.50 
19.00 
23.00 
33.50 
8.50 

*RL=Relative Length with a total genome length of 200%. 
L = Long arm 
S = Short arm 
SAT=Satellite 
Total= Total length excluding satellite 
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Figure 9.26. A 'Jubilee' - acetocarmine stain Figure 9.27. A 'Luciana' -
acetocarmine stain 
Two large metacentric 
chromosomes are broken. 

Figure 9.28. A · Rosario' - acetocarmine stain Figure 9.29. A · Orego' -
acetocarmine stain 

Figure 9.30. A 'Nizo' - acetocarmine staine 

Bar= 10µ 
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A. · Rosario' 
The chromosome number for this cultivar was 2n=4x+1 =33. Tne average measurements 

of five cells of a single plant (Table 9.40) were used to describe the karyotype of this cultivar. 
There were sixteen chromosomes in group one of the genome and seventeen chromosomes in 
group two. The extra chromosome is thus found in group two of the genome. A representative 
cell is depicted in Fig. 9.28. 

Group one of the genome had eleven metacentric, two subtelocentric and three 
submetacentric chromosomes while group two had seventeen acrocentric chromosomes (Fig. 28). 
Two of the acrocentric chromosomes carried satellites which were larger than their short arms. 

The first four chromosomes in group one were metacentrics which ranged in average total 
length from 27.4 to 21.8µ and in relative length from 15.4 to 12.2. These were followed by the 
two subtelocentrics which were 16.7µ and 15.4µ in average total length (9.4 and 8.6 in relative 
length respectively). Five metacentric chromosomes were next in size with an average total 
length of from 10.4µ to 7.9µ and a relative length range of 6.4-4.4. The last five chromosomes 
in group one consisted of three submetacentric and two metacentric chromosomes which ranged 
from 6.6µ to 5.1 µ in average total length. 

The fifteen acrocentric chromosomes ranged from an average total length of 12.8µ to 6.2µ. 
The short arms were generally similar in size, however, chromosomes 27 and 30 carried large 
satellites on their short arms. 
A. 'Orego' 

This cultivar had a chromosome number of 2n=4x=32. Average measurements of the 
chromosomes in five cells (Table 9.41) were used to describe the karyotype. There were sixteen 
chromosomes in group one of the genome. These were metacentric, submetacentric and 
subtelocentric in shape. Sixteen acrocentric chromosomes were in group two (Fig. 9.29). A 
representative cell is shown in Fig. 9.29. 

There were nine metacentric chromosomes, three subtelocentric chromosomes and four 
submetacentric chromosomes in this genome. The largest four metacentrics ranged in average 
total length from 28.5-22.8µ and a relative length range of 15.1-12.1 . A subtelocentric and two 
submetacentrics were next in size and were from 15.5-12.4µ in average total size and 8.2-6.6 in 
relative size. Of the three metacentrics which followed, two were very similar in size at 12.2µ and 
12.1 µ and the third one was slightly smaller at 10.5µ in average total length. The relative lengths 
were 6.5-5.6. The second subtelocentric chromosome had the same average total length as the 
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Table 9.40. Average measurements of chromosomes of A. 'Rosario'. 

Chroma- Cent.romere 
some L* S* SAT* Total* RL* Ratio position 

µ. µ. µ. µ. 

1 14.5 12.9 27.4 15.4 1.13 m 
2 12.9 12.1 25.0 14.0 1.07 m 
3 12.6 10.8 23.4 13.1 1.17 m 
4 11.3 10.5 21. 8 12.2 1.07 m 
5 13.4 3.3 16.7 9.4 4.06 st 
6 12.0 3.4 15.4 8.6 3.53 st 
7 6.6 4.8 11.4 6.4 1.38 m 
8 6.2 4.2 10.4 5.8 1. 47 m 
9 5.6 4.0 9.6 5.3 1. 39 m 

10 5.6 3.4 9.0 5.1 1. 65 m 
11 4.1 3.8 7.9 4.4 1.08 m 
12 4.8 1.8 6.6 3.7 2.67 sm 
13 3.3 3. 1 6.4 3.6 1.05 m 
14 4.4 1.5 5.9 : . 3 2.93 sm 
15 3.0 2.6 5.6 3. 1 1.16 m 
16 3.8 1. 3 5.1 2.9 2.92 sm 
17 12.5 0.3 12.8 7.2 41.67 t 
18 11. 5 0.2 11.7 6.6 57.50 t 
19 10.7 0.4 11.0 6.2 26.75 t 
20 10.3 0.4 10.7 6.0 25.75 t 
21 9.7 0.3 10.0 5.6 32.33 t 
22 9.3 0.3 9.6 5.3 31. 00 t 
23 8.9 0.4 9.3 5.2 22.25 t 
24 8.9 0.1 9.0 5.0 89.00 t 
25 8.6 0.4 9.0 5.0 21. 50 t 
26 8.3 0.4 8.7 4.9 20.75 t 
27 7.9 0.3 0.7 8.2 4.6 26.33 t 
28 7.9 0.4 8.3 4.6 19.75 t 
29 7.8 0.3 8.1 4.5 26.00 t 
30 7.3 0.4 0.6 7.7 4.3 18.25 t 
31 7.1 0.2 7.3 4.0 35.5 t 
32 6.7 0.2 6.9 3.9 33.50 t 
33 5.7 0.5 6.2 3.5 11. 40 t 

*RL=Relative Length with a total genome length of 200%. 
L = Long arm 
s = Short arm 
SAT=Satellite 
Total= Total length excluding satellite 



181 

Table 9.41. Average measurements of chromosomes of A. 'Orego'. 

Chrome- Centromere 
some L* S* SAT* Total* RL* Ratio position 

µ. µ. µ. µ. 

1 15.1 13.4 28.5 15.1 1.13 m 
2 14.1 12.7 26.8 14.2 1.11 m 
3 12.9 11. 2 24.1 12.8 1.16 m 
4 12.5 10.3 22.8 12.1 1. 21 rn 
5 11. 8 3.7 15.5 8.2 3.19 st 
6 10.0 3.3 13.3 7.0 3.00 sm 
7 9.3 3.1 12.4 6.6 3.00 sm 
8 7.4 4.8 12.2 6.5 1. 54 m 
9 7.3 4.8 12.1 6.4 1. 52 m 

10 6.8 3.7 10.5 5.6 1. 78 sm 
11 8.3 2.2 10.5 5.6 3.77 st 
12 6.1 2.2 8.3 4.4 2.77 sm 
13 3.6 3.4 7.0 3.7 1.06 m 
14 4.9 1.8 6.7 3.5 2.72 sm 
15 4.6 1.5 6.1 3.2 3.07 st 
16 3.0 2.7 5.7 3.0 1.11 m 
17 13.4 1.0 14.4 7.6 13.40 t 
18 11. 6 0.3 11. 9 6 . 3 38.67 t 
19 11. 0 0.3 0.4 11. 3 6.0 36.67 t 
20 11. 0 C.l 0.3 11.1 5.9 110.00 t 
21 10.5 0.1 10.6 5.6 105.00 t 
22 10.0 0.3 1 0.3 5.5 33.33 t 
23 9.6 0.5 10.1 5.4 19.20 t 
24 9.6 0.2 0.3 9.8 5.2 48.00 t 
25 9.3 0.4 9.7 5 . 1 23.25 t 
26 9.0 0.3 9.3 4.9 30.00 t 
27 8.5 0.3 0.4 8.8 4.7 28.33 t 
28 7.7 0.6 8.3 4.4 12.83 t 
29 7.9 0.2 8. 1 4.3 39.50 t 
30 6.7 0.6 0.1 7.3 3.9 11.17 t 
31 5.9 0.4 6.3 3.4 14.75 t 
32 4.8 0.4 5.2 2.8 12.00 t 

*RL=Relative Length with a total genome length of 200%. 
L = Long arm 
s = Short arm 
SAT=Satellite 
Total= Total length excluding satellite 
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last metacentric at 10.5µ. The five smallest chromosomes in group one contained two 
submetacentrics, two metacentrics and a subtelocentric chromosome. These ranged from 8.3-
5.7µ in average total length and 4.4 to 3.0 in relative length. 

Toe sixteen acrocentric chromosomes in this cultivar were from 14.4µ to 5.2µ in average 
total length and from 7.6 to 2.8 in relative length. There were satellites in chromosomes 19, 20, 
24 and 27 which were a little larger than the short arms of the chromosomes and a satellite on 
chromosome 30 which was much smaller than the short arm of the chromosome. 

A 'Arizo' 
The chromosome number for this cultivar was 2n=4x=32. The average measurements of 

chromosomes in five cells of a single plant (Table 9.42) were used to describe the karyotype of 
the cultivar. This cultivar differed slightly from the others discussed since it had seventeen 
chromosomes in group one and only fifteen chromosomes in group two.Two of the 
submetacentric chromosomes of group one and five of the acrocentric chromosomes of group two 
carried small satellites (Fig. 9.30). 

There were eleven metacentric, two subtelocentric and four submetacentric chromosomes 
in the first group of the genome. The four largest metacentrics had an average total length of 
from 20.1µ to 17.5µ. This was a relative length range from 14.7 to 12.8. The largest 
subtelocentric had an average total length of 13.1 µ and it was followed by another metacentric 
which had an average total length of 10.9µ and a relative length of 7.9. The second 
subtelocentric had an average total length of 10.1 µ and a relative length of 7.4. This was 
followed by the largest submetacentric chromosome which had an average total length of 8.5µ 
and a relative length of 6.2. This chromosome had a ratio which was close to the dividing line 
between metacentric and submetacentric chromosomes. There were then three more 
metacentrics from 7.9µ to 5.9µ in average total length (5.8 to 4.3 relative length). The second 
submetacentric chromosome had an average total length the same as the preceding metacentric. 
This was followed by another submetacentric which carried a tiny satellite on it's short arm. The 
average total length of this chromosome was 5.2µ and the relative length was 3.8. The next 
metacentric chromosome had the same average total length as the satellited submetacentric and 
it was followed by another satellited submetacentric of similar size (5.1 µ). This chromosome also 
carried a tiny satellite on its short arm. The two smallest chromosomes in group one were a 
submetacentric and a metacentric with average total lengths of 4.6µ and 4.4µ respectively. 
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Table 9. 42. Average measurements of chromosomes of A. ~Ariza' . 

Chrorro- Centromere 
some L* S* SAT* Total* RL* Ratio position 

µ µ µ µ 

1 10.3 9.8 20.1 14.7 1.04 m 
2 10.1 9.6 19.7 14.4 1.05 m 
3 9.4 8.9 18.3 13.4 1.05 m 
4 9.2 8.3 17.5 12.8 1.11 m 
5 10.5 2.6 13.1 9.5 4.04 st 
6 6.3 4.6 10.9 7.9 1.37 m 
7 7.9 2.2 10.1 7.4 3.59 st 
8 5.4 3.1 8.5 6.2 1.73 sm 
9 4.4 3.5 7.9 5.8 1.24 m 

10 4.2 3.6 7.8 5.7 1.18 m 
11 3.1 2.8 5.9 4.3 1.11 m 
12 4.3 1.6 5.9 4.3 2.69 sm 
13 3.8 1.4 0.1 5.2 3.8 2.71 sm 
14 2.7 2.5 5.2 3.8 1.07 m 
15 3.6 1.5 0.1 5.1 3.7 2.40 sm 
16 3.1 1.5 4.6 3.3 2.07 sm 
17 2.4 2.0 4.4 3.2 1.20 m 
18 9.2 0.3 0.1 9.5 6.9 30.67 t 
19 8.6 0.2 8.8 6.4 43.00 t 
20 8.3 0.2 8.5 6.2 41.50 t 
21 7.7 0.5 0.2 8.1 5.9 15.40 t 
22 7.4 0.6 7.9 5.8 12.50 t 
23 7.0 0.2 7.2 5.2 35.00 t 
24 6.6 0 . 4 0.3 7.0 5.1 16.50 t 
25 6.5 0.3 6.8 4.9 21.67 t 
26 6.5 0.4 6.9 5.0 16.25 t 
27 6.4 0.3 0.2 6.7 4.9 21.33 t 
28 5.6 0.5 0.1 6.1 4.5 11.20 t 
29 5.3 0.3 5.6 4.1 17.67 t 
30 5.2 0.4 5.6 4.1 13.00 t 
31 4.6 0.5 5.1 3.7 9.20 t 
32 4.1 0.4 4.5 3.3 10.25 t 

*RL=Relati~e Length with a total genome length of 200%. 
L = Long arm 
s = Short arm 
SAT=Satellite 
Total= Total length excluding satellite 
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The fifteen acrocentric chromosomes ranged in average total length from 9.5µ to 4.5µ. 
This was a relative length range of 6.9 to 3.3. Chromosomes 18, 21 , 24, 27 and 28 carried small 
to tiny satellites on their short arms that were all smaller than the short arms. 

A. 'Alnba' 
The chromosome number for this cultivar was 2n=4x=32. The average measurements for 

it's chromosomes (Table 9.43) were used to describe the karyotype. There were only fourteen 
chromosomes in group one of the genome, two of which carried satellites. The second group had 
eighteen acrocentric chromosomes of which seven carried satellites (Fig. 9.31). 

There were five metacentric chromosomes which ranged in average total length from 
30. 7µ to 15.1 µ with a relative length range of 15. 7 to 7. 7. The largest subtelocentric chromosome 
had an average total length of 13.7µ and a relative length of 7.1. The next three metacentric 
chromosomes had an average total length of from 12.8µ to 9.1 µ and a relative length ranging 
from 6.5 to 4.6. There was a small satellite on the short arm of chromosome 7. The smallest 
five chromosomes in group one consisted of three subtelocentric and two metacentric 
chromosomes. These were from 7.9µ to 5.9µ in average total length and 4.0 to 3.0 in relative 
length. The very smallest subtelocentric chromosome had a satellite that was about half the size 
of the short arm. 

The eighteen acrocentric chromosomes were from 14.6µ to 5.3µ in average total length. 
They were from 7.5 to 2.7 in relative length. Chromosomes 15, 21 and 23 had 
satellites the same size or slightly smaller than the short arms while chromosomes 19, 20, 25 
and 26 had satellites which were larger than the short arms. 

A 'Texas' 
This cultivar had a chromosome number of 2n=4x=32. The karyotype was determined 

from the average measurements of chromosomes from five cells of a single plant (Table 9.44). 
There were sixteen metacentric, submetacentric and subtelocentric chromosomes in group one 
and sixteen acrocentric chromosomes in group two (Fig. 9.32). Four of the acrocentric 
chromosomes carried small satellites on their short arms. 

There were eleven metacentric, two subtelocentric and three submetacentric 
chromosomes in the first group of chromosomes in the genome. The first five metacentrics were 
from 28.9µ to 16.6µ in average total length and 16.7 to 9.6 in relative length. The largest 
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Table 9. 43. Ave:::-age measurements of chromosomes of A. 'Alnba 1 
• 

Chrom:,- C~ntromere 
some L* S* SAT* Total* RL* Ratio position 

µ µ µ µ 

1 15.9 14.8 30.7 15.67 1.08 rn 
2 15.1 14.6 29.7 15.2 1.03 rn 
3 14.8 13.9 28.6 14.6 1.06 rn 
4 13.3 12.0 25.3 12.9 1.11 rn 
5 8 .8 6.3 15.1 7.7 1.40 rn 
6 10.5 3.2 13.7 7.1 3.28 st 
7 7.6 5.2 0.2 12.8 6.5 1.46 rn 
8 5.3 4.6 9.9 5.1 1.15 rn 
9 4.9 4.2 9.1 4.6 1.17 rn 

10 6.1 1.8 7.9 4.0 3.39 st 
11 4.0 3.5 7.5 3.8 1.14 rn 
12 5.6 1.5 7.1 3.6 3.73 st 
13 3.5 3.1 6.6 3 .4 1.13 rn 
14 4.6 1.3 0.7 5.9 3.0 3.54 st 
15 14.2 0.4 0.1 14.6 7.5 35.50 t 
16 12.6 0.3 12.9 6.6 42.00 t 
17 12.1 0.2 12.3 6.3 60.50 t 
18 11.7 0.1 11. 8 6.0 117.00 t 
19 11.1 0.3 0.5 11.4 5.8 37.00 t 
20 10.6 0.3 0.6 10.9 5.5 35.33 t 
21 10.6 0.2 0.1 10.8 5.5 53.00 t 
22 9.4 1.3 10.7 5.4 7.23 t 
23 10.0 0.2 0.2 10.2 5.2 50.00 t 
24 9.3 0.6 9.9 5.0 15.50 t 
25 9.7 0.2 0.3 9.9 5.0 48.50 t 
26 8.6 0.2 0.4 8.8 4.5 43.00 t 
27 8.5 0.3 8.8 4.5 28.30 t 
28 8.2 0.4 8.6 8.4 20.50 t 
29 7.7 0.2 7.9 4.0 38.50 t 
30 7.0 0.5 7.5 3.8 14.00 t 
31 6.6 0.5 7.1 3.6 13.20 t 
32 5.3 0.01 5.3 2.7 530.00 t 

*RL=Relative Length with a total genome length of 200%-. 
L = long arm 
s = Short arm 
SAT=Satellite 
Total= Total length excluding satellite 
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Table 3.44. Average measurements of chromosomes of A. -Texas'. 

Chromo-
some 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

L* 
µ. 

16.2 
15.1 
12 .1 
9.9 
8.7 

10.0 
7.6 
5.8 
4.7 
5.6 
5.7 
4.0 
4.5 
3.0 
4.0 
2.8 

13.8 
11. 0 
10.4 
9.8 
9.8 
9.6 
9.4 
8.3 
7.8 
7.4 
7.4 
7.2 
6.7 
6.2 
5.0 
4.4 

S* 
µ 

12.7 
13.4 
10.5 
9.3 
7.8 
3. 2 
5.6 
4.7 
3.9 
2.4 
2.3 
3. 3 
2.0 
2. 6 
1. 3 
2.5 
0.7 
0.1 
0.3 
0.6 
0.5 
0.1 
0.1 
LO 
0.5 
0.7 
0.3 
0.4 
0.2 
0.2 
0.1 
0.3 

SAT* 
µ. 

0.2 

0.3 

0.3 
0.2 

Total* 
µ. 

28.9 
28.5 
22.6 
19.2 
16.6 
13.2 
13. 2 
10.5 
8.6 
8.0 
8.0 
7.3 
6.5 
5.6 
5.3 
5.3 

14.5 
11.1 
10.7 
10.4 
10.3 
9.7 
9.5 
9.3 
8.3 
8.1 
7.7 
7. 6 
6.9 
6.4 
5. 1 
4.8 

RL* 

16.7 
16.5 
13.1 
11. l 
9.6 
7.7 
7.7 
6.1 
5.0 
4 . 6 
4.6 
4.3 
3 . 8 
3.3 
3. 1 
3. 1 
8.4 
6.4 
6.2 
6.0 
6.0 
5.6 
5.5 
5.4 
4.8 
4.7 
4.4 
4. 4 
4.0 
3.7 
3. 0 
2.8 

Ratio 

1.27 
1.13 
1.16 
1.06 
1.11 
3.12 
1. 36 
1. 35 
1. 20 
2.34 
2.48 
1. 20 
2.25 
1.13 
3.08 
1.11 

19.71 
110.00 

34.67 
16.33 
19.60 
96.00 
94.00 
8.3 

15.6 
10.57 
24.67 
18.00 
33.50 
31. 00 
50.00 
14.67 

*RL=Relative Length with a total genome length of 200%. 
L = Long arm 
S = Short arm 
SAT=Satellite 
Total= Total length excluding satellite 
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Figure 9.31. A 'Alnba' - acetocarmine stain 

Figure 9.32. A 'Texas' - acetocarmine stain 

Figure 9.33. A · Neva' - acetocarmine stain 

Bar= 10µ 
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subtelocentric chromosome had an average total length of 13.2µ and a relative length of 7. 7. The 
next metacentric chromosome was the same size as the preceding subtelocentric and it was 
followed by two other metacentrics of 10.5µ and 8.6µ average total length. The following two 
submetacentrics were the same size at 8.0µ, a relative length of 4.6. The last five chromosomes 
in group one consisted of three metacentrics, a submetacentric and a subtelocentric chromosome 
and were from 7.3µ to 5.3µ in average total length. Their relative lengths were from 4.3 to 3.1. 

The sixteen acrocentric chromosomes were from 14.5µ to only 4.8µ in average total 
length. This was a range in relative length of 8.4 to 2.8. Chromosomes 20, 26 and 27 had 
satellites on the short arms which were smaller than the short arms. The short arms for 
chromosomes 20, 24 and 26 were relatively large. The satellite on chromosome 23 was larger 
than the short arm. 
A. Neva' 

The chromosome number for this cultivar was 2n=4x=32. The average measurements of 
five cells (Table 9.45) were used to describe the karyotype. The karyotype consisted of only 
fourteen chromosomes in group one and eighteen chromosomes in group two of the genome (Fig. 
9.33). There were nine metacentric, four submetacentric and one subtelocentric chromosome in 
the first group of the genome and eighteen acrocentric chromosomes in the second group. 

The largest two metacentric chromosomes in the genome had average total lengths of 
28.1 µ and 25.1 µ respectively and these were followed by two large submetacentrics which had 
average total lengths of 18.1 µ and 15.6µ. This was the only tetraploid which did not have four 
or five of the largest chromosomes in it's genome. It had only two large metacentrics. The large 
submetacentric chromosomes were followed by six metacentrics with average total lengths from 
14.3µ to 8.7µ. The relative lengths of these chromosomes was from 7.7 to 4.7. The following 
submetacentric chromosome had a tiny satellite on the short arm. It had an average total length 
of 7.5µ and a relative length of 4.1 . The smallest three chromosomes in the first group were 
metacentric, subtelocentric and submetacentric in shape and were from 6.9µ to 6.0µ in average 
total length. Their relative lengths were from 3. 7 to 3.2. The smallest submetacentric 
chromosome had a small satellite on the short arm. 

The average total length of the eighteen acrocentric chromosomes was from 14.4µ to 6.1 µ 
and 7.8 to 3.3 in relative length. There were large satellites on chromosomes 24, 25 and 28 
which were up to three times larger than the short arms and a small satellite on chromosome 27, 
about the same size as the short arm. 
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Table 9.45. Average measurements of chromosomes of A. ~Neva'. 

Chromo-
some 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

L* 
µ. 

14.4 
13.1 
12.7 
11.8 
8.2 
6.7 
6.6 
5.5 
5.3 
4.8 
5.6 
3.8 
4.7 
4.5 

14.l 
13.0 
12.3 
12.0 
11. 6 
10.9 
10.7 
11.3 
10.3 
9.8 
9.5 
8.9 
9.1 
8.9 
8.3 
7.6 
6.8 
5.8 

S* 
µ. 

13.7 
12.0 

5.4 
3.8 
6.1 
5.8 
5.8 
3. 8 
3.8 
3.9 
1. 9 
3. 1 
1. 4 
1. 5 
0.3 
0.3 
0.7 
0.3 
0.3 
0.8 
0.8 
0. 1 
0.5 
0.6 
0.4 
0.7 
0.2 
0.4 
0.2 
0.6 
0.6 
0.3 

SAT* 
µ. 

0.1 

0.2 

0.7 
0.7 

0.3 

0.6 

Total* 
µ. 

28.1 
25.1 
18.1 
15.6 
14.3 
12.5 
12.4 

9.3 
9. 1 
8.7 
7.5 
6.9 
6. 1 
6.0 

14.4 
13.3 
13.0 
12.3 
11. 9 
11. 7 
11. 5 
11.4 
10.8 
10.4 
9.9 
9.6 
9.3 
9.3 
8.5 
8.2 
7.4 
6. 1 

RL* 

15.2 
13.6 
9.8 
8.4 
7.7 
6.8 
6.7 
5.0 
4.9 
4.7 
4. 1 
3.7 
3. 3 
3.2 
7.8 
7.2 
7.0 
6.7 
6.4 
6.3 
6.2 
6.2 
5.8 
5.6 
5.3 
5.2 
5.0 
5.0 
4. 6 
4.4 
4.0 
3 . 3 

Ratio 

1.05 
1.08 
2.35 
3.10 
1. 34 
1.16 
1.14 
1. 43 
1. 39 
1. 22 
2.95 
1.18 
3.36 
3.00 

47.00 
43.33 
17.57 
40.00 
38.67 
13.63 
13.38 

113.00 
20.60 
16.33 
23.75 
12.71 
45.50 
22.25 
41. 50 
12.67 
11. 33 
19.33 

*RL=Relative Length with a total genome length of 200%. 
L = Long arm 
S = Short arm 
SAT=Satellite 
Total= Total length excluding satellite 
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Chapter 10 

DISCUSSION 

Using both karyotype analysis and Giemsa banding it was possible to identify individual 
chromosomes within each species. The identification of a particular species could then be 
described in terms of the characteristics of each chromosome pair in it's genome. 
Characterization and identification of cultivars was also possible using these techniques. Each 
cultivar studied had a unique complement of chromosomes which completely identified the 
cultivar. This procedure may thus provide another method of identification for the patenting of the 
cultivars and prevent confusion among those that are morphologically similar. 

Comparisons with paired chromosomes of species revealed that although the 
heterochromatic regions of the paired chromosomes were almost always the same there were 
differences in their relative lengths. There were also some instances in which only one 
chromosome of the pair carried a satellite. Since only one plant for each species was extensively 
analyzed, future studies are needed to determine whether this heterozygosity is found in every 
plant within the species or whether the these chromosomes are polymorphic with regard to the 
presence of satelites. Polymorphism with respect to presence or absence of satellites was 
reported in A. pelegrina (Stephens et al. 1993). 

Analysis of the karyotypes of eight Alstroerneria species and one hybrid revealed that 
they all had a similar karyotype. All of these species were diploids (2n=2x=16). The genome of 
each species could be divided into two groups. The first group had four or five pairs of 
metacentric, submetacentric or subtelocentric chromosomes some of which carried satellites. The 
second group had three or four pairs of acrocentric chromosomes with from one to four pairs 
carrying satellites. This agrees with earlier work by Taylor (1926), Wiyte (1929), Sato (1938), 
Darlington and \Nylie (1955), Tsuchiya and Hang (1989), Rustanius et al. (1991) and Stephens 
et al.(1993). 

The largest pair of chromosomes in every species was a metacentric pair. The primary 
constriction for each of these pairs was very close to the median point. The relative lengths of 
these chromosome pairs varied among the species. The largest pair was found in A. pelegrina 
with a relative length of 28.5%, closely followed by A. sierrae at 28.2%. The largest 
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chromosomes of the other species were from 27.0% to 20.6% in the order of A pulchella, A. 
psittacina, A aurantiaca, A. chilensis, A ligtu species, A. ligtu hybrid and A. versicolor. The 
largest chromosome pairs of A. pulchella and A. psittacina were nearly the same relative length. 
Similarly, A. ligtu spp. and A. chilensis had large metacentric chromosome pairs of similar size 
while A. /igtu hybrid had a chromosome pair that was slightly shorter than the former two 
species. 

The second chromosome pair was also metacentric for six of the species. For the other 
three, A. sierrae, A. pulchella and A. psittacina, the second chromosome pair was subtelocentric 
in shape. A. chilensis had the largest metacentric chromosome pair 2 at a relative length of 
17.0%. A. ligtu species and A. ligtu hybrid had chromosome pairs number 2 which were just over 
15.0% in relative length while A. pelegrina, A. versicolorand A. aurantiaca had pairs which were 
13.7, 13.6 and 13.2% relative length respectively. Sato (1938) noted a satellite on one pair of 
long chromosomes of this species. However, he classified the chromosomes observed as having 
submedian constrictions rather than median. Since visual analysis of the chromosomes, without 
measurements, may suggest that they are in fact submetacentric in shape it is presumed that the 
long submetacentric chromosomes of Sato are the same as the long metacentrics described in 
this study. 

The second pair of chromosomes in the other three species were subtelocentrics which 
were 16.6% in relative length in A. psittacina, 16.0% in A. pu/chella and 12.3% in A. sierrae. The 
presence of a pair of medium sized subtelocentric chromosomes in A. pu/chella was noted by 
Sato (1938). He also indicated that the chromosomes of A. chilensis were larger than those of 
A. pu/chella but comparison of the relative lengths given in this study would indicate that, in fact, 
the opposite is true. 

The third pair of chromosomes in all the species studied was a medium-small metacentric 
pair. These varied from 12.4% relative length in A. chilensis to only 7.0% in A. sierrae. A 
satellite was carried on the shorter arm of one or both chromosomes of the pair in A. ligtu species 
and hybrid. A. chilensis also had a small satellite on one chromosome of this pair. Rustanius 
et al. (1991) and Tsuchiya et al. (1987) also describe medium submetacentric chromosomes in 
A. ligtu hybrids which carry satellites · on their shorter arms. However, measurement of these 
chromosomes in the published figures for this hybrid give a ratio of long-short arm lengths of 
around 1.1 or 1.2 or an index of 0.8-0.9. This agrees with the published index of Rustanius et 
al. of about 0.88 and indicates that these satellited chromosomes are in fact metacentric. 
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For all species except A. chilensis the fourth pair of chromosomes was submetacentric 
or subtelocentric. A. aurantiaca had one chromosome of pair 4 that was subtelocentric and one 
that was submetacentric. The averages and ratio for the two chromosomes (3. 09) indicated that 
although this pair was classed as subtelocentric it was very close to the dividing ratio for 
submetacentric chromosomes. A. chilensis had a metacentric chromosome as the fourth largest 
pair of its genome. The submetacentric chromosome pairs ranged in relative length from 10.1 % 
in A. aurantiaca to 6.4% in A. sierrae. The metacentric chromosome pair of A. chilensis had a 
relative length of 11 .0%. The relative lengths of A. pulchella and A. psittacina were almost 
exactly the same for this pair of chromosomes. Satellites were present on at least one 
chromosome of this pair in A. ligtu hybrid and A. versicolor. No satellites were reported for this 
chromosome pair in A. ligtu hybrid in previous research (Rustanius et al. , 1991; Tsuchiya et al., 
1987). This chromosome pair is known to be polymorphic with respect to satellite presence or 
absence in A. pelegrina (Stephens et al., 1993), however, for the present plant no satellites were 
observed. 

Chromosome pair 5 constituted the fifth pair of chromosomes of group one for A. chilensis, 
A. /igtu species and A. ligtu hybrid. It was a metacentric chromosome pair in both ligtu species 
and hybrid with a relative length of around 9.5%. In A. chilensis this pair was a submetacentric 
pair with a relative length of 10.1 %. There were satellites on this chromosome pair in both A. 
chilensis and A. ligtu hybrid. This observation agrees with earlier work with A. chilensis (Sato, 
1938) and A. ligtu hybrid (Rustanius et al. , 1991 ; Tsuchiya and Hang, 1987). 

For the remaining species the fifth chromosome pair was acrocentric in shape. The 
relative lengths of these chromosomes varied from 13.8% for A. sierrae to 11.5% for A. 
aurantiaca. A. psittacina and A. pulchel/a had chromosome pairs that were of approximately the 
same size. Satellites were present on both chromosomes of this pair for A. sierrae, A. pelegrina 

and A. aurantiaca. 
The sixth pair of chromosomes in all species was acrocentric. These varied in relative 

length from 12.5% in both A ligtu species and hybrid to 10.5% and 10.4% in A. pulchella and 
A. psittacina respectively. Satellites were present on one or both chromosomes of the pair for 
A. ligtu species, A. ligtu hybrid, A. sierrae, A. chilensis, A. psittacina and A. pulchella. Sato 
(1938) also noted satellites on one pair of acrocentrics of A. pulchella and Rustanius et al. (1 991) 
and Tsuchiya and Hang (1987) described two pairs of satellited acrocentric chromosomes for A. 
ligtu hybrid. 
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The next chromosome pair was also an acrocentric pair in all of the species studied. The 
relative length varied from 11.4% for A. ligtu hybrid to 9.6% and 9.5% for A. psittacina and A. 
pulchella respectively. Satellites were present on one or both chromosomes of the pair for A. 
/igtu hybrid, A sierrae, A. pelegrina, A. versicolor, A. chilensis, A. psittacina and A. pu/chella. 

The smallest pair of acrocentric chromosomes in all the species varied from 9.5% relative 
length in A aurantiaca to 8.0% in A psittacina. All species except A. ligtu hybrid and A 
pelegrina carried small satellites on this pair of chromosomes. Both of these latter species were 
previously reported to have satellites (Rustanius et al. , 1991 ; Stephens et al., 1993). This may 
indicate that there is some polymorphism of these chromosomes with respect to the presence or 
absence of satellites or may be an artifact of the preparation technique. 

Only one pair of acrocentric chromosomes for A. pulchella and two pairs for A. chilensis 
were identified by Sato ( 1938) as carrying satellites as compared with three and four pairs, 
respectively, identified in this study. This may reflect the discriminating ability of the different 
preparation techniques used or may be an example of polymorphism in these species. 
Polymorphism with respect to satellite presence or absence has been reported in A pelegrina 
(Stephens et al. , 1993) and polymorphism within the genome was observed by Tsuchiya and 
Hang (1989) in A versicolor. 

There were several chromosomes which were common to more than one species. A 
auarantiaca and Leontochir ova/lei both had a medium-sized metacentric chromosome with a 
relative length of about 10%, which had broad heterochromatic bands at the distal end of both 
of the arms. A medium-sized subtelocentric or submetacentric chromosome was also noted in 
A. ligtu, A. chilensis, A. aurantiaca and A. versicolorwhich had a relative length of between 9.4% 
and 10.1 %. This chromosome had a broad heterochromatic band at or near the distal end of the 
short arm in all of these species. A aurantiaca and A. versicolor also had broad bands in the 
middle of the long arm of this chromosome. 

Both Leontochir ova/lei and Bomarea species had similar karyotypes to the Alstroemeria 
species although they each had an extra pair of chromosomes. Wiyte (1929) reported that this 
extra pair of chromosomes for Bomarea species should be placed in group two as an extra 
acrocentric pair. He also noted that this brought the total number of acrocentric chromosome 
pairs to four. The present study also found four pairs of acrocentric chromosomes but since this 
was the same for many of the Alstroemeria species it may not represent an extra pair in this 
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group. The extra pair of chromosomes for Bomarea could be placed in group one of the genome 
if comparison is made to the majority of species studied. However, A. ligtu species and hybrid 
and A. chilensis also had five pairs of chromosomes in this group and only three pairs in the 
second group and so it was difficult to determine in which group the extra chromosome pair 
should be included. 

The largest pair of acrocentric chromosomes in Bomarea were the largest of any of the 
species studied. The other three pairs were of similar sizes to those of the other species. The 
largest metacentric chromosomes, however, were much smaller than the largest ones in the other 
species. In fact, this chromosome was similar in total relative total length to just the longest arm 
of many of the large metacentrics of the other species. Similarly, the second pair of 
chromosomes in Bomarea was of a similar total relative length to the shorter arm of the largest 
metacentric of the other species, although it was subtelocentric in shape. 

The second metacentric pair of chromosomes in Bomarea had a relative length that was 
very close to the length of the third chromosome pair of many of the other species. The second 
subtelocentric pair of chromosomes was exactly the same relative length as the subtelocentric 
pair of A. aurantiaca and the submetacentric pair of A. chilensis. 

The final pair of chromosomes in group one of Bomarea was a small submetacentric pair 
that had a very similar relative length to the submetacentric pairs of A. sierrae, A. pelegrina, A. 
pulchella and A. psittacina. 

The largest pair of acrocentric chromosomes in Bomarea was larger than those found in 
the other species although the difference was not great, 14.4% in Bomarea as compared to 
13.8% in A. sierrae. The other three chromosome pairs of this group had similar sizes to other 
acrocentric pairs in the Alstroerneria species. ,AJI four pairs of acrocentric chromosomes in 
Bomarea carried small satellites as did A. chilensis and A. sierrae. 

These observations suggest that the extra pair of chromosomes in Bomarea are part of 
the first group of chromosomes. It seems likely that either the chromosomes in the largest 
metacentric pair in the Alstroerneria species became disjoined and formed two smaller pairs or 
that the chromosomes of the two smaller pairs of Bomarea fused together to form the larger 
chromosomes found in the Alstroemeria. Unfortunately no Giemsa bands were identified for any 
of the chromosomes involved and so definite conclusions cannot be drawn at this time. 
Modification of the Giemsa banding technique may enable this point to be clarified at a later date. 

Leontochir ova/lei also had an extra pair of chromosomes as compared to the Alstroerneria 
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species. Since this was the only species to have five pairs of acrocentric chromosomes in group 
two of the genome it is assumed that the extra pair were in this group. The two metacentric 
chromosomes of L ova/lei were very small when compared to the two largest group one 
chromosomes of the other species studied. · 

The range in relative lengths of the acrocentric chromosome of L ova/lei was very similar 
to those of the Alstroemeria species, especially A. . sierrae. The extra chromosome pair may be 
due to non-disjunction of chromosomes of pair number 7 since the relative lengths of these 
chromosomes was the same as those for chromosomes of pair 8. Giemsa banding patterns for 
the long arms of both chromosome pairs 7 and 8 appeared to be exactly the same. The larger 
short arm of chromosome pair 8 was of a similar size to the combined lengths of the short arm 
and the satellite of chromosome pair 7. 

ldiograms for each species were constructed from the relative lengths of the long arms, 
short arms and satellites of each chromosome pair (Fig. 10.1). These allow direct comparisons 
to be made among the species with respect to chromosome lengths and shapes. 

A further means of comparison is provided by the diagrammatic representation of each 
genome (Fig. 10.2). These were constructed with the relative length of the chromosome pair as 
the x-axis and the index of the pair as the y-axis. The index is the reciprocal of the ratio or the 
short arm length divided by the long arm length. 

It has been proposed that A. chilensis and A. ligtu species are in fact different names for 
the same species (Bayer, 1987). Comparison of the karyotype for each of these species does 
not support this proposal. The largest metacentric chromosomes, while being of similar size, had 
some differences. One chromosome of this pair in A. chilensis had a thin heterochromatic band 
on the proximal end of the shorter arm of one chromosome of the pair while A. ligtu had a 
heterochromatic band on both chromosomes of the pair. The other chromosome of A. chilensis 
did not have any heterochromatic regions which stained with Giemsa dye. 

The second pair of chromosomes for each species was also of similar size and shape, 
however, the Giemsa banding pattern for each was different. For A. chi/ensis there was a thin 
heterochromatic band in the middle of the shorter arm of the chromosome. One chromosome 
also carried a small satellite. For A ligtu there was a wide heterochromatic band in the middle 
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A. pelegrina A. aurantiaca 

I 2 3 4 5 6 78 I 23 4 5 6 7 8 

A. psittacina A. pulchel la 

11 Ill 11111 
I 2 34 5 67 8 I 23 4 5 6 7 8 

A. chilensis A. ligtu 

I~ 345 6 7 8 I 2 3 4 5 6 7 8 

Fig . 10.1: ldiograms of Alstroemeria , Leontochir and Bomarea species. 
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A. ligtu hyb 

I 2 34 56 7 8 

A. sierrae A. versicolor 

I 234 5 6 7 8 I 23 4 5 6 78 

L. oval lei Bomarea species 

I 2 3 4 5 6 78 9 I 2 3 4 5 6 78 9 

Fig. 10.1 Continued. 
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Fig. 10.2a: Diagrammatic representation of genomes. 
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Fig. 10.2b: Diagrammatic representation of genomes. 
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A. versicolor L. ova/lei 
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Fig. 10.2c: Diagrammatic representation of genomes. 
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of the shorter arm of the chromosome as well as a narrow band at the centromere and another 
narrow band distal to the centromere on the longer arm. 

Chromosomes of pair number 3 had similar shapes for both species but the relative 
lengths were different. One chromosome of this pair in A. ligtu carried a small satellite. The 
heterochromatic banding patterns for both pairs in both species were similar. 

Pair number 4 of A. ligtu was submetacentric in shape and had a relative length of 9.9%. 
The submetacentric chromosome pair of A. chilensis was pair number 5 and it had a relative 
length of 10.1 %, close to that of the same shaped pair in A. ligtu. There was some similarity in 
Giemsa banding patterns with both pairs having a wide heterochromatic band at the distal end 
of the short arm and a fainter band on the long arm. 

The final chromosome pair of the first group of the genome of each species was pair 
number 5 of A ligtu and pair number 4 of A. chilensis and were metacentric in shape. These 
chromosome pairs were of different sizes, 9.6% (A. ligtu) and 11 .0% (A. chilensis). The 
heterochromatic bands were quite similar with the exception of the wide band present at the distal 
end of one arm of the chromosomes of A ligtu which was not observed in the other species. 

The three acrocentric pairs of chromosomes were of different lengths in the two species. 
All three pairs carried satellites in A chilensis but only two pairs had satellites in A ligtu. The 
heterochromatic banding pattern was similar in both species for pair number 6 but there were 
marked differences in the patterns for pairs number 7 and 8. 

There are some similarities between these two species and some differences. It is likely 
that they are in fact biotypes of the same species or it may be that one is an old hybrid of the 
other. The habitats in which A ligtu is known to grow covers a wide area of Peru between 32° 
and 38° south and from the coast inland along the river valleys. This wide range of habitat and 
the isolation of some populations may have resulted in the development of different biotypes of 
the same original species. The morphological characteristics of A /igtu and A chilensis are the 
same. 

A ligtu hybrid is probably the result of a cross between A. ligtu species and A haemantha 

(Gulmon and Mooney, 1980). A comparison of the individual chromosomes of A. ligtu species 
and A. ligtu hybrid revealed that at least one chromosome of each pair in A. ligtu hybrid had the 
same size and shape as one of each pair of the species. The common chromosomes in the 
hybrid and the species respectively were 1 & 1, 3 & 3, 6 & 5, 8 & 8, 9 & 9, 11 & 11, 14 & 13 and 
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16 & 15. The heterochromatic bands on these chromosomes also indicated that these 
chromosomes were of the same origin. 

Interestingly, the chromosomes of each pair of A. ligtu hybrid had almost exactly the same 
heterochromatic bands even though the lengths of these chromosomes were often different within 
each pair. This suggests that, if the other chromosome of each pair was derived from A. 
haemantha, then the latter species must have a similar karyotype to A. ligtu species. No true A. 
haemantha species were available for analysis at this time but Mure study may be able to 
determine whether the genomes of this species and A. ligtu are closely related. 

Similarly, A. psittacina and A. pu/chel/a are thought to be different names for the same 
species (Hannibal, 1941 ; Stinson, 1942; Robinson, 1963). Chromosome sizes, shapes and 
satellite association were similar for all pairs of both of the species. No heterochromatic bands 
were revealed on the chromosomes of A. psittacina using the present technique, whereas some 
scattered and faint banding was found on the chromosomes of A. pu/chella. Conclusions on the 
actual homology of the chromosomes could not be determined at this time since the lack of bands 
on one species may have resulted from the developmental stage of the cells examined and not 
be due to any inherent differences. However, it would appear from the high degree of similarity 
of the two genomes that these two names are in fact just different designations for the same 
species. 

Chromosome numbers in the cultivars varied from diploid (2n=2x=16) to hypertetraploid 
(2n=4x+1 =33). The karyotypes of all cultivars showed some similarities as well as differences 
but aU were rather complicated. 

Two of the three diploid cultivars had eight chromosomes which were metacentric, 
submetacentric or subtelocentric in shape and eight acrocentric chromosomes. This was the 
same distribution as many of the species. The third diploid cultivar, 'Canaria', was somewhat 
different as it had nine chromosomes in the first group and only seven acrocentric chromosomes 
in the second group. One subtelocentric chromosome, chromosome 7, had a ratio of 6.9, which 
was svery close to being classified as an acrocentric chromosome. 

Five of the acrocentric chromosomes in · Canaria' and · Eureka' carried satellites which 
were generally small but occasionally slightly larger than the small short arm of the chromosome. 
'Orchid' had only four acrocentrics which carried satellites. 

There were eleven triploid cultivars included in this study and one, 'Orange Beauty', which 
was hypertriploid. All of these cultivars had twelve chromosomes ingroup one which were 
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metacentric, submetacentric or subtelocentric. Except for · Rosita' the cultivars all had three large 
metacentric chromosomes. · Rosita' had only two large metacentrics. There were also 4, 5 or 
6 medium or small metacentrics in the first group of the genome. The remaining chromosomes 
in the first group were submetacentric or subtelocentric. All triploid cultivars except· Red Surprise' 
had one or two medium-sized subtelocentric or submetacentric chromosomes, none of which 
carried satellites. A tiny submetacentric or subtelocentric chromosome was found in all cultivars 
except 'Mona Lisa' and 'Monika'. None of these carried a satellite except for ·orange Beauty' 
which had a small satellite on the short arm. 'Monika' and 'Mona Lisa' had a slightly larger 
subtelocentric chromosome which had a small satellite. 

There were twelve acrocentric chromosomes in each of the triploid cultivars and thirteen 
in the hypertriploid · Orange Beauty'. There were from one up to nine acrocentric chromosomes 
in the triploid cultivars which were carrying satellites which were generally small but were 
sometimes larger than the short arms of the chromosomes. The range in relative length of these 
chromosomes was similar for all triploid cultivars. 

The karyotype of the tetraploid and near-tetraploid cultivars was somewhat more 
complicated than for the triploids and diploids. There were 16 chromosomes in group one for six 
of the tetraploid cultivars but only 14 in 'Neva' and 'Alnba'. All the genomes except 'Neva' had 
only two large metacentrics. A tiny submetacentric was observed in all of these cultivars with 
those in 'Neva' and 'Alnba' carrying small satellites. 'Ariza' and 'Neva' also had a medium-small 
submetacentric which carried a small satellite. A tiny metacentric chromosome was also found 
in all the tetraploid cultivars except for 'Alnba' and 'Neva'. 

The number of acrocentric chromosomes in these cultivars varied from 16 in ·Jubilee', 
'Orego', 'Ariza' and 'Texas', 15 in the hypotetraploid 'Luciana', 18 in 'Neva' and 'Alnba' and 17 
in the hypertetraploid ' Rosario'. There were two satellited acrocentric chromosomes in 'Rosario' 
and 'Jubilee' with up to seven in 'Alnba'. 

Most of the Alstroemeria cultivars studied were sterile. This is thought to be due to 
interspecific hybrid sterility at the diploid level or because one of the parents was an unknown 
spontaneous tetraploid which resulted in the development of sterile, triploid seedlings (Broertjes 
and Verboom, 1974). Examination of the individual chromosomes of each cultivar revealed that 
while some were dearly homologous, most were not. Observation of these cultivars during 
meiosis is needed to determine the level of pairing for each of them. It should be noted that 
although pairing was fairly normal in A. pelegrina rosea, with eight bivalents, fertility was only 45% 
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(Stephens et al., 1993). Thus, even with very low fertility there may be more regular pairing in 
the cultivars than would be expected. 

The cultivar · Orchid' was derived from a cross between A violaceae and either A 
haemantha or A aurantiaca through the process of mutagenesis. · Canaria' was then derived 
from · Orchid' also through mutagenesis. Comparison of the chromosomes of each of the cultivars 
revealed many similarities between them as well as between the cultivars and A. aurantiaca. 

Chromosome 2 of both cultivars and chromosome 1 of A aurantiaca had approximately 
the same size and shape (Table 10.1). No heterochromatic bands were present on the 
chromosome in 'Orchid' or in A. aurantiaca, however, small bands were present on the distal 
ends of the chromosome in · Canaria'. 

Chromosome 4 of · Canaria' was similar to chromosome 4 of A. aurantiaca. The 
heterochromatic bands of both of these chromosomes were the same. Neither chromosome 3 
or 4 of ·orchid' appeared to match either of the chromosomes of pair 2 of A. aurantiaca. 
However, the total relative lengths of chromosomes 3 and 4 for · Orchid' and · Canaria' were 
almost the same. This suggests that mutagenic treatment may have caused the exchange of 
chromosome arms between these two chromosomes. If the relative lengths of the long arms and 
the short arms of each chromosome are considered the chromosomes of · Canaria' could have 
been created by the exchange of the short arm of chromosome 3 of · Orchid' with the long arm 
of chromosome 4. Since the heterochromatic bands of· Canaria' and A. aurantiaca were located 
on the short arm of chromosome 4 these were still able to be used to identify this chromosome 
in both plants. 

The relative lengths of the long and short arms of chromosomes 5 and 6 of · Orchid' and 
· Canaria' were exactly the same. These chromosomes were subtelocentric in shape. A 
chromosome of a similar total relative length in A. aurantiaca, chromosome 7, was also 
subtelocentric in shape. Heterochromatic bands on the distal ends of the long arm of the 
chromosome in the species were in the same location as the heterochromatic bands on the long 
arms of the chromosomes in the cultivars. The band at the distal end of the short arm were 

present on the distal ends of the chromosome in · Canaria'. 
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Table 10.1. Relative lengths of the long arms and short arms 
of A. aurantiaca, · Canaria' and ·Orchid'. 

Chromc:r Arm A. aurantiaca Canaria Orchid 
some 

1 Long 6.0 6.2 6.5 
Short 5.3 5.3 6.0 

2 Long 5.4 6.0 6.2 
Short 5.3 5.3 4.7 

3 Long 4.2 5.4 5.0 
Short 3.0 4.2 3.5 

4 Long 3.6 3.1 5.0 
Short 2.5 2.9 2.9 

5 Long 2.8 4.5 4.6 
Short 2.6 1.1 1.1 

6 Long 2.6 4.1 4.1 
Short 2.5 1.1 1.0 

7 Long 4.9 3.2 1.8 
Short 1.2* 0.5 1.6 

8 Long 3.6 1.7 2.1 
Short 1.2 1.5 0.8 

9 Long 5.8 1.9 6.5 
Short 0.8* 0.8 0.8* 

10 Long 5.6 6.4 6.1 
Short 0.2* 0.4* 0.2* 

11 Long 5.4 6.4 6.0 
Short 0.3 0.1* 0.3* 

12 Long 5.1 6.1 6.0 
Short 0.4 0.2* 0.3* 

13 Long 5.2 5.7 6.0 
Short 0.3 0.2* 0.2 

14 Long 5.0 5.1 4.7 
Short 0.1 0.2 0.3 

15 Long 4.6 4.7 4.2 
Short 0.3* 0.1* 0.2 

16 Long 4.5 4.2 3.5 
Short 0.1* 0.2 0.1 

*Satellites are present on these arms 
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Chromosome 4 of 'Canaria' was similar to chromosome 4 of A. aurantiaca. The and 
the satellite it carried in the species were not obseNed in the cultivars. If this is the same 
chromosome in both the species and the cultivars then the elimination of part of the chromosome 
may be the result of the mutagenic treatment of the species used to create the cultivars. 

Chromosome 9 in 'Orchid', chromosome 11 in 'Canaria' and chromosome 9 in A. 
aurantiaca all had the same total relative length. The shape of these chromosomes was slightly 
different however. Comparison of the heterochromatic bands on the long arms of the 
chromosomes indicated that they were very similar. 

Chromosome 14 of 'Canaria' and chromosome 13 of 'Orchid' had almost the same 
total relative length as chromosome 14 of A. aurantiaca. The relative lengths of the long arms 
and the short arms of each of these chromosomes were also very similar to one another. The 
heterochromatic banding pattern on the chromosome of A. aurantiaca was also obseNed on the 
chromosome of' Canaria' but there were no heterochromatic bands revealed on the chromosome 
of 'Orchid'. 

The final chromosome in the cultivars that appeared to be similar to one from A. 
aurantiaca was chromosome 16 of · Canaria' and chromosome 15 of 'Orchid'. This chromosome 
in both of the cultivars had almost the same total relative length as chromosome 16 of aurantiaca. 
The heterochromatic banding patterns, however, did not match. There was a wide 
heterochromatic band in the middle of the long arm of the chromosomes of A. aurantiaca but only 
a thin heterochromatic band was found at the proximal end of the long arm of 'Orchid' and no 
bands were obseNed on 'Canaria'. The homology of these chromosomes, therefore, cannot be 
determined from the present study. 

'Eureka' is thought to be composed of two non-homologous genomes (Hang and 
Tsuchiya, 1988). lsozyme banding patterns (part 1 of this study) indicated that the two possible 
parents of the species studied were A. pelegrlna and A. aurantiaca. Comparison of the genomes 
and banding patterns of the two species and the cultivar indicated that both species may have 
contributed chromosomes to the cultivar (Table 10.2). There are a number of chromosomes in 
the first group of the genome of the cultivar that cannot be attributed to either of the species, 
however. 
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Table 10.2. Relative lengths of long arms and short arm 
of A. pelegrina and ·Eureka'. 

Chrom- Arm A. pelegrina Orchid 
some 

1 Long 7.5 6.9 
Short 7.3 6.4 

2 Long 7.2 6.1 
Short 6.5 5.8 

3 Long 4.0 4.8 
Short 3.3 3.5 

4 Long 3.8 2.9 
Short 2.7 2.8 

5 Long 2.3 4.6 
Short 1.8 1.2 

6 Long 2.0 4.0 
Short 1.7 1.2 

7 Long 2.5 1.8 
Short 0.8 1.5 

8 Long 2.4 2.1 
Short 0.8 0.8 

9 Long 6.1 6.6 
Short 0.2* 0.3 

10 Long 5.9 6.0 
Short 0.3* 0.3* 

11 Long 5.5 5.7 
Short 0.3 0.2* 

12 Long 5.2 5.3 
Short 0.3 0.2* 

13 Long 5.3 5.1 
Short 0.2* 0.2* 

14 Long 5.0 4.9 
Short 0.2* 0.1* 

15 Long 4.2 4.2 
Short 0.2 0.2 

16 Long 4.0 3.5 
Short 0.2 0.3 

*Satellite carried on this arm 
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Chromosome 1 of · Eureka' had a similar relative length to chromosome 2 of A pelegrina'. The 
relative length of the shorter arms were almost the same for both plants but the longer arm of the 
cultivar had a shorter relative length than the longer arm of the species. There were no 
heterochromatic bands on these chromosomes for either the species or the cultivar. 

Chromosome 10 of · Eureka' had the same relative length as chromosome 9 and 10 
of A. pelegrina'. However, since there was a wide heterochromatic band in the middle of the long 
arm of the cultivar chromosome, with a narrow band proximal to this, it was unlikely to have 
originated from A pelegrina since it had no heterochromatic bands on these chromosomes. 
Chromosome 9 of A aurantiaca had a slightly longer relative length than chromosome 10 of the 
cultivar. The heterochromatic banding pattern was the same for both of the chromosomes. This 
suggests that A aurantiaca may possibly have been the contributor of this chromosome to the 
cultivar but no firm conclusion can be drawn at this time. 

There was close similarity in the shape, relative length and presence of satellite 
between chromosome 11 of the cultivar and chromosome 10 of A aurantiaca. The distribution 
of heterochromatic bands was also very similar on both chromosomes. 

Chromosome 12 of · Eureka' was the same relative length as chromosome 12 of A. 
pelegrina and almost the same size as chromosome 11 of A aurantiaca. Since there was a 
narrow heterochromatic band in the proximal third of the long arm of the cultivar chromosome it 
is most likely that this chromosome may be attributed to A aurantiaca. The relative lengths of 
the long arm and the short arm of this species was very similar to those of the cultivar. There 
was a satellite present on the short arm of the cultivar chromosome, however, that was not 
observed on the chromosome in the species. 

The next chromosome in ·Eureka', number 13, had about the same relative length as 
chromosome 14 of A pelegrina. The relative lengths of the long arm, short arm and the presence 
of satellites for each of these chromosomes was almost the same. There were no 
heterochromatic bands on either chromosome. This suggests that A. pelegrina may have been 
the contributing species for this chromosome in the cultivar. 

Chromosome 14 of· Eureka' had similar relative lengths for the long arm and the short 
arm of chromosome 14 of A aurantiaca. However, there was a satellite observed on the short 
arm of the cultivar that was not present in the species. The thin heterochromatic band at the 
proximal end of the short arm of the chromosome in the cultivar did not match the banding pattern 
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of the chromosome in the species. It is unlikely that this species was responsible for 

chromosome 14 of the cultivar. 

The final chromosome of the cultivar that may have been related to one of the species 

was number 15. It was almost the same length and shape and chromosome 15 of A pelegrina. 

Furthermore.there were no heterochromatic bands on either of these chromosomes. 

Although it is possible that both A pelegrina and A aurantiaca may have contributed 

chromosomes to the cultivar 'Eureka' it seems unlikely that these were the only species 

contributors. 
The cultivars 'Carmen' and 'Marina' are both 'Parigo' hybrids which were developed 

from the progeny of a three-way cross with A aurantiaca as the first parent (Goemans, 1962). 

The other parents of the cross were not revealed by the English breeder. lsozyme 

characterization of these cultivars revealed that the other species involved in their development 

may have been A haemantha, A magnifica ssp maxima and either A pelegrina for 'Carmen' or 

A psittacina for 'Marina'. Neither A pelegrina or A psittacina revealed any heterochromatic 

bands using the present techniques. A aurantiaca had very distinctive bands on many of it's 

chromosomes. 

Chromosome 1 of 'Carmen' had the same relative lengths of long arm and short arm 

as chromosome 2 of A psittacina (Table 10.3). There were no heterochromatic bands present 

on this chromosome which further supported the hypothesis that the cultivar chromosome may 

be related to chromosome 2 of the species. 

Chromosomes 18 and 19 of · Carmen' had the same relative lengths of long arm and 

short arm as chromosomes 11 and 13 respectively of A pelegrina and none of these 

chromosomes had heterochromatic bands. 

Chromosomes 4 and 9 of 'Marina' were almost the same size and shape as 

chromosomes 3 and 9, respectively, of A psittacina. There were no heterochromatic bands on 

any of these chromosomes further supporting the possibility that these chromosomes were 

homologous. 

Chromosomes 14 and 15 of ' Marina' appeared to match chromosome 10 of A 

psittacina and chromosome 10 of A pelegrina, respectively, but comparison of their 

heterochromatic banding patterns suggests that they are not homologous. 



210 

Table 10.3. Relative length of long arms and short arms 
of A. psittacina , 'Marina' and 'Carmen'. 

Chrome- Arm A. psittacina Marina Carmen 
some 

1 Long 7.2 6.8 6.7 
Short 6.8 6.7 5.9 

2 Long 6.6 6.5 6.3 
short 6.3 5.9 5.9 

3 Long 6.8 6.2 6.2 
Short 1.7 5.7 5.5 

4 Long 6.3 6.7 4.6 
Short 1.8 1.8 4.0 

5 Long 2.5 4.4 5.9 
Short 2.1 3.1 1.8 

6 Long 2.2 4.4 4.8 
Short 1.8 2.6 2.1 

7 Long 2.9 4.8 3.3 
Short 1.1 1.8 2.7 

8 Leng 2.7 3.0 3.2 
Short 1.0 2.7 1.8 

9 Long 6.5 2.4 2.5 
Short 0.2 1.8 2.0 

10 Long 6.2 2.9 1.7 
Short 0.1 0.8 1.6 

11 Long 5.0 2.2 2.1 
Short 0.3 0.7 1.0 

12 Long 4.8 1.6 2.1 
Short 0.2* 1.4 0.7 

13 Long 4.6 6.5 7.2 
Short 0.2* 0.3 0.3 

14 Long 45 6.2 6.5 
Short 0.2 0.1 0.1* 

15 Long 4.0 6.0 6.3 
Short 0.2 0.3* 0.3* 

16 Long 3.6 5.7 5.9 
Short 0.1* 0.2* 0.3* 

17 Long 5.4 5.6 
Short 0.3 0.3 

18 Long 5.3 5.5 
Short 0.4 0.3 

19 Long 5.0 5.2 
Short 0.1 0.3* 
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Table 10.3. Relative length of long arms and short arms 
of A. psittacina, 'Marina' and 'Carmen' cont'd. 

Chromo- Arm A. psittacina Marina Carmen 
some 

20 Long 4.6 4.8 
Short 0.1 0.1 

21 Long 4.3 4.3 
Short 0.2* 0.3 

22 Long 4.0 3.8 
Short 0.1* 0.2 

23 Long 3.5 3.8 
Short 0.1* 0.1* 

24 Long 3.2 3.2 
Short 0.2* 0.4 

*Satellites carried on these arms. 

Chromosome 18 of 'Marina' appeared to be homologous to chromosome 11 of A. 
aurantiaca with similar relative lengths and heterochromatic regions. 

Chromosomes 20 and 23 of 'Marina' were of similar relative size and shape to 
chromosomes 14 and 16, respectively, of A. psittacina. The lack of distinct heterochromatic 
regions on any of these chromosomes further supported the possibility of homology between 
these pairs of chromosomes. 

There were several chromosomes that were common to both 'Marina' and 'Carmen' 
and this indicated the dose relationship between these cultivars. The parental species which 
contributed these chromosomes could not be determined from the present study but may be 
deduced from further analysis of other species. The chromosomes which were of the same 
relative length for long and short arms and had the same heterochromatic patterns were numbers 
2, 3, 11 , 16, 18 and 23 for both cultivars. 

Although A. aurantiaca is known to be one of the parents of these cultivars few dose 
matches could be found between the chromosomes of the cultivars and those of A. aurantiaca. 
Many of the chromosomes of the cultivars exhibited the unique banding patterns of the species. 
However, the differences in measurements of the chromosome arm lengths may have been due 
to experimental artifact or to mutagenic treatment of the cultivars during their development. 
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The cultivar · Appelbloesem · was developed through X-ray mutation of the cultivar · King 
Cardinal' (Mi eke et al., 1985). A comparison of the chromosomes of these cultivars revealed that 
many of them were of the same relative lengths and shape and had the same heterochromatic 
banding pattern. Chromosomes 4, 7, 8, 14, 17 and 21-24 for each cultivar, however, had different 
lengths and banding patterns. For chromosomes 4 this difference in heterochromatic bands 
could be explained by the inversion of the short arm of the chromosome. For chromosome 7 the 
missing heterochromatic band at the distal end of the long arm of · Appelbloesem' may be due 
to the breakage of part of the chromosome arm when subjected to X-ray mutation. 
Chromosomes 14 and 16 of 'Appelbloesem' had heterochromatic bands which could have been 
created by the reciprocal translocation of the distal half of the long arms of the same 
chromosomes in · King Cardinal'. 

lsozyme analysis (part 1) suggested that A aurantiaca and A haemantha may be 
possible parents of these cultivars. Comparison of the chromosomes of the cultivar and A 
aurantiaca revealed some similarities (Table 10.4). Chromosomes could be paired from the 
cultivar · King Cardinal' and the species based on their relative lengths, shapes and 
heterochromatic banding patterns. These pairs were for chromosomes 3 and 1, 7 and 4, 13 and 
9, 14 and 9, 16 and 11, and 21 and 16 of the cultivar and the species respectively. 

Comparison of the chromosomes of many of the other cultivars with those of the 
species also revealed the similarities between them. It was possible to identify many 
chromosomes in the cultivars to determine which species were possible contributors of these 
chromosomes to the cultivars. Wth the addition of information on other species more of the 
chromosomes may be attributed to specific species. 

The presence of specific unique chromosomes in the cultivars ·orange Beauty' and 
· Rosita' were proposed to be useful in the identification of the parental species which contributed 
them (Hang and Tsuchiya, 1988). They may have originated from A. pelegrina (Stephens, et al. , 
1993). Comparison of the banding patterns of chromosomes 11 of ·orange Beauty' and 12 of 
· Rosita' to chromosomes 7 and 8 of A. pelegrina revealed that the chromosomes in the two 
cultivars had satellites which were heterochromatic and there was a narrow heterochromatic band 
near the centromere of the chromosome in ·orange Beauty'. There were no satellites on the 
chromosome of A. pelegrina in the plant included in this study but satellites were noted on the 
same chromosome of other plants of this species (Stephens et al ., 1993). No heterochromatic 
bands were revealed on the species chromosomes. 



213 

Table 10.4. Relative length of long arm and short arm 
of · King Cardinal' 

Chromo- Arm Length Chromo- Arm Length 
some some 

1 Long 7.8 2 Long 6.1 
Short 6.6 Short 6.0 

3 Long 5.9 4 Long 5.3 
Short 5.5 Short 3.4 

5 Long 6.2 6 Long 4.7 
Short 1.8 Short 1.7 

7 Long 3.7 8 Long 3.1 
Short 2.8 Short 2.8 

9 Long 2.3 10 Long 3.0 
Short 2.0 Short 0.7 

11 Long 2.3 12 Long 1.6 
Short 0.9 Short 1.4 

13 Long 6.6 14 Long 6.1 
Short 0.3 Short 0.3 

15 Long 5.8 16 Long 5.5 
Short 0.3 Short 0.2 

17 Long 5.4 18 Long 5.3 
Short 0.1 Short 0.1 

19 Long 4.8 20 Long 4.7 
Short 0.4* Short 0.3 

21 Long 4.6 22 Long 4.2 
Short 0.2 Short 0.2 

23 Long 3.9 24 Long 3.8 
Short 0.2 Short 0.2 

*Satellite carried on this arm 
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The chromosome in Rosita' seemed to be completely homologous to that of A pelegrina while 
that in · Orange Beauty' was slightly different and could not be unambiguously identified as 
originating in A pelegrina. 

The study confirmed that chromosomes may be accurately identified based on the relative 
lengths of their long and short arms, their shapes and their heterochromatic banding patterns. 
Once these chromosomes have been identified it may be possible to follow their distribution within 
a cultivar following hybridization. However, when mutagenic agents were used to create new 
cultivars changes occurred in some of the chromosomes. It may be possible to deduce these 
changes from the changes in the banding patterns of the chromosomes in some instances. 
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Chapter 11 

CONCWSION 

The objectives of this study were to uniquely identify and characterize the species and 
cultivars of Alstroemeria as well as species in Bomarea and Leontochir and to provide data that 
may be useful in determining the probable parents of the commercially grown cultivars of 
Alstroemeria. Two approaches were used to attain these objectives. The first was to utilize the 
polymorphism known to exist within the enzyme systems of many plants, through the 
characterization of the isozyme banding patterns of these plants. The second was to carry out 
an extensive cytological study of the materials in order to identify each of them with respect to 
the chromosome complement and the Giemsa banding patterns of each of the chromosomes or 
chromosome pairs. 

Some of the species used in this study involved plants which had different color types and 
others involved materials which are thought to carry different names even though they are the 
same species. 

lsozyme analysis revealed that the two color types of A. pelegrina were no different in 
enzyme polymorphism and should be considered to be genetically similar. Earlier karyotype 
analysis of this species (Stephens et al., 1993) revealed that there were no cytological differences 
between them. The two color variants of A. aurantiaca showed some variation in isozyme 
patterns. Only PGM exhibited exactly the same zymogram. The other enzyme systems had 
some bands in common for each of the color variants and some that were unique for each. This 
study suggests that there may be differences among different populations of A. aurantiaca and 
investigation of plants from different sources should to be undertaken. 

A. psittacina and A. pulchel/a are generally considered to be different names for the same 
species and the similarity in isozyme banding patterns and karyotypes supports this idea. The 
presence of heterochromatic bands on chromosomes of A. pulchella but not on A. psittacina may 
indicate that there may be some differences between them that have not been revealed in the 
present study. Alternatively, the differences may be related to the experimental technique and 
further investigation is needed to darify this. 

Similarly, A. ligtu and A. chilensis are thought to be synonymous. However, slight differences 
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1Aere identified for these tv.o species wth regard to isozyme banding patterns, karyotypes and 
heterochromatic bands. It is likely that these species may be dosely related or are possibly 
biotypes of a single species. 

A. tigtu hybrids are the result of a cross between A. ligtu and A. haemantha. lsozyme 
analysis revealed that there is a good relationship between A. ligtu species and hybrids as v.€11 
as between A. haemantha hybrid and A ligtu hybrid. The karyotype analysis and Giemsa 
banding patterns of the chromosomes indicated that many of the chromosomes in the hybrid 
originated in A. ligtu species. The proposed parentage for the A ligtu hybrids is supported by the 
results of this research. 

Unique chromosomes have been identified in some of the species \M'lich can then be found 
in the rultivated varieties. These indude the chromosomes of pairs nunt>er 3 and 4 of A. 
aurantiaca wiich could be identified in the complements of the rultivars · Canaria' , ·Orchid', · King 
Cardinal' and · ,Appelbloessem' as 'Aell as several of the acrocentric chromosome pairs. Giemsa 
banding was also used to determine wiether chromosomes from A. pe/egrina, ·orange Beauty' 
and 'Rosita', wiich had been previously proposed to be of the same origin, 1Aere actually 
homologous. The results indicate that the only the chromosome in · Rosita' could be dearly 
identified as originating from A. pelegrina .. 

Using these tv.o approaches (isozyme and karyotype analysis) in the investigation of the 
species of A/stroemeria it is possible to uniquely identify each one of them. This information can 
be used to detemine the possible parentage of the many rultivars rurrently grO'Ml. 0,ce this 
infonnation is ascertained a breeding program can be initiated wiich wll be more efficient in the 
production of new rultivars for the United States. 

There is much confusion as to the relationship between species \M'lich \Nere collected and 
named by different groups over many years. In some instances the same name has been given 
to different plant species and on other occasions the same species has been given different 
names. The present approach to identification of the species should enable collectors to 
aa::urately identify their material. 

Sirrilarly, the aa::urate identification of rultivars for patent applications and for the protection 
of the breeder is very important. Using isozyme characterization and cytological analysis the 
unique identification of each rultivar is possible. 

Using only three isozyme systems it is possible to identify all of the species used in this study 
wiile only tv.o isozyme systems are needed to separate all 23 rultivars studied. Chromosomes 
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w,ich are morphologically sinilar among different species can be distinguished from one another 
based on their Gemsa banding patterns. Chromosomes w,ich are of the same origin can be 
identified in the cultivars. 

The genera Bomarea and Leontochir are dosely related to the genus AJstroemeria. 
Examination of the karyotype of each genera revealed many similarities between them although 
the obvious difference i,,vas in the chromosome number of each. The former tm species could 
be easily distinguished from all of the AJstroemeria species based on their isozyme patterns. 
However, there were many isozyme bands w,ich were corrroon to AJstrcemeria and either one 
or both of the other genera or w,ich were dose enough to be allozymes of the same loci. The 
distribution of the acrocentic and the smaller metacentric and submetacentric chromosomes as 
shO\Ml in the diagrammatic representation of the genomes \N8S very sinilar for all three genera. 

The present study provides an approach w,ich can be used to further the understanding of 
the relationships between these three genera and of the relationship of the species to the 
cultivars. Wien more species have been studied and their unique characteristics revealed, it will 
be possible to use this information to unravel the identity of the putative parents of the European 
cultivars. The information available through these approaches at least allows the unique 
identification of species and cultivars. It may also be used to determine the possible parents of 
many of the cultivars induded in this study. 
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