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ABSTRACT OF THESIS 

CHROMOSOME STU DI ES OF ALSTROEMERIA PELEGRINA L. 

Karyotype analysis is one of t he approaches to determine the parental species 

used for hyb rid variety breeding. A lstroem eria pelegrina L. is considered to be one 

of the prim ary p;:ircnt.s used in t.h c development of rn;:in y co rnrnerci;:il cultivars of 

Alstroemeria. Somati c chromosomes were prepared from root t ip cells using the 

acetocarmine squash method. Me;:isurements from these cells were then used to 

develop a karyotype fo r A. pelegrina L .. 

The genome of A. pelegrina L. w;:i.s shown to consist of t wo groups of four chro-

mosomes each. T he first gro up consists of met ;:i cent ri c or submetacent ri c chromo-

somes in which t he smallest submetacent ri c is satelli ted . The second group consists 

of four acrocent ri c chromosomes in which chromosomes 5, 7 and 8 are satellited. 

The small subrnetacentric satelli ted chromosome in the fi rst group provides 

a marker chromosome whi ch is unique to A . pelegrina L.. The presence of this 

chromosome in t he karyotype of a cul ti va r would indi cate that A . pelegrina L. was 

a parent of that cul t ivar. 

Al t hough A. pelegri11 a L. wa s shown to h;:ive a very simi lar karyotype for all the 

pl ants studied there were some differences between them . This indicates that chro-

mosomal changes may be occurring within the sp ecies in individual plants resulting 

in karyotypic polymorphi sm .. 

A stud y of t he anthers from immature buds at anaphase I showed 8-8 separat ion 

wit hout an y abnormality. T he stages of diak inesis or meta.phase I showed that 

chromosome pairing was norm;:il with S bivalents. 

Ill 



Pollen viability varied from 44 . 7% in A. pelegrina L. ' rosea' to 80% in A. pele-

grina L. 'alba'. 
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Chapter 1 

IN TRODUCTION 

Alstroemeria has become a. popular cut flower in recent yea.rs with most of 

the cu lt ivars ha ving originated from polyp loidi zation and hybridization of various 

parental species as well as from mutagen treatment (Broertj es and Verboom, 1974; 

Verboom , 1980). 

Detailed studies of the chromosomes of species and cultiva rs will provide some 

information on the origin of the cultivars. Once the pa.rental species are known 

and documented it wi ll be possibl e to develop new varieties by a. systematic and 

organized breeding program. 

At the pre ent time Alstroemeria growers rn the United States a re required 

to pay substantial royalt ies to the Du tch breeders which is assessed on the square 

footage in production. Plants are normall y leased to the greenhouse owner from the 

breeder (Healy and Wilkins, 1981). 

Since the pedigrees of most of the cu lt ivars are known on ly to the original 

breeders one of the object ives of Alstroemeria cy tology is the determination of the 

parental species used in cu ltiva.r development. Detailed karyotype analysis of wild 

species will provide the information on chromosomal constitution necessary to estab-

li sh the probable parental species utili zed for cultivar development in Alstroemeria. 

Thus it is possible to produce our own unique cult ivars for use in the United 

States through the detai led study of the karyotype of the species known to have 

been used a.s pa.rents for cultiva.r produ ction. Comparison of these karyotypes with 

those seen in commercial cultiva.rs will provide breeders with the information needed 
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to begin a successful breed ing program. Thi s will result in substantial savings to 

local growers. 

Although chromosome studies in the genus A lstroemeria were first reported 

in by Strasburger as early as 1882 they have been spasmodic and rather limi ted. 

More recent studies by Tsuchiya. and Hang (1987, 1990) and Hang and Tsuchiya. 

(1988) have contributed considerab ly to our knowledge and understanding of the 

chromosomes of several cultiva.rs and species of Alstroemeria. 

However, during their preliminary studies Tsuchiya. and Hang (1990) found a 

possible ka.ryotype polymorphism in some species. 

It is importa nt to study chromosomal constitution in cluding ka.ryotypic poly-

morphism in detai l in each species in order to use it for analysis of the origin of 

various cultivars. 

This research focu ses on the analysis of karyotype of A. pelegrina L. including 

ka.ryotypic polymorphism. This work also provides some informa.t ion on meiotic 

chromosome behaviour and pollen fertility of several plants in this species . 



Chapter 2 

LITERATURE REVIEW 

2.1 Background 

Alstroemeria pelegrina was first mentioned in the wri tings of Father Fueillee in 

1714. This Spanish botani st said that it was the favorite flower of t he Incas . It is 

native to the coas tal sand dunes of Chi le and Peru and was found in the gardens 

of the Inca rulers of Peru. It is quite possible that thi s is t he origin of the name 

Peruvian Lily. It was introduced to I~ew gardens in 1753 (Robinson, 1963 ). 

Carolus Linnaeus received seeds from hi s fri end Alstroemer who had collected 

them from Father Fueill ee in P eru. The genus was subsequently named in honor of 

Alstromer and first species receiYcd was named Alstroemeria JJ fTegrina. There is a 

descrip t ion an d illust rat ion of this in Linnaeus' work (Linna.eus, 1762) . 

J. G . Baker (1888) indi cated that the habitat of A . Pelegrina was "Hab. Chile, 

near Valparaiso etc." Uphof (1952) states that "apparently the center of distribution 

of the genus is Chi le and adjacent territory. Some species have a wide dis tri bu t ion 

like A. pelegrina and A . ligtu". 

The taxonomic placement of Alstroemeria is as follows: 

Kingdom : 
Di vision : 
Class: 
Super Order: 
Order: 
Family: 
Genus: 

Pl antae 
Anthophyta 
Monocotyledones 
Liliiflora.e 
Lili al es 
Al stroemeria ceae 
Al stroemeria 
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Initially the alstroemeri a. were described by Father Feuillee under t he name of 

Hem erocallis (Uphof, 1952). Herbert (1837) recogni zed 29 species of Alstroemeria 

which he included in the famil y Amaryllida ceae (Stinson , 194 2). The genus re-

m ained in thi s family un t il Hu t chin son (1934) recogni zed it as a genus in the fam ily 

Alstroem eriaceae (Uphof, 1952) . 

By 1985 however Dahlgren et al . (1985) had fur t her invest igated t he phylogeny 

of t he genus and con cluded th at it should be classified as above. 

The genus Alstroemerin is com posed of herbaceous perenn ials with roots which 

have thi ckened to fo rm rhi zomes. These roots are modified to store nutrients and 

water and often contain a consicl era.b le amount of starch . Th e stem s may be up to 

4111 long or so small that they a.re barely visible above the surface (.4 . pygmaea). The 

leaves a.re t urned upside down, or resup in a.te, due to the twisting of the base. The 

lea.fba.se is more or less sessi le \\' ith the leaves being la.nceolate to linear in sha.pe. 

The branches end in umbel-li ke inflorescences whi ch ma.y have from one (seldom, 

A . pygmaea) to 10 to 30 fl owers (.4. aurantiaca). The fl owers a.re often subtended by 

green , leaf-like bracts wh ich va.ry from very minu te (A. apertifi ora) to qui te large (A . 

caryophyllaea). The brightly colored fl owers are often spotted and a.re t rimerous , 

epigynou s, b isexual and act inornorphi c or slight ly zygomorphic. The lO'vver segment 

of t he inner cycle di ffe rs in shap e and coloring from t he other two members \\'h ereas 

t he t hree segments of the outer cycle differ in shape from t he th ree in the center. 

There a.re 3+3 stamens whi ch have narrow fil am ents and small oblong anthers 

which are attached by t he ba.se. T he ovary is inversely coni cal and three celled . Ea.ch 

cell contains m any superi mposed ovules. T he single style is fili form , t he stigma bei ng 

separated a.bout ha.If way cl own into t hree par ts or lobes with the stigma.tic surface 

being of the wet type. T he frui t is a cleh iscent, loculi cida.ll y 3-va.lved capsule and 

the seeds are globose (Dahlgren et al., 1985; Uphof, 1952). 

A. pelegrina bas sterns ab out 30cm or less high with a.bout 30 t hin ascending 

leaves whi ch a.re 5cm or less long and 1.25cm or less wide . T he flowers a.re usuall y 
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pink or white. There is a greater or lesser degree of marking with reel or deep pink 

on the two erect perianth segments , the others being usually flushed with the same 

color (Bailey, 1947; Robinson, 1963). This can be seen in figure 2.1. 

Many of the cul ti vars of A lstroemeri:a are polyploids, however there are some 

which are diploid (Tsuchiya. and Ha.ng,1987, 1990; Tsuchiya et al. , 1987 ; Hang an d 

Tsuchiya, 1988,). Because of th e la.ck of detailed informat ion on th e pedigree of 

many of these cultivars it is difficult to determine their true origin. 

Examination of a total of 25 cu ltivars by Tsuchiya and others showed that only 

four were diploid (2n=2x=l6) while eight cultiva.rs were tetraploid (2n=4x=32) or 

near tetraploid (2n=4x-1=31 , 2n=4x+1=33), twelve were triploid (2n=3x=24) and 

one was hypertriploid (2n=3x+1=25 ). 

The four diploid cul t ivars ' Eureka. ' , ' Zebra' , 'Ca.naria ' a nd ·Orchid ' clearly show 

that the two genomes a.re not homologous, suggesting hybrid origin of two pa.rents 

with different ka.ryotypes (Hang a.nd Tsuchiya., 1988). Three of the trip loid cultivars 

contain two homologous or near homologous genomes and one different genome. 

The other triploid cultiva.rs have three different genomes (Hang and Tsuchiya., 

1988). Analysis of the tetraploid cul t iva.r ' Lu ciana.' suggests t hat it may contain 

two genomes from each of t,vo different parents whereas ' Jubil ee' whi ch is also te-

traploid probably has three sets of one genome and on e set of another genome (Hang 

and Tsuchi ya , 1988) . 

Brief analysis of twelve species (Tsu chiya. and Hang, 1987; 1990) showed tha t 

they were all diploid (2n=2x=16 ). Meiosis generaJly showed eight bivalents at 

metapha.se I and pollen fertility ranged form 80 to 98 percent . 

2.2 Karyotype analysis 

Taylor (1926) reported on several studi es of Alstroem eria species by Strasburger 

and Guignard as well as on his own observations. Strasburger (1882 ) worked wi t h 



Figure 2.1: Examples of A. pelegrina 'rosea' and 'alba'. 
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A. chilensis Lood. and observed n=8 chromosomes in mi cros pore development. His 

figures would seem to indi cate li tt le more than a sligh t difference in size between 

the chromosomes. 

Guignard ( 1884) studied A . pelegrina and A . psittacina which bc ,th showed n= 

chromosomes. A. pelegrina chromosomes were found to exhibit both median and 

terminal fiber-attachment. 

Taylor (1926) studi ed t he species A. braziliensis and found that root tips showed 

2n=l6 chromosomes. These a.re of qu ite different sizes and he pl aced them into 

six classes . In the first class he lists the largest chromosome pair which "has the 

fiber attachment constrict.ion near its center" . The second pair he describes as long 

chromosomes with well developed shor t. arms about 2-3 times as long as broad. Next 

t here a.re three pairs of acrocent.ri c chromosomes as well as one pair of acrocentrics 

with satellites . The seventh pair is similar to th e second except t hat it is mu ch 

shorter. The eighth pair has submedian fiber a.tta.chment but is much smaller than 

the fi rst pair . 

Whyte (1929) publi shed a study of the chromosomes of Alslroeme1·za and Bo-

marea. He used both microtome sections and the smear method and found that the 

smear preparation s provided a more accurate depiction of meiosis. Whyte ( 1929) 

studied t he chromosomes of A. a1tranti:aca, A . pulche lla and A. haemantha and con-

cluded that t hey all agree with the account given by Taylor (1926) for A . braziliensis. 

The soma.ti c chromosomes studied in root tip mi toses were then grouped into six 

classes. 

There was a. pair of large rnetr1centr ic chromosomes, a. large su bmeta.centric 

pair with satelli tes, a pair of a.crocent ri c chromosomes with satellites, three pairs of 

shorter acrocentri c chromosomes, a small submetacentric pair and a small metacen-

tric pair. 
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In observations of the meiotic di visions of pollen mother cells of A. pulchella a 

number of bivalent chromosome types were noted. These chromosome types were 

classified according to th e shap e of the bivalent pair during meta.phase I. 

Whyte's study (1929) of the eight pairs of chromosomes of Alstroemeria con-

firms the description given by Taylor (192.5) as outlined above, t he only additional 

observation being that there is a large di stal satelli te on the large submetatcentric 

pair of chromosomes. 

Sato (1938) studied t he ka.ryotypes of several famili es wi thin Amaryllidaceae 

including two species of A lstroem erin, A. chilensis and A. pulchella, using mi crotome 

sections. 

A. chilensis has 16 chromosomes. Two pairs of long chromosomes with sub-

median constriction and six pairs of short chromosomes of which four pairs have 

subtermin al const ri ct ions and t he remaining pairs have submedian ones . One pair 

of long chromosomes has a. sa t.ell it.c on t he short arm , one pair of short chromosomes 

has a satellite at. th e prox im al end and a.not.h er pai r of short chromosomes also has 

a satelli te at the di sta l encl. 

A . pulchella al so has 16 chromosomes but these were generall y found to be 

shorter th an those in A . chilensis. The chromosome complement has one pair of 

long chromosomes with submedi an constriction s, one pair of medi an ch romosomes 

with subtermin al constri ct ions and six pairs of short chromosomes of whi ch four 

pairs have almost term in al const ri ctions, one pair has a sub termina.l constri ction 

and the remainin g one pair has a median one . Of these chromosome one pair of 

short chromosomes with an ex tremely subtermina.l constri ction has a satelli te at its 

proximal end. 

The pair of med ian chromosomes was also though t to exhibit a secondary con-

striction in t he distal arms and thus be SAT-chromosomes. lt. is suggested that th is 

pair of median chromosome. in rl. p11/ch clln may be deri ved by an im·ersion of the 

short arm with a. satelli te of the long chromosomes in A. chilensis. 
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The book "Chromosome Atlas of Flowering Plants" (Darlington an d Wylie, 

1955) indicates also that La. Cour found the chromosome numbers for A . ligtu, A . 

rosea and A . campaniffora to be 2n=l6. 

Tsuchiya. and Hang (1987, unpubli shed data.) studied 11 species and 25 culti-

va.rs in the genus Alstroemeria. All 9 species had 2n=2x=l6 chromosomes in agree-

ment with t he work outlined above. The 11 species studied were A. aurantiaca, A. 

psittacina, A. p11lch ell a, A. pclcgrin a, A. versicolor, A. haem a nth.a, A. chilensis, A. 

caryophyllaea, A. light, A . siera a.nd A. hookeri. There was however considerable 

differences noted in the ka.ryotypes of these species with some showing their het-

erozygous nature with one or more non-homologous pairs. Meiosi s was norm al and 

high pollen fertility was noted. 

Of the 25 cul t ivars recorded four were 2n = 2x=l 6, twelve were 2n = 3x= 24 , 

one was 2n=3x+l=25, six were 2n=4x=32, one was 2n=4x+l=33 and one was 

2n=4x-1=31. Meiotic behaviour wa.s abnormal in all cu lt ivar and pollen was al-

most completely sterile except for the hypertr iploid ' Orange Beauty' and most of 

the tetra.ploids which showed low pollen fertility. 

Prelimin ary resu lts of ka.ryotype analysi s of the dip loid cu ltiva rs (Hang and 

Tsuchiya., 1988, Tsu chiya et al., 1987) indi cate the hybrid origin of the cu lt iva.rs 

' Orchid ', 'Ca.na.ria.', ' Eureka.' a.nd ' Zebra.'. 

The genomes of t hese diploid cu lti va.rs consist of two groups of fou r chromo-

somes : 

1. A large meta.centri c or submetacent ri c, a. medium-sized submetacentric or sub-

telocentri c, a. small metacentri c or submeta.centri c and a. subtelocentri c all 

withou t sa.telli tes. 

2. Four a.crocentric chromosomes of different sizes with very small short arms 

with or without satelli tes. 
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The six cultivars which showed the triploid chromosome number of 2n=3x=24 

have different karyotypes although they all had 3 large metcentric or su bmetacen-

tric chromosomes in common . The chromosome complements in the triploids ranged 

from three non-homologous genomes in the cultivars 'Yellow King' and ' Mona Lisa ' 

to two homologous and one different genome in the cultivars 'King Cardinal' , 'Appel-

bloesem' and 'Pink Triumph ' . The cul ti var ' Rosita' has a more complex karyotype. 

Its principal feature however is the presence of a small subtelocentric chromosome 

with a distal satellite on the short arm, which is not found in any of the other culti-

vars . The hypertriploid culti \'ar 'Orange Beauty ' has one extra. telocentric chromo-

some. The remainin g chromosomes com pri se two homologous genomes a.nd a third 

genome which cont.a in s an other spec ial chromosome, the small es t sub telocentric with 

a tiny satelli te on the short a.rm. 

The tetraploid cultivars ' Lu cian a.' (2n=4x-1=31) and ' Jubilee' (2n=4x=32 ) ex-

hibit very different chromosome const itiutions. ' Luciana' probably consists of two 

different parental species or biotypes with approximately 12 pairs of chromosomes 

that seem to be homologous or almost homologous. 'Jubilee' has a chromosome 

complement whi ch can be di vided in to two groups of two genomes ea.ch. Ten pa.irs 

were homologous or near homologous in chromosome size and shape . This culti-

var also contained a. unique chromosome, a medium sized submetacentri c carrying 

a tiny satellite on the short arm. This chromosome is different from the medium 

sized submetacentric SAT-chromosome found in the culti va.rs ' Orange Beauty' and 

'Rosita '. 

T suchi ya. et al. (1987) found simil ar genomi c arrangements in 10 other culti va.rs 

studied , with one group of 4 meta.centri c a.nd/or submeta.centric chromosomes of 

various sizes and a second group of four acrocentrics with tin y short arms with or 

without a satelli te. 

St udies of A . lighL hybrids (Tsuch iya. et al., 1987) however show a considerable 

difference from that of other cultiva.rs. The ma.in differences a.re (1) a total of 10 
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chromosomes are metacentric, submeta.centric or subtelocentric, rather than the 8 

seen in other cultivars, (2) two submetacentric pairs of medium size carry satellites 

of different sizes on their short a.rms a.nd (3) depending on the cell observed , one or 

two of the smallest a.crocentric chromosomes showed a tertiary constriction at the 

distal segment of the long arm. Meioti c pairing in ligtu hybrids was almost normal 

with 8 bivalents in most of the sporocytes. This genera.I ka.ryotype of li:gtu hybrids 

was also noted by Rustanius et al. (1990) . 

A summary of the information available on the chromosome numbers and ka.ry-

otypes of various species and cultiva.rs of the genus Alstroem eria is presented in 

Tables 2.1 and 2.2. 



Tahle 2 . 1: C hro m osome n11111h e r a nd l«nyol.y pe o f spe c ies o f ge nus Alsf.rocm cria 

Author 
Slr;i.s bnrgc r, 1882 

G11i gna.rcl, 188'1 
1891 

Taylo r, 1926 

Why te , I 929 

Sato, 19:13 

Species 
A. chilensis 

A. peleg,-ina 
A. psitlacina 

A. bmziliensis 

A. aurantincn 
A. 7mlchelln 

A. lwemnntha 

A . cl1ilensis 

C hromosome 
number 
n =8 

n = 8 
n =8 

2n = 1fi 

2n = lG 

2n = 16 

I< a.ryoty pe 

Met acentri c , t elocentri c 

2 la rge m etacentr ic 
2 snhme l. a.ce nt ric 
6 a.c.rocentri c 
2 a.crocentric wi t h sa t ellites 
2 sm all subm eta.ce ntri c 
2 au bteloccn lric 

2 huge m eta.centri c 
2 subm eta.centri c with dist al satelli tes 
2 sm all acrocentri cs with proxim al satellites 
6 a.crocentri cs of equ al length 
2 snrn.11 metacentrics 
2 sm;i.11 subtelocentri cs 

2 l;i.rge mct acentri cs 
'1 s m a ll s11bmeta.centri cs 
2 s rn;i.11 acrocen t ri cs with proxima.l sa.tcllit.es 
2 small acrocent ri cs with di st ;i.1 satelli tes 
'1 sm all a.crocentri cs 



Table 2.1: C hromosome nu111hc r and karyot.y pc of spec ies of genus A lstroc-
m eria (continued) 

Author 
Sat.o, l !J38 

Goodspeed, J 9·10 

La Com, L9'15 

Tsu chi ya a.nd Ji a ng 
1990 

Species 
A. Jllllrh clla 

11. 'ligfu f'!J7>r' 

A. light. 
A. rnsra 

A. cn.mpnniflorn 

;1. numnlinca 
A. vsillarinn 
A. 711,.lr. h. f'. lla 
A. 71rlc9ri11n. 

11 . vrrsir:olor 
;\ . hn. rmnn lh a 
1\ . r./1-ilr.nsis 

A. caryo71hylln. ca 
A. hool.:cri 

C liromoso111e 
number 
211. = 16 

211. = :32 

211 = IG 
2n = I () 
211 = IG 

211. = 2:r = JG 
211 = 2:r = JG 
211 = 2:t = lG 
211 = 2:r = JG 
2n = 2:r = JG 
2n = 2:r = I G 
211 = 2:r = I G 
211 = 2:r = I G 
211 = 2:r = I G 

K<1ryotype 
2 la rge s uhrnetacc11t. rics 
2 rnetnccntri cs wit h d ista l satellites 
8 acroccn t.rics 
2 acrocent ri cs with proxima l satel lites 
2 suhtc locentrics . 



Table 2.2: Chromosome number and karyotype of cultivars of genus Alstrnemeria 

A11lhor 
Droerljcs & 
Verboom , 1974 

Tsuchiya a.nd Hang, 1987, 
Tsuchiya. et <Ii., 1987 
Ha ng and Tsuchiya., 1988 

Cul ti var 
A. 'Orchid' 
A. 'Beauty' 
A. 'Edison' 
A. 'Starosa' 
A. 'Regina' 

A. 'Eureka' 
A. 'Zebra' 

A. 'Canaria' 
A . 'Orchid' 

12 triploid 
cul ti vars 

Chromosome 
number 

2n = 2x = 16 
2n = 2x = 16 
2n = 2x = 16 
2n = 2x = 16 
2n = 3x = 24 

2n = 2x = 16 
2n = 2x = 16 
2n = 2x = 16 
2n = 2x = 16 

2n = 3x = 24 

A. 'Orange Beauty' 2n = 3x + 1 = 25 
A. 'Luciana' 2n = 4x - 1 = 31 

6 tetraploid 2n = 4x = 32 
cultivars 

A. 'Rosario' 2n = 4x + 1 = 33 
A. litu hybrids 2n = 2x = 16 

Karyotype 

2 large metacentric or submetacentric 
2 medium submetacentric or subtelocentric 
2 small metacentric or submetacentric 
2 subtelocentric without satellites 
8 acrocentric with or without satellites. 
All triploids have three large metacentrics 
or submetacentrics in common. 
'Rosita' includes a small subtelocentric 
with a distal satellite. 

Includes one extra telocentric chromosome. 
The smallest subtelocentric in the genome 
has a. satellite. 
'Jubilee' includes a medium submetacentric 
with satellite. 

8 metacentric, submetacentric or subtelocentric 
4 medium submetacentric with satellites, 4 
acrocentrics with or without a tertiary constric-
tion at the distal segment of lhc long a.rm 

...... 
CJl 



Chapter 3 

MATERIALS AND METHOD S 

The plants of A. pelegrina L. used in this study are listed in Table 3.1 along 

with their source and in which pa.rt of th is experiment they were used. 

Table 3.1: A. pelegrino L. used in th is study 

Acquisit ion 
Plant number Color Origin Experiment 

1 89H- 7-8 rosea Dr. S. Hirao , Japan Mitosis 
2 87H-10-4B alba Hortus Bota.n icus Gotoburgensis Mitosis 
3 87H-2-12 rosea Dr. S. Hirao, J apan Mitosis 
4 87H-5-l Mr. Salmon , Avon , England Mitosis 
5 87H-10- 13 Hortus Bota.ni cus Gotoburgensis Mitosis 
6 88H-3-l Dr. R. W ygna.nki , Chile Meiosis 
7 87H-10-2 alba Hortus Botanicus Gotoburgensis 1eiosis 
8 87H-2-4 rose a. Dr. S. Hirao, J apan Meiosis 

The plan ts were grnwn in a 1:1:1 mixture of peat, perlite and soil or a 2:2:l 

mixture of perli te, sand a.nd gravel to facilitate the collection of root t ips for the 

study of mitotic chromosomes. No art ifi cial lighting was used durin g the growing 

period and the temperatures ranged from approximately 11 °C at night to l 7°C 

during the day. Shading with 30% shade cloth was also provided. 

3 .1 M it osis 

Root tips were coll ected fro m September, 1989 unti l Ma.y, 1990 between 3 and 

4 p.m. The pl ants were gently removed from the pots and white, actively growing 

root t ips were cut and placed into Yia.l s of di stilled water. The via ls were then pl aced 
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into containers of ice and water (1 °C) and stored in a refrigerator for 18 hours. A 

pretreatment time of less than 18 hours resu lted in nicely constricted chromosomes 

but they were difficult to separate. The slight ly longer pretreatment resulted in well 

separated chromosomes with clearly visible satell ites . 

After pret reatment, t he root tips were transferred to different vials containing 

a 3:1 mixture of 95% ethanol:gla.cia.l acetic acid for fixation . The vials were then 

left at room temperature for 24 hours. 

The fixed roots were then tran sferred to a solution of 0.7% carmine in 45% 

acetic acid (a.cetoca.rm ine). Preparations were ma.de using T such iya.'s modified ace-

tocarmine squash method (Tsuchiya, 1971 ). lf squas hes were attempted within 24 

hours after staining it was diffi cul t to work with the root tips and many broken 

cells were found. Tria.l and error determined that the root tips should remain in 

the acetocarmin e for one week at which time chromosomes were darkly stained and 

squashes were sti ll easy to prepare. Reasonable squashes could be attained up to 

one month after initially pl acing the root tips into the acetoca.rmin e. 

For each plant a minimum of 20 cell s was examined to determine the chromo-

some number. A representat ive cell from each plant was then chosen to conduct 

a karyotype analysis. Chromosomes in this cell were well separated and secondary 

constri ctions were visib le. These cells were then photographed with a Carl Zeiss 

Photomicroscope II . Upon printin g a total magnifi cat ion of XI.200 was achieved. 

The slides were made permanent by app lying several drops of a 10:1 mi xture of 45% 

acetic acid and glycerol to the edge of the coverslip. 

The chromosomes of the photographed cell s were arranged into two groups 

and numbered from one to sixteen. Th e fir st group contain ed eight chromosomes 

which appeared to be meta.centric , submetacent ri c or subtelocentric of different sizes. 

The second group contained eight a.cro centric chromosomes . Three or four pairs of 

chromosomes within the com plement had satellites . The length of all chromosomes, 
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excluding the satellites, was then measured and chromosomes in each of the two 

groups were arranged in order of descending size and renumbered from on e to sixteen. 

Homologous pairs were then determined based on centromeric position , length of 

chromosomes and the presence or absence of satellites. These chromosomes could 

then be arranged to form a kayryogra.m . 

Averages of the paired chromosomes were then determined for total length, 

relat ive length, index and ratio. A genome karyotype could then be determined for 

each plant studied and the relative values compared between genomes . Chromosome 

lengths cannot be used as a means of comparison since these lengths will vary 

due to degree of chromosome contraction at various mitoti c stages, variations in 

chemical agents , the duration of pre-treatment or the squash technique itself. The 

relative length, ho\\'ever , is determin ed by dividing the absolute chromosome length 

of a particular chromosome by the su m 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 (Tjio and Hagberg, 1951). 

Centromeric location was then calculated as the ratio of the long arm to 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, subter-

minal or terminal. The more common alternate terms metacentri c, submetacentri c, 

subtelocentric or acrocentric were utilized because they enjoy wider acceptability 

and understanding. 

Ka.ryotype analysis allows us to describe the genome of an organism with respect 

to chromosome number, length of chromosomes, position of centromere and size 

and presence or absence of the nucleola.r organizing region . This analysis is usu ally 

conducted when the chromosomes a.re in mitoti c meta.phase. 

In order to provide coherence between studies presented by different authors it 

is necessary to use a single, widely accepted nomenclature system. For this reason 
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the nomenclature for centromeric position proposed by Levan et al. ( 1964) has been 

utilized . 

Centromeric location can be calculated as either the difference ( d) = 1 - s or 

as a ratio ( r) = 1 / s where 1 is the length of the long arm and s is the length of the 

short arm (Figure 3.1 ). 

Assuming that a chromosome consists of ten arbitrary units the variation in 

centromeric position is from median to terminal. One half of a chromosome is then 

subdivided into the regions indicated in Table 3.2. 

The term telocentric would thus equate to the terminal point T of the system of 

Levan et al. (1964), while acrocentric refers to those chromosomes termed tin which 

the ratio of long to short arm is greater than 7.0. Metacentric is synonymous with 

the m region , includin g the M point. Thus chromosomes with arm ratios between 

1.0 and 1. 7 belong in this group, including isochromosomes and other chromosomes 

with equal-sized arms. Similarly submetacentric corresponds with the term sm and 

subtelocentric with the term st. Subtelocentric is a term which has been popularly 

used and is thus maintained even though strictly speaking the st region is in fact 

subacrocentric. 

This situation is represented in figure 3.2 in which the characteristic chromo-

some type of each of the four regions is drawn. The use of th e abbreviated terms 

M, m etc. makes descriptions of chromosomes simpler and more accurate. 

Another feature of chromosomes which is described by the karyotype is the 

presence or absence of secondary constrictions or nucleolar organizer regions. The 

region of the chromosome distal to the secondary constriction is referred to as a 

satellite. 

ldiograms were developed based upon the long arm and short arm ratios, rela-

tive lengths and centromeric location. Since the actual length of the chromosomes 

has been affected by experimental artifacts, as discussed above, comparison between 

chromosome complements of different cells on the basis of absolute size are 
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Figure 3.1: The range of variation in centromeric position (from Leva.n et al., 1964 ) 
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Table 3.2: Centromere position and chromosome description (from Levan et al., 
1964). 

r value Alternate 
Term Location d value term 

M median point 0.0 1.0 metacentric 
m median region 0.0-2 .. 5 1.0-1. 7 metacentric 
sm submedian region 2.5-5.0 1. 7-3.0 su bmeta.centri c 
st subtermina.l region 5.0-7.5 3.0-7.0 su btelocentric 
t terminal region 7 .5-10 .0 7.0-oo a.crocentri c 
T terminal point 10.0 00 telocentric 
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Figure L2: The range in variation in centromeric position divided into four equal 
regions : m , sm. st and t; each region represented by one characteristic chromosome. 
(from Levan et al., 1964) 
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subject to error. In order to overcome these experimental variations the measure-

ments of the chromosome pairs were made relative to one another by multiplying the 

long and short arm measurements by a conversion factor . The respective conversion 

factors were calculated by dividing the relative (new) total genome length, whi ch 

was set at 100 units for each species, by the actual (old ) total genome length. Once 

these conversions were made an average length for ea.ch arm of each pair was then 

determined. An idiogram could then be drawn using these adjusted measurements 

(Sch larbaum and Tsuchiya., 1984 ). 

3.2 Meiosis 

Meioti c chromosomes were studied using microsporocytes in anthers from im-

mature buds. Anthers were removed in t he morning and placed into a fixative of 

three parts 95% ethanol to one pa.rt glacial acetic acid. A bud size of approximately 

4mm in diameter with anthers of 4mm in length was found to correlate with the 

appropriate meiotic stages of diakinesis and metaphase I. After fixing for 1 hour the 

anthers were studi ed to determine their meiotic stage. Once the correct stage was 

present all other anthers were collected immediately and fixed for 24 hours. The an-

thers were then t ransferred to a.cetoca.rmin e sta in and left for 2 weeks . Preparations 

were made by removin g a. t hin cross sect ion from t he anth er a.n d gently squashing 

it in a 45% solution of a.cetic acid after gent ly heating. 

Chromosome configurat ions were analyzed by studying a minimum of 30 mi-

crosporocytes at meta.phase I. A representative cell was then photographed using 

the Carl Zei ss Photomi croscope II . Slide were again made permanent by applying 

drops of 10:1 45% acetic acid to glycerol a.round the coverslip. A total magnification 

of Xl200 was achieved at printing. 
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3.3 Pollen Viability 

Pollen viability was estimated from whole anthers collected at 10.00a.m. Only 

mature, dehisced anthers with pollen evident were collected. Staining was carried 

out in the greenhouse. The anther was removed with a pair of forceps and shaken 

on to a clean , dry glass slide. Acetocarmine (0.2%) stain was then dropped in a circl e 

around the pollen and a coversli p was put into place. The slide was then taken to the 

laboratory and qui ckl y passed t hrough a flame to facilitate staining. Approximately 

one thousand pollen grains per slide were counted to determine rel ative viability. A 

cell was considered viable if it was plump and well stained. Non-viable cells were 

empty, shrunken and un sta ined . Anth ers of A. pelegrina 'rosea' and A . pelegrina 

'alba ' were each coll ected on t wo separate occasions. After count ing, pictures were 

taken and were printed al X400 magnifi cat ion. 



Chapter 4 

RESULTS 

4.1 Mitotic Analysis of A lstroemeria pelegrina L. 

Several plants of A. pelegrina were studied with two objectives in mind. The 

fi rst was to determine the genera.I karyotype for the species and t he second was 

to ascertain whether t here a.re some variations between different plants within the 

species. 

All of t he plants of A. pelegrina studied have a chromosome number of 2n = 
2x = 16. These chromosomes can be divided into two groups. The first group 

contains four pairs of meta.centr ic, submeta.cent ri c or subtelocent ri c chromosomes of 

different sizes. Th e small es t pair exhibi ts polymorphi sm wi t h respect to t he presence 

of satellites. The second group contains t he remaining fom pairs a ll of whi ch are 

acrocentri c. In most instan ces t hree of these pairs were satell ited. 

PLANT NUMBER 1: A. pelegrina 'rosea.' 89H- 7-8 

The meas urements presented in Table 4.1 were ma.de from the cell shown in 

Figure 4.1. This cell was representat ive of other cells observed a.nd photographed . 

Table 4.2 was then constructed from Table 4.1 and was used to describe t he kary-

otype of th is plant. 

This plan t exhi bited the typical karyotype found in thi s species. The first four 

pairs of chromosomes numbered from one to eight form a group of meta.centric or 

submetacentri c pairs. The largest chromosome pair of thi s group was more than 

twice the length of t he next la.rgest chromosomes in the complement. The small 

submetacentric pa.ir, pa.ir number 4, carried small satelli tes on t heir short arms. 



Figure 4.1 : Somatic metaphase chromosomes of Plant number 1. Chromosomes are 
numbered as in table 4. 1. Xl200 

C' 
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Table 4. 1: Somatic chromosomes of Plan t number 1. 

Chromosome La Sh SAT Totalc Relative Index Ratio Centromere 
µ µ fl µ length S/L L/S position d 

1 14.2 12.3 29.5 15.5 0.87 1.1 m 
2 12.3 11.3 23 .6 13.8 0.92 1.1 m 
3 7.5 5.2 12.7 7.4 0.69 1.4 m 
4 6.3 4.8 11.1 6.5 0.76 1.3 m 
5 4.2 3.3 7.5 4.4 0.86 1.3 m 
6 3.3 3.2 6.5 3.8 0. 8 "' 1.03 m 
7 4.2 1.7 0.4 5.9 3.4 0.40 2.5 sm 
8 4.2 1.7 0.4 5.9 3.4 0.40 0.5 Sill 

9 10.0 0.6 0.6 10.6 6.2 0.06 16. 7 t 
10 9.6 0.6 10.2 6.0 0.06 16.0 t 
11 9.2 0. 8 10.0 5.8 0.09 11 .5 t 
12 7.5 0.8 8.3 4.8 0.11 9.4 t 
13 8.3 0.4 0. 6 8. 7 5.1 0.05 20.8 t 
14 8.3 OA 0.6 8.7 5.1 0.05 20. "' t 
15 7. 5 0.6 0.4 8.1 4.7 0.08 12 .. s t 
16 6.7 0.4 0.4 7.1 4.2 0.06 16.8 t 

0 L - Long arm. 

bs - Short arm. 

csatellite not in cluded in mea.surement. 

dClassifi cation according to Levan el al. (1964). 
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Table 4.2: Soma.tic chromosome pairs of Pl ant number 1. 

Chromosome L° 56 SAT Totalc Relative Index Ratio Centromere 
pair µ fl /J fl length S/L L/S position d 

1 13 .3 11.8 25.l 29.3 0.89 1.1 111 

2 6.9 5.0 11.9 13.8 0.72 1.4 m 
3 3.7 3.2 7.0 8.2 0.87 1.2 m 
4 4.2 1.7 0.4 5.9 6.9 0. 4 2.5 sm 
5 9.8 0.6 0. 6 10.4 12.1 0.06 16.3 t 
6 8.3 o. 9.1 10.6 0.06 10.4 t 
7 8.3 0.4 0.6 8.7 10.1 0.05 20 .8 t 
8 7.1 0. 5 0.4 7.6 8.9 0.07 14.2 t 

0 L - Long arm. 

bs - Short arm . 

csatellite not included in measurement . 

dClassification according to Levan et al. (1964). 
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The second group of chromosomes in this complement consisted of four pairs of 

acrocentri c chromosomes numbered 5 to 8 (Table 4.2) . Three of these pairs, numbers 

5, 7 and 8 were satellited. The satellites of pair numbers 5 and 8 were about the 

same length as the short arms whe1:eas the chromosomes of pair number 7 had 

satellites which were much larger than the short arms. The acrocentric chromosome 

pair number 6 is not satellited bu t the short arms were slightly larger than those of 

the other acrocentric chromosomes. 

Pair 1: This pair of chromosomes had an average total length 25.1µ . The 

relative length of 29 .3 percent wa.s very similar to that seen in the other plants 

studied . The chromosomes a.re meta.centric with the primary constri ct ion in the 

median region. 

Pair 2: The average tota.l length of this pair was 11.9/l and the relative length 

1s 13.8 percent . These metacentric chromosomes had the primary constriction in 

the median region. 

Pair 3: These metacentric chromosomes had an average total length of 7.0µ 

and a rela.tive length of ".2 percent. The primary constriction was in the median 

region . 

Pair 4: The smallest pair of chromosomes in this group was sub-metacentric 

with an average total length of 5.9µ and a relat ive length of 6.8 percent. Each 

chromosome in the pair carried a satellite which was about 1/4 the length of the 

short arm. 

Pair 5: The average tota l length of this pair of chromosomes was 10.4µ with a 

relative length of 12.2 percent. This was the longest chromosome pair of the second 

group of chromosomes. The unique feature of this pair was that only the longest 

chromosome of the pair (number 9) was satellited. This satellite was about the same 

length as the short arm. 
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Pair 6: As in the other plants studied this pair of acrocentric chromosomes 

was not satellited. The average total length was 9.1µ with a relative length of 10.6 

percent. 

Pair 7: This pair of acrocentric chromosomes had an average length of 8.7µ and 

a relative length of 10.2 percent. Both chromosomes in the pair were satellited with 

the satellite being larger than the tiny short arm. 

Pair 8: The chromosomes of this pair had an average total length of 7.6µ and a 

relat ive length of 8.9 percent. Both of these acrocentric chromosomes had a satellite 

which was about the same length as the short arm. 

PLANT N MBER 2: A. pelegrina 'alba' 87H-10-4B 

Measurements were made from the photograph shown in Figure 4.2 of a single 

cell of this plant. Other cells were also meas ured to be sure that this was a rep-

resentative sample for th is plant. Chromosome number 2 was broken in th is cell. 

Other cell s were exam in ed to ascertain that this chromosome wa s metacentr ic. The 

appearance of the two arms as separate telocentri c chromosomes was an artifact due 

to breakage during slide preparation. 

The results of these meas urements as well as the presence or absence of satellites, 

the relative length, chromosome index and centromere position are presented in 

Table 4.3. 

This plant also exhibited the typical karyotype found in this species as described 

for Plant 1. 

Table 4.4 was compiled from table 4.3 and shows the avera.ge values of mea-

surements for each pair of chromosomes. These measurements were used to describe 

the karyotype of thi s plant. 

Pair l: Thi s was the longest pair of chromosomes in the complement with an 

average total length of 26.9p and a relative length of 28 .6 percent. This pair was 

classed as metacentric with the primary constriction in the median region. This 



Figure 4.2: i'.::>matic metaphase chromosomes of Plant number 2. Chromosomes are 
numbered as in table 4.3. Xl200 
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constriction was very close to the median point as shown by the ratio (r) of long to 

short arm lengths of 1.04. 

Pair 2: The average total length of this pair of chromosomes was 13.4ft or about 

h alf the length of the longest pair. This pair had a relati ve length of 14.3 percent . 

These chromosomes were metacentri c with the primary constriction in the median 

region. 

Pair 3: This pair ha.cl a.n average total length of 7.15µ a.nd a relative length 

within the complement of 7.6 percent. The chromosomes of thi s pair were also 

metacentri c with the prima.ry constriction in the median region. 

Pa.ir 4: The chromosomes of t hi s pair had an average tota.l length of 6.5ft and 

a relative length of 7. 0 percent. The chromosomes had the primary constriction in 

the submedian region and were thus classifi ed as submetacentri c. Both members of 

this pair al so h a.cl sma.11 satellites whi ch were about 1/3 the length of t he short arm . 

P a ir 5: Thi s wa.s the longest pa ir of the group of acrocentric chromosomes found 

in the complement , although pai rs 6 a.nd 7 are al so of very similar length . P air 5 

had an average total length of 11 .9/t and a relat ive lengt h of 12.6 percent . The short 

arm was very t iny, with the index of short to long arm being on ly 0.05 . This pai r of 

chromosomes carri ed satellites whi ch were about the same length as the short arm 

of t he chromosomes. 

Pair 6: Thi s pair ha.cl a.n average total length of 10 .7p and a relative length 

of 11.4 percent. The short arm was considerably larger than those in the other 

acrocentri c chromosomes with an index of 0.14 . There were no satellites found on 

t hi s pair of chromosomes. 

P air 7: The seven th pair of chromosomes in t he complement was also satelli ted . 

The short a.rm wa.s very tin y with a.n in dex of 0.07 and the satellites were about 

the same length as the short arm. Thi s pair of chromosomes had an average total 

length of 9.4µ and a relative length of 10.0 percent. 
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Table 4.3: Soma.tic metaphase chromosomes of Plant number 2. 

Chromosome La Sb SAT Tota.le Relative Index Ratio Centromere 
µ µ /l µ length S/L L/S positiond 

1 15 13 . 28.8 15.3 0.92 1.09 m 
2 12.5 12 .5 25.0 13.3 1.0 1.0 M 
3 7.7 5.8 13.5 7.2 0.75 1.3 m 
4 7.5 5. 13.3 7.1 0.77 1.3 m 
5 4.2 3.3 7.5 4.0 0.79 1.3 m 
6 3.5 3.3 6.8 3.6 0.94 1.06 m 
7 4.8 1. 7 0.4 6.5 3.5 0.35 2.8 sm 
8 4.8 1. 7 0. 6 6.5 3.5 0.35 2.8 sm 
9 11.3 0.6 0.6 11.9 6.3 o.o.s 18.8 t 
10 11.3 0.6 0. 6 11.9 6.3 0.05 18.8 t 
11 9.6 1.3 10.9 5.8 0.1 4 7. 4 t 
12 9.2 1.3 10.5 5.6 O.l •l 7.1 t 
13 8.8 0.6 0.4 9.4 5.0 0.07 14.7 t 
14 8.8 0.6 0.4 9.4 5.0 0.07 14.7 t 
15 7.5 0.6 0. 4 8.1 4.3 0.08 12 .. s t 
16 7.5 0.3 0. 8 7.8 4.1 0.04 25 .0 t 

0 L - Long arm . 

bs - Short arm. 

csatellite not in cluded in measurement. 

dClassification according to Levan et al. (1964 ). 
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Table 4.4: Somati c metaphase chromosome pairs of Plant number 2. 

Chromosome L° Sb SAT Totalc Relati ve Index Ratio Centromere 
pair µ µ µ µ length S/L L/S positiond 

1 13.7 13.2 26.9 28.6 0. 95 1.04 m 
2 7.6 5.8 13.4 14.3 0.76 4.2 m 
3 3.8 3.3 7.1 7.6 0. 6 1. 15 m 
4 4.8 1.7 0.5 6.5 7.0 0.35 2.82 sm 
5 11 .3 0.6 0. 6 11 .9 12.6 0.05 18.S t 
6 9.4 1.3 10.7 11.4 0.1 4 7. 2 t 
7 8.8 0.6 0.4 9.4 10.0 0.07 14. 7 t 
8 7.5 0.4 0.6 7.9 8.4 0.06 18.7 t 

0 L - Long arm . 

6S - Short arm. 

cSatellite not inclu ded in measurement. 

dClassification according to Levan et al. (1964). 



37 

Pair 8: The shortest chromosomes in thi s group have an average total length of 

7.9µ and a relative length of 8.4 percent. The short arm was again very tiny with 

an index of 0.06. Both chromosomes of this pair were satellited with the satellites 

being larger than the short arms. 

PLANT NUMBER 3: A. pelegrina ' rosea' 87H-2-12 

Measurements were made from a single representati ve cell of thi s plant, whi ch 

was determined after viewing a number of preparations. The cell used is shown in 

Figure 4.3. 

Table 4.5 was t hen constru cted to show the length of the chromosomes, the 

centromere position, the presence or absence of satelli tes, the relat ive length and 

the chromosome index. 

The karyoty pe of t hi s plan t was then desc ribed us111 g th e average values of 

measurements m a.de for each pair of chromosomes as shown in Tabl e 4.6. 

The karyotype of th is specimen wa.s similar to that of plants number 1 and 2 

except the chromosomes of pair number 6 were subtelocentric. 

Pair 1: The longest pair of chromosomes in the complement had an average 

total length 28. 7 µ and a relative length of 2 . 7 percent. The primary constrict ion 

is in the median region and the chromosome pair is thus classed as metacentri c. 

Pair 2: Thi s pair of chromosomes had an average total length of 15.2µ and a 

relative length of 15.2 percent. The chromsomes were metacentri c with t he primary 

constriction in the median region. 

Pair 3: The average total length of this pair was 8. 0/t with a relat ive length of 

8.0 percen t. Again th e chromosomes were classed as meta.centri c with the primary 

constriction in the med ian region. 

Pair 4: As in the prev ious plant thi s chromosome pair was submetacentric with 

the primary constriction in the submedian region. The average total length was 

6. 7 µ with a relati ve length of 6.4 percent. There was a small satelli te visible on ea.ch 



.------------------------~~- - -

Figure 4.3: Soma.tic meta.phase chromosomes of Pla.nt number 3. Chromosomes a.re 
numbered a.s in table 4.5. Xl200 
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1:able 4.5: Somatic metaphase chromosomes of Plant number 3. 

Chromosome La Sb SAT Totalc Relative Index Rat io Centromere 
µ µ µ µ length S/L L/S positiond 

1 15.0 14.2 29.2 14.6 0.95 1.06 m 
2 15.0 13.3 28.3 14.1 0.89 1.1 m 
3 9.2 6.3 15.5 7.7 0.68 1.5 m 
4 8.3 6.7 15. 0 7.5 0. 81 1.2 m 
5 4.2 3.8 8. 0 4.0 0.9 1.1 m 
6 4.2 3.8 8. 0 4.0 0. 9 1.1 m 
7 ' 5.0 1.7 0.4 6.7 3.3 0.34 2.9 sm 
8 5.0 1.7 0.4 6.7 3.3 0.34 2.9 sm 
9 11. 7 0.4 0.6 12.1 6.0 0.03 29 .2 t 
10 11.3 0.4 0.8 11. 7 5.8 0.03 28 .3 t 
11 9.6 1. 7 11.:3 5.6 0.18 5.6 st 
12 9.6 1. 3 10.0 5.0 0.14 7. 4 t 
13 9.2 0.6 0.8 10.0 5.0 0.06 15.3 t 
14 9.2 0.6 0.6 10.0 5.0 0.06 15.3 t 
15 8.3 0. 0.4 9. 1 4.5 0.10 14.4 t 
16 8.3 0.6 0.4 8.9 4.4 0.07 13.8 t 

aL - Long arm. 

bs - Short arm. 

cSatelli te not included in measurement. 

dCJassification according to Levan et al. (1964). 
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Table 4.6 : Soma.ti c metaphase chromosome pairs of Plant number 3. 

Chromosome 1 a 56 SAT Tota.le Relative Index Ratio Centromere 
pair µ µ µ µ length S/L L/S positio1l 

1 15.0 13.7 28.7 28 .7 0.96 1.09 m 
2 8.7 6.5 15.2 15.2 0.74 1.3 m 
3 4.2 3. 8.0 8.0 0.9 1.1 m 
4 5.0 1.7 0.4 6.7 6.4 0.34 2.9 sm 
5 11.5 0.4 0.7 11.9 11.8 0.03 28.7 t 
6 9.6 1.5 11.l 10.6 0.16 6.4 st 
7 9.2 0.6 0.7 9.8 10.0 0.06 15.3 t 
8 8.3 0.7 0.4 9.0 8.7 0.08 11.8 t 

aL - Long arm. 

bs - Short arm. 

csatellite not included in measurement. 

dClassification according to Levan et al. (1964). 
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chromosome in the pair which had a length of about 1 / 4 the length of the short 

arm . 

Pair 5: The longest pa.ir in the second group of chromosomes in the complement 

had an average total length of 11.9 µ and a relative length of 11.8 percent . The 

chromosomes were acrocentric with the primary constriction in the terminal regi on . 

The short arms were very tiny with an ind ex of 0.03. Each of the chromosomes wa. 

satellited with the satellite being slightly larger than th e short a.rm. 

Pair 6: Thi s pair of chromosomes was unique to thi s plant as it was sub-

telocentric rather t han acrocentric as found in the other pla.nts exam in ed. Several 

different cells were photographed and measured to determine that t hi s was in fact 

a characteristic of this plant and not an artifact . Since the chromosomes were very 

close to being categori zed as a.crocentric (r = 6.4 compared tor = 7.0) and visually 

appeared to be acrocentric, they are left within this second group of chromosomes. 

This also allows this karyoty pe to be compared to tha.t of the other plants examined. 

The average total length of th is pair of chromosomes is 11.1µ with a relative length 

of 10.6 percent . These chromosomes were not satellited. 

Pair 7: This pair of a.crocentri c chromosomes had an average total length of 

9.8µ and a.n relat ive length of 10.0 percent. Bot h members of the pai r were sa.tell ited 

with th e satellites being slightly lon ger than the short arms. The shor t arms were 

a.gain very small wi th an index of 0.06. 

Pair 8: The eighth pair of chromosomes in this plant wa.s only sli ghtly smaller 

than the seventh pair with an average total length of 9.0µ and a relat ive length of 

8.7 percent . The short a.rm however was slightly larger in this pair than in pair 7, 

with an index of 0.08. The satelli tes found on this pair of chromosomes were smaller 

than the short arms. 
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PLANT UMBER 4: A. pelegrina 87H-5-l 

A single representative cell of this plant is presented in Figure 4.4. This was 

used to make measurements of total length, relative length, index and position of 

the primary constri ction. These results are shown in Table 4. 7. 

An average measurement for ea.ch pair of chromosomes was then made and the 

results of these measurements are shown in Table 4.8 . Thi s table was then used to 

describe the karyotype of this plant. 

Pair 1: This longest pair of chromosomes had an average total length of 25.5µ 

and a relative length of 29.4 percent. These chromosomes were metacentric with 

the primary constriction in the median region. 

Pair 2: These metacentric chromosomes had the primary constr ict ion in th e 

median region. They had a.n average total length of ll.7p and constituted 1:3.5 

percent of the total length of the complement. 

Pair 3: This pair of chromosomes was also meta.centric with the primary con-

striction in the median region. It had an average total length 7.0µ and a rel at ive 

length of 8.1 percent . 

Pair 4: A number of cells were examined and photographed until it could be 

conclusively establi shed that thi s pair of chromosomes was unique to this plant. 

The uniqueness was due to the fact that only one of this pair of chromosomes was 

satellited . As in the other plants this pair was submetacentric and its avera.ge total 

length is 6.35µ. The relative length of this pair was 7.4 percent. The satellite tha.t 

was present was about 1/4 the length of the short arm. 

Pair 5: The avera.ge total length of this pair of chromosomes was l 0.5/t which 

constitutes a relative length of 12.1 percent. Both the chromosomes of this pair wer 

satellited with the satellite being longer than the short a.rm. The short arm of these 

acrocentric chromosomes was very tiny with an index of 0.04. 



Figure 4.4: Somatic metaphase chromosomes of Plant number 4. Chromosomes are 
as- numbered in table 4.7. Xl200 
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Table 4.7: Somatic metapha.se chromosomes of Plant number 4. 

Chromosome La Sb SAT Totalc Relative Index Ratio Centromere 
µ µ µ µ length S/L L/S positiond 

1 13.0 12.5 25 .5 14. 7 0.96 1.04 m 
2 13.0 12.5 25.5 14.7 0.96 1.04 m 
3 7.0 5.0 12.0 6.9 0.71 1.4 m 
4 7.0 4.5 11.5 6.6 0.64 1.6 m 
5 4.0 3.5 7.5 4.3 0.87 1.1 m 
6 3.5 3.0 6.5 3.8 0.86 1.2 m 
7 4.7 2.0 6.7 3.9 0.43 2.4 sm 
8 4.5 1.5 0.3 6.0 3.5 0.33 2.6 SI11 

9 10.5 0.5 0.7 11.0 6.3 o.o.s 21.0 t 
10 9.5 0.5 0.5 10.0 5.8 0.05 9.0 t 
11 9.5 0.7 10.2 5.9 0.12 13.6 t 
12 8.5 1.0 9.5 5.5 0.123 8.3 t 
13 8.5 0.5 1.0 9.0 5.2 0.06 17.0 t 
14 7.0 0.7 1.0 7.7 4.4 0.1 10 t 
15 7.0 0.3 0.7 7.3 4.2 0.04 23.3 t 
16 6.5 0.7 0.3 7.2 4.2 0.1 9.3 t 

0 L - Long arm . 

bs - Short arm. 

cSatelli te not included in measurement. 

dClassification according to Levan et al. (1964). 
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Table 4.8: Somatic meta.phase chromosome pairs of P lant 4. 

Chromosome L° Sb SAT Totalc Relative Index Ratio Centromere 
pan µ µ µ µ length S/L L/S positiond 

1 13.0 12.5 25 .5 29.4 0.96 1.04 m 
2 7.0 4.7 11. 7 13.5 0.68 1.5 m 
3 3.7 3.3 7.0 8.1 0.87 1.1 m 
4 4.6 1.7 0.:3 6.3 7.4 0.38 2.7 sm 
5 10.0 0.5 0.6 10.5 12.l 0.05 20.0 t 
6 9.0 0.8 9.8 11.4 0.09 11.3 t 
7 7.7 0.6 1.0 8.3 9.6 0.07 2.8 t 
8 6.7 0.5 0.5 7.2 8.4 0.07 13 .4 t 

0 L - Long arm. 

bs - Short arm . 

csatellite not included in measurement. 

dClassification according to Levan et al. (1964). 
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Pair 6: The next pair of acrocentric chromosomes in this group had an average 

total length of 9.8µ and a relative length of 11.4 percent . Th e short arms of this pair 

are larger than those of the other acrocentrics within this group . These chromosomes 

were not satellited. 

Pair 7: Both the chromosomes in this pair of acrocentrics had satelli tes. The 

short arm was again very tiny with the satellites being longer than the short arm. 

The average total length of these chromosomes was 8.3p with a relative length of 

9.6 percent. 

Pair 8: The smallest chromosomes of this group had an average total length 

of 7.2µ and a. relative length of 8.4 percent. This pair wa.s a.crocentric with both 

chromosomes carrying a. satellite. 

PLA NT NUMBER 5: A. pelegrina 87H-10-13 

Figure 4.5 shows a. representative cell of this plant. Measurements from this cell 

are listed in Table 4.9, a.long with the other definitive features of these chromosomes. 

Table 4.10 was compi led from table 4.9 and gives the average values of mea-

surements for ea.ch pair of chromosomes. It is this table which is used to describe 

the karyotype of this plant. 

P air 1: This was the on ly pair of metacentric chromosomes in which the cen-

tromere was at the median point. This pair had an average total length of 30 µ and 

a relative length of 14.2 percent. 

Pair 2: The average total length of this pair of meta.centric chromosomes was 

14.5µ with a relative length of 13.8 percent. The centromere was located in the 

median region . 

P air 3: The third pair of meta.centric chromosomes had an average total length 

of 8.0p and a relative length of 7.6 percent . 

Pair 4: The submeta.centri c chromosomes of this pair had an average total 

length of 7.8µ and a relat ive length of 7.3 percent. It is in teresting to note that 



,· 

Figure 4.5: , Soma.tic meta.phase chromosomes of Plant number 5. Chromosomes 
numbered as in table 4.9. Xl200 
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Table 4.9: Soma.tic meta.phase chromosomes of Plant 5. 

Chromosome 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

aL - Long arm. 

bs - Short arm. 

L° Sb 
fl fl 

15.0 15.0 
15.0 15.0 
8.3 6.7 
8.3 5.8 
4.2 3. 
4.2 3.8 
5.8 2.3 
5.6 1.9 
12.9 0. 3 
12.5 0.7 
11.7 0.4 
11.5 0.7 
10.8 0.4 
9.6 0.4 
9.2 0.4 
9.2 0.4 

SAT TotaY Relat ive 
Jl µ length 

30.0 14.2 
30.0 14 .2 
15.0 7.7 
14.l 6.7 
8.0 3.8 
8.0 3.8 
8.1 3.8 
7.5 3.5 

0.7 13.2 6.2 
0.8 13.2 6.2 
0.8 12.1 5.7 
0.07 12.2 5.7 
0. 2 11.2 5.3 
0.2 10.0 4.7 
0.6 9.6 4.5 
0. 6 9.6 4.5 

csatellite not included in measurement. 

dClassification according to Levan et al. ( 1964). 

Index Ratio 
S/L L/S 
1.0 1.0 
1.0 1.0 
0. 8 1.2 
0.7 1.4 
0.9 1.1 
0.9 1.1 
0.4 2.5 
0.3 2.9 

0.02 43.0 
0.06 17.8 
0.03 29.0 
0.06 16.4 
0.04 27.0 
0.04 24.0 
0.04 23.0 
0.04 23.0 

Centromere 
positio1l 

M 
M 
m 
m 
m 
m 
sm 
sm 
t 
t 
t 
t 
t 
t 
t 
t 
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Table 4.10: Somatic meta.phase chromosome pairs of Plant number 5. 

Chromosome La Sb SAT Total c Relative Index Ratio Centromere 
pan µ µ µ µ length S/L L/S positiond 

1 15.0 15.0 30.0 28.4 1.0 1.0 M 
2 8.3 6.2 14.5 13.8 0.75 1.33 111 

3 4.2 3.8 8.0 7.6 0.9 1.1 m 
4 5.7 2.1 7.8 7.3 0.36 2.78 sm 
5 12.7 0.5 0.7 13.2 12.4 0.04 25.0 t 
6 11.6 0.5 0.7 12.1 1_1.4 0.05 20.0 t 
7 10.2 0.4 0.2 10.6 10.0 0.04 15.0 t 
8 9.2 0.4 0.7 9.6 9.0 0.04 25.0 t 

aL - Long a.rm. 

bs - Short arm. 

cSatellite not included in measurement. 

dClassification according to Levan et al. (1964 ). 
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a large number of cells were examined and it was determined that there were no 

satellites on thi s pair of chromosomes. This is contrary to a.II th e other plants 

studied. 

Pair 5: The average total length of this pair of acrocentric chromosomes was 

13.2µ. They had a relati ve length of 12.4 percent and each chromosome in the pair 

had a satelli te. The satellite in both cases was slightly longer tha.n the tiny short 

arm. 

Pair 6: This pair of acrocentric chromosomes had an average total length of 

12.1µ and relati ve length of 11.4 percent. It should be noted that satellites were 

also present on both chromosomes of this pair whereas they were not found in any 

other plants. Careful an alysis of all possible cells verified that this pair did indeed 

carry satelli tes. The short a.rm was somewhat shorter than that seen on the same 

pair of chromosomes in the other plan ts an d the satelli tes were a little larger than 

the short arms. 

Pair 7: The relative length of thi s pair of chromosomes was 10.0 percent . The 

average total length was 10 .6Jl. T hese acrocentric chromosomes bad a small short 

arm and each carri ed a very t iny satellite which was on ly half the length of the short 

arm . 

Pair 8: These acrocentric chromosomes also had a small short arm but the 

satellites th ey carried were almost twi ce the length of the short arm . The average 

total length was 9.6µ and the relat ive length was 9. 0 percent. 

4.2 Meiosis in A . pelegrina L. 

Meiosis wa.s studi ed in pollen mother cells (microsporocytes) in A. pelegrina 

anthers collected from immature flower buds. These buds were about 4 mm in 

di ameter. The anth ers were 4 mm long an d approximately 2 mm in diameter when 

the required stages of diakines is and metapha.se I were present . A minimum of thirty 

pollen mother cells were observed in ea.ch of the three plants studi ed. 
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At both diakinesis or metaphase I stages chromosome pa.iring was normal wi t h 

8 bivalents. The chromosomes formed either open rings or rod bivalents. In all cells 

studied there was one or two pairs which formed only a very loose association a.t 

metaphase I. Photomicrographs of pollen mother cells at metaphase I are shown in 

Figures 4.6-4.8 . 

Cursory analysis of a.pproxima.tely ten cell s per plant whi ch were a.t a.naph ase 

I did not reveal the presence of an y abnormalities such as bridges. All cell s studied 

showed 8-8 sepa.ra.tion. 

4.3 Pollen fertility of A. pelegrina L. 

Pollen was collected from newly ripened anth ers on two or three separate oc-

casions from each of t he two flower colors 'rosea' and 'alba ' . Pollen was determi ned 

to be viable if it readil y st ained with the acetocarmine stain . It was ea.sy to see 

non-viable pollen grain s as they were shrunken and contained no color at all. Thi s 

can be clearly observed in Figure 4.9. Table 4.11 shows t he resul ts obtained when 

approximately 500 to 1000 pollen grains were counted per slide . 



Figure 4.6: Meiotic metaphase I observed in a pollen mother cell of Plant nu mber 
6 showing eight. bivalents . On e pair shows loose pa.iring or precocious sepa.ra.tion . 

• 

Figure 4.7 : Meioti c meta.phase I observed in a pollen mother cell of Plant number 
7 showing eight biYalent s. Th e t \\"O pairs at the right -;nd show loose pairing or 
precocious sepa.ra.Lion. 

Figure 4 . : Meiotic metaphase I >bserved in a pollen mother cell of Plant number 
8 showing eight bi valents. On e pair shows loo e pairing or precocious separation. 
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Figure 4.9: Pollen gra.ins of A. pelegrina (a.)'rosea.' (Pla.nt number 8) (b )'alba.' (Plant 
number 7) X400 · 
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Table 4.11: Pollen fertility for A. pelegrina 'rosea' and 'alba' 

'Rosea' 'A lba' 
Replica.te Viable Abortive Total Viable Abortive Total 

1 527 503 1030 835 197 1032 
2 33 "' 520 858 812 346 l l 58 
3 246 351 597 

% Viable 44.7 75.2 



Chapter 5 

DISCUSSION 

In order to determine a general karyoty pe for the species A. pelegrina an aver-

age index was calculated for each pair of chromosomes from all the plants studied. 

To average the values obtained for each plant it was necessary to adjust the mea-

surements to account for experimental artifacts. A conversion factor was calculated 

for each pl ant and t he measurements for that plant were then multiplied by the 

conversion factor (Schlarbaum and Tsuchiya, 1984). The resu ltant adjusted values 

(Table 5. 1) were t hen comparable to one another and could be used to calculate 

an average length for each pai r as well as the average values for the long arm, t he 

short arm and t he index . An average va lue for each pair of the complement was 

then calcu lated and is shown in Table 5.2. These values were then used to plot 

the genomic di agram shown in Figure 5.1, using the percent of total chromosome 

length in the genome (relative length) for the ax is of the abscissa (x-axis) and short 

arm:long arm rat io (chromosome index) for the axis of the ordinates (y-axis) (Tjio 

and Hagberg , 1951 ). 

A single cell (Figure 4.3) was selected from all of the plants studied to construct 

the karyogram shown in Figure 5.2. The chromosomes were placed into two groups 

based on the position of the primary constriction. They were then organized in 

order of descending length within each group . 

The information shown in Table 5.2 was then used to construct the idiogram 

shown in Figure 5.3. Th is idiogra.rn is t hus a representation of t he genera.I appearance 

of the genome of A . pelegri.11 a. 



Specimen 

J>lanl l 
Planl 2 
Planl 3 
Planl 4 
Plant 5 

Table 5.1: Adjusted measurements ( µ) for each chromosome arm in each of the 
plants of A lstroemeria pelegrina. 

Chromosome Pairs 
l 2 3 4 5 6 7 8 

L s L s L s L s L s L s L s L s 
7.7 6.8 4.0 2.9 2.2 1.9 2.4 1.0 5.7 0.3 4.8 0.5 4.8 0.2 4.1 0.3 
7.3 7.0 4.0 3.1 2.0 1.7 2.5 0.9 6.0 0.3 5.0 0.7 4.7 0.3 4.0 0.2 
7.5 6.9 4.3 3.3 2.2 1.9 2.4 0.9 5.8 0.2 4.8 0.7 4.6 0.3 4.2 0.2 
7.5 7.2 4.1 2.8 2.2 1.9 2.7 1.0 5.8 0.3 5.2 0.5 4.5 0.3 3.9 0.3 
7.0 7.0 3.9 2.9 2.0 i.8 2.7 1.0 6.0 0.2 5.4 0.2 4.8 0.2 4.3 0.2 

0) ...... 
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Table 5.2: A vera.ge adjusted measurements for ea.ch chromosome pair in the com-
plement of Alstroemeria pelegrina. 

Chromosome u 56 SAT Totalc Relative Index 
pair µ µ ll µ length S/L 

1 7.3 6.9 14.2 28.6 0.95 
2 4.0 2.9 7.0 14.l 0.73 
3 2.1 1.8 3.9 7.8 0.88 
4 2.5 0.9 0.2 3.5 7.5 0.37 
5 6.2 0.3 0.3 6.5 13.1 0.05 
6 5.0 0.4 5.4 10.9 0.0 
7 4.6 0.2 0.4 4.8 9.7 0.04 
8 4.1 0.3 0.2 4.4 8.6 0.07 

aL - Long arm. 

bs - Short arm. 

csatellite not included in measurement. 



Figure 5.1-: Diagrammatic presentation of the genome of Alstroemeria pelegrina. 
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Figure 5.2: The chromosomes of A . pelegrina (Plant number 3) from a representative 
cell of the :.pecies. The chromosomes are arranged into two groups based on position 
of the centromere. They are then arranged within the groups in order of descending 
length. X2000 
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Figure 5.:3: ldiogra.m of the genome of Alstroeni e1·ia pelegrina L. 
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The chromosome pairs found in all the complements studied were easy to sepa-

rate into two groups. The a.crocentric chromosomes were distinctive and there were 

no doubts as to which chromosomes belonged in which group . Within the first group 

the chromosomes were al so easy to identify and place in the correct order due to 

the large size differences between the meta.centric chromosomes . The smallest chro-

mosome pair of thi s group , while only being slightly smaller in total length than 

metacentric pair number 3, was easy to distinguish due to the different shape and 

the presence of t he satellites in most of the cases. 

The second group of acrocentric chromosomes, on the other hand , are diffi cu lt 

to distingui sh both under the microscope and in the photomicrograph . Careful 

measurements were necessary to determine the order of these chromosomes within 

the group. Chromosomes belonging to pair number 6 were easy to ident ify due to 

the longer short arm and the la.ck of satelli tes in plants number 1 through numb er 

4. In plant number 5 however the acrocentri c chromosomes would on ly be identifi ed 

through measurement . Tsuchiya and Hang (1990 , unpubli shed data.) indi cated that 

the Giemsa banding techn ique provided useful information on the identification of 

four pairs of acrocentric chromosomes . 

Although the karyoty pe of all the plants studied was very similar t here were 

some differences among them. The primary difference was th e presence or absence 

of satellites on several pairs of chromosomes . 

Three of the plants studied had satellites on both submetacentric chromosomes 

7 and 8 in pair number 4. In plant number 4 however a satellite was only observed 

on one of these chromosomes, usually chromosome number 8. 

There a.re two possibilities to account for this a.nomaJ y. It is possible that the 

satellite was lost due to structural change in either this plan t or one of its parents. 

The other possibili ty is that one of the parent plants carried no satellites on either 

of these chromosomes. \i\1hen a. gamete from one of these plants forms an embryo 
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with a gamete containing a. satellited member from pair number 4, the resul tant 

plant would contain a pair in which only one chromosome has a satellite. 

In fact plant number 5 had no satellites on either chromosome of pair number 

4. Every possible cell of this plant was examined to locate chromosomes 7 and 8. No 

satellite wa.s ever found on either of these chromosomes. Figure 4..5 shows a single 

cell from this plant. Satellites can clearly by seen, as ex pected, on the acrocentric 

chromosomes, however , no satellites are present on chromosome pair number 4. 

Tsuchi ya. and Hang (unpubli shed) al so studied a plant of A. pelegrina in whi ch 

they did not find an y satelli tes on either chromosome of pair number 4. 

Another in terestin g variation in the karyotype of A. pelegrina was seen in plant 

number 4. In th is instan ce onl y one chromosome of pair number 5 ha d a satellite. 

Again a.II possible cells were carefull y analyzed and it was determined that this pair 

did indeed have only one satellited member. 

In the case of plant number 3 it should be noted th at in the second group of 

chromosomes, pair number 6 is not acrocentric as in all plants but is subtelocentric. 

In order to determine what the difference is between thi s pai r in plant number 

three and that found in the other plants, the measured values fo r each chromosome 

pa.ir was converted to an adjusted value, as described to form the idi ogra m . Th ese 

adjusted m easurements are presented in Table 5.1. 

Examination of the r-va.lues of pair number 6 of ea.ch plant indi cate that plan t 

three has an average r-value of 6.4. Thi s would classify t hi s pair of chromosomes 

as sub telocentri c in the classifi cation system of Levan et al. (1964). However , when 

the two chromosomes of this pair are considered individu a.lly one is subtelocentri c 

with an r-value of 5.6 whereas the other is acrocentri c with an r- va.lue of 7.4. All 

of the other chromosome numbers 11 a.nd 12 had r- va.lues greater than 7.0 which 

placed them in the a.crocentric group. Plan t number 2, however, had values very 

close to the di viding point at 7.4 and 7.1. 
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Since only one chromosome was actually classified as subtelocentric it is most 

likely that the results are due to experimental artifact or to structural changes such 

as duplication of a section of the chromosome, inversion or translocation. 

Observations of plant number 3 in mitosis did not provide any indications to 

explain why the short arms of these two chromosomes varied . Two methods could 

be employed to explain this difference. The first is Giemsa. banding and the second 

is observation of meiosis. 

Giemsa banding reveals ma.ny of the details of chromosome structure. A com-

parison of the bands revealed in different plan ts and in homologous chromosomes 

would provide some clues as to what has taken pla ce in the aberrant chromosome 

as shown by Tsuchiya and Hang (unpublished) in A. aurantiaca and A. ligt.u. If 

a duplication had occurred in this short a.rm there might be a matching repeat of 

G-bands visible upon staining. 

Study of the meiosis of this pl ant might show whether chromosomes 11 and 

12 a.re entirely homologous if the segment with the structural aberrat ion was large 

enough to effect pairing during synapsis. 

Plant number 5 had a number of variations from the general karyotype. The 

first is the absence of satellites on pair number 4 whi ch was di scussed earlier. The 

second variation is found on pair number 6. In this plant satelli tes are present 

on both chromosomes of this pair whereas they are not found on the other plants 

studied. Th e a.Yernge length of the short arms of t hese chromosomes in plant number 

5 are less than half the length of the corresponding arms in the other plants (Table 

5.1 ). The satellites are slightly longer than the short arms. 

The origin of these chromosomes is diffi cult to explain . The total length of the 

short arm and t he satellite is about the same as the shor t arms of the other plants. 

Thus it is possibl e that a secondary constriction developed on chromosomes 11 and 

12 of plant number 5. 
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The second possibility is that a reciprocal translocation may have occurred 

between the short arms of pair number 4 and pair number 6. Reciproca.l transloca-

tion occurs when two chromosomes are broken and then mutually exchange blocks 

of chromatin. The two new chromosomes will fun ction normally in somatic cell 

division if each possesses a. single centromere (Swanson, Merz and Young, 1981) . 

A reciprocal transloca.tion between chromosomes of pair numbers 4 and 6 would 

then result in a. change in the shape of both chromosomes. If a short piece of 

the chromosomes in pair number 4 along with the satellite was exchanged with 

a non-satellited segment of the chromosome in the pair number 6 the resultant 

genome would include non-satellited chromosomes in pair number 4 and satell ited 

chromosomes in pair number 6. 

Comparison of the karyotype of A . pelegrina with other species studied revea.ls 

many of the simil arit ies between a.II of these species. Many of the species had a 

common chromsosome constitution consisting of two groups of four chromosomes in 

their complements, as does A. peleg1-ina. The first group contains four pairs of meta-

centric , submetacentric or subtelocentric chromosomes . The second group contains 

four pairs of acrocentric chromosomes with one to four pairs carrying satellites. The 

other species which have been shown to have this general karyoty pe are A. brazilien-

sis (Taylor , 1926) , A. aurantiaca (White, 1929; Tsuchiya and Hang, unpublished ), 

A.pulchella (White, 1929; Sato , 1938; Tsuchiya. and Hang, unpublished), A. hae-

mantha (White, 1929; Tsuchiya and Hang, unpublished ), A. chilensis (Sa.to, 1938; 

Tsuchiya and Hang unpublished), A. versicolor, A. caryophyllaea and A. hookeri 

(Tsuchiya and Hang, unpublished). 

A deviation from this general karyotype was described for A. ligtu species and 

hybrids. In th is ca.se the first group consists of five chromosomes, including two 

satellited chromsomes and the second group has only three chromosomes which 

may be satelli ted (Rustanius , 1986; Tsuchiya et al., 19 7; Tsuchiya and Hang, 

unpubli shed). 
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The major difference between A. pelegrina and the other species which have 

been described by other authors is the presen ce of satellites on the sub- metacen-

tric chromosome pair number 4. This is unique to this species and has not been 

documented as occurring in any other species. It is thi s characteristic which may 

allow us to speculate on which of the many hybrid cultivars of Alstroemeria had A. 

pelegrina a.s a parent. 

A. pelegrina ha.s long been considered to be one of the pnrnary parents of 

the modern cul ti vars. The other reputed sources for these cultivated types are A. 

aurantiaca and A. ligtu . 

Reproduction in alstroemeria utilizes a cross pollination system that would ac-

tually facilitate in terspecific hyb ridi zation . The flowers of alstroemeria are generally 

large and open , with an accessible stigma with a wet surface, facilitating wind polli-

nation mechanisms. The stigmatic surface also remains receptive long after anthesis 

occurs within that flower (Uphof, 1940). 

Very few names of the parental species for the aJstroemeria cultivars devel-

oped have been released. Two new varieties exhibited in the 1960 's by John Goe-

mans, 'Pa.rigo's Pride' and 'Pa.rigo 's Cha.rm ', were identifi ed a.shaving three different 

species in their pedigree. The last one of these species was A. aura11tiaca but the 

other details of the breed ing program were withheld (Goemans , 1962) . 

The new alstroemeria variety' Alsa.an' released in 1983 was the result of crossing 

A. aurantiaca with the cultivar 'Orange Beauty' (Lin and Molnar , 1983). 

A.' Regina' has been identified as originating from A. pelegrina and A. auranti-

aca and was bred by Van Staaveren (Heins and Wilkins , 1979). 

Errey (1962) indicated that the hybridizing of yellow A. aurantiaca with both 

A. haemantha and A. ligtu was begun in Australia in 1933 and resulted in better 

quality flowers with a wider color range from straw to deep flame scarlet. 

The major problem in identifying the ancestral parents of the modern cultivars 

is that many of them have been developed through polyploidization and mutation 
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breeding as well as hybridization. Many of the diploid and polyploid cultivars were 

also further treated with various doses of radiation to produce yet another group of 

new cultivars (Tables 5.3 and 5.4). 

In spite of the obvious diffi culties when trying to interpret the karyotypes of 

many of the cultivars , it may be possible to make some assumptions based on the 

occurrence of specific marker chromosomes. In this study, it was shown that the 

presence of satelli tes on the sub-metacentric chromosome pair number 4 could be 

used as a marker to determine if A. pelegrina was used as an original parent for a. 

particular cult iva.r under consideration . 

Hang and Tsuchiya ( 1988) reported that the triploid cul t i var "Rosita" contains 

a small sub-telocentric chromosome which has a small distal satellite. Similarly 

the hypertriploid cultivar "Orange Beauty" has a small subtelocentric chromosome 

which also has a small distal satellite. The tetraploid cultivar "J ubilee" contains 

a medium sub-metacentric chromosome with a small di stal satellite. It would thu s 

seem highly likely that these unique chromosomes indi cate that A. pelegrina may 

have been one of the parental species of these cult ivars. 

Meiosis in all plants of A. pelegrina studied was rather regular with a slight 

indication of abnormal pairing or other meiotic aberrations. With this in mind 

it is very puzzling to note that pollen fertility is rather low . Tsuchiya and Hang 

(1990) also ind icated that a pollen fertility of on ly 37 percent wa.s found in thi s 

species. They found that meiosis of A.pelegrina produced some plan ts with eight 

bivalent pairs whereas in other plants sporocytes with 7II and 21 were observed. 

This indi cates tha.t there are perhaps some differences between individual plants. 



Table 5.3: Cultivars developed through mutation breeding (from Micke et a.I., 1985). 

Kind and date of 
mutagenic treatment 

Place and date (treated variety. line, Main improved 
Name of of release clone ... ) or mutant attributes 
new variety ( or approval} crosses of variety 
Yellow Tiger The Netherlands, 1970 X-rays, 1967 Yellow Rower color with 

(Orchid flower) striking black stripes, 
origihal variety white 
with some yellow 

Zebra sta.zeb The Netherlands, 1975 X-rays, 1968 Heavily striped flower 
(Orchid Rower} 

Zenith The Netherlands, 1972 X-rays, 1972 Orange-red flower color 
{Carmen} 

-J 
C.n 

Canaria The Netherlands, 1970 X-rays,1967 Yellow flower color, 
(Orchid flower original variety white height 

with some yellow 
Capitol The Netherlands, 1977 X-rays, 1972 Salmon-pink flower color 

(Carmen) 
Fanfare The Netherlands, 1977 X-rays, 1972 Red flower color 

(Carmen} 
Harlequin The Netherlands, 1973 X-rnys, 1970 Orange-yellow flower 

(Parigo's Charm) color 
Harmony The Netherlands, 1972 X-rays, 1968 Bronze flower 
stabrons (Regina) color 
Red Sunset The Netherlands, 1979 X-rays, 1975 Improved flower color 

actively growing extended duration o[ 
rhizomes flowering period 



Table 5.3: Cultivars developed through mutation breeding (from Micke et 
al., 1985) (continued). 

Kind and date of 
mutagenic treatment 

Place and date (treated variety. line, Main improved 
Name or of release clone ... ) or mutant attributes 
new variety ( or approval) crosses of variety 
Result The Netherlands, 1977 X-rays, 1972 Bright red flower color 

(carmen) 
Rosati staliro The Netherlands, 1975 X-rays, 1971 Pink flower color 

(Starosa) 
Rosita staroza The Netherlands,1972 X-rays, 1968 Pink flower color 

(Regina) -.J 

Trident The Netherlands, 1977 X-rays, 1972 Pink flower color Cl 

(Carmen) 
Valiant The Netherlands, 1977 X-rays, 1972) Light red flower color 

(Carmen) 
White Wings The Netherlands, 1971 X-rays, 300-400 R White, except 

1967, plant with ears 
stolons 

(Orchid flower) 
Appelbloesem The_ Netherlands,1979 X-rays 500 rad, 1977 Pink flower color 

(King Cardinal) with two red dots 
Atlas The Netherlands, 1984 X-rays 500 rad Salmon pink flower color, 

growing rhizomes, 1978 better winter production 
(Red Sunset) 



Table 5.4: Cultivars developed through mutation breeding (from Mutation Breed ing 
Newsletter, 1988) 

I<ind and date of 
mutagenic treatment 

Place and date (treated variety. line, Main improved 
Name or of release clone ... ) or mutant attributes 
new variety ( or approval) crosses of variety 
Lilac Glory The Netherlands, 1979 X-rays 400 rad Purple flower color, 

growing rhizomes, 1973 rest of genotype 
(Rosario) und1a11ged 

.facqueline The Netherlands, 1979 X-rays 400 rad Very successful c11lt.ivar 
gtowing rhizomes 1973 with smaller but <larker 

(Rosario} pink flower 
---.J 

Purple Joy The Netherlands, 1979 X-rays 400 rad Dark purple-red ---.J 

growing rhizomes, 1973 flower color 
(Carmen) short stems 

La Pa.z The Netherlands, 1984 X-rays 350 rad Dark yellow flower 
growing rhizomes,1981 color 

Pink Panther The Netherlands, 1984 X-ra.ys 500 rad Longer stems but 
growing rhizomes, 1973 Longer stems but 

(Rosario~ somewhat smaller flowers 
Patricia The ~etherla.nds, 1978 X-rays 500 rad, 1978 Improved flower 

(Pink Triumph) color, reduced stem 
length 

Pink Tiger The Netherlands, 1983 X-rays 350 rad, 1979 More heavily striped 
(Pink Panther) striped tha.n original 

cultivar, earlier flowering 
under winter conditions 



Chapter 6 

SUMMARY AND CONCLUSIONS 

The objectives of this work were to study the karyotype of A. pelegrina in detai l, 

to describe any variations of this karyotype in individual plants and to provide 

information whi ch will enable us to ultimately develop new culti vars. 

The A. pelegrina species used in this study originated as seed from four differen t 

sources. They were all found to have a somati c chromosome number of 2n = 2x = 
16. These chromosomes were placed into two groups. The first group contained four 

pairs of metacentri c or submetacentric chromosomes and the pairs were numbered 

from 1 to 4. The second group contained four pairs of acrocentric thromosomes 

which were numbered from 5 to 8. There were four pairs of satellited chromosome 

in the complement , usually pairs 4, 5, 7 and . 

Chromosome pair number 4 is unique to A . pelegrina. Thi s small submeta-

centri c pair was found to be polymorphic with regard to the presence of satellites . 

Three plants had satellites on both chromosomes of the pair , one plant had satel-

lites on onl y one chromosome and one plant had no satellites. The presence of this 

satelli ted chromosome could be used as a marker chromosome to ident ify cultivars 

in which A. pelegrina. has been used as a parent . 

A general karyotype for all plants of A. pelegrina has been es tabli shed. Thi s 

karyotype is applicable to all specimens of A. pelegrina regardless of their origin. 

Individual plants exhibit minor variations in the karyotype. The marker chromo-

some pair number four can be used to identify cul ti vars of whi ch A. pelegrina is 
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an ancestor and , in fact, several commercial cul t ivars are ident ified whi ch have thi s 

unique chromosome present in their genome. 

Meiosis in both A. pelegrina ' rosea ' and A. pelegrina 'alba' was normal with 

eight bivalents formed in each case. 

Pollen fert ili ty vari ed from approx imately 45% in 'rosea' to 75% in 'a.l ba'. 
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