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INTRODUCTION 

i.? ~9 
~ :4 The ;;enetics of flower color inheritance in alfaJ fa, 

I o;aJ 
Y.edicaco Spp., is not well understood. Studies of the inheri-

tance of flower color are sually secondary to more important 

economic characters. Because of this fact, parents may not be 

carefully selected and the population may be too small, due to 

space limitations, to draw definite conclusions about the inheri-

tance of this character. Self-sterility is also a handicap in 

studying the ~enetics of alfalfa. 

The problem 

What is the mode of inheritance of purple flo:ver color 

in white x wh:te crosses of alfalfa? 

ProQlem analvsis.--To properly answer the major question 

it ~s necessary to answer the followin~ questions: 

1. Is the inheritance of purple flower color disornic or 

tetrasomic? 

2. How many genes control the inheritance of flower 

color in each case? 

3. How 1o these enes that control purple flower color 

interact? 

~elimitations.--This study has been limited to the F2 
pro~eny of 12 crosses between 9 white flowered alfalfa plants. 



METHODS AND MATERIALS 

This study of the inheritance of flower color in alfalfa 

was undertaken with 16 F2 families from 12 white x white crosses 

between 9 white flowered alfalfa plants. These families were 

obtained from Doctor Ralph M. Weihing, formerly Associate Agron0-

mist, Colorado Agricultural Experiment Station, in the summer of 

1947. Fourteen of these families were the result of self-pollina-

tion of purple F1 plants. Two families were the proe;eny of self-

pollinated white F1 plants which resulted from the cross white 4 x 

white 6. The F1 generation of this cross was all white. 

Flower color readin s were made in the summers of 

1947 and 1948. An attempt was made to classify various shades of 

purple by using color plates prepared by Robert Rid~way (Color 

standards and color nomenclature. Washington, D. C. 1912.) It 

was later decided to group all shades of purple into a purple class 

and contrast purple and white. 

The chi-square teat was used to teat goodness of fit, 

heterogeneity and independence. 



ANALYSIS OF DATA 

Two hypotheses were developed in an atteTpt to explain 

the segrer,ations obtained in the F2 generation. 

In the first hypothesis it was as·suned that complementary 

factors for the production of purple color were sesre 0ated in 

disor1ic ratios. One factor pair (Cc) I!lVSt be present in the domi-

nant condition before color can develop. Later it was found necess-

ary to postulate a duplicate factor pair (C2c2) ~hich would also 

produce color when present in the dominant condition. Another factor 

pair, Pp, when present in the dominant condition, would act with the 

bas c color factors Cc or c2c2 to produce purple color. Three genes 

of this type, duplicate in mode of expression, were postulated, 

Four ratios were calculated from theoretical F1 plants 

of varyin~ £enotypes. The ratios of purple to white and the F1 

genotypes were as follows: 2.362:1, Ccc2 c2 PpP2 p2 p3p3 ; 2.821:1, 

Ccc2c2 PpP2o2 P3p3 ; 7.258:1, GcC2 c2 PpP2 p2 p3 p3 ; and 11.962:1, 

CcC2c2 PpP2p2P3p3 • One family was found to fit the 2.368:1 ratio, 

10 families the 2.821:1 ratio, 2 families the 7.258:1 ratio, and 

1 f'amily, the 11.962:1 ratio. The fit of the observed data to 

the calculnted ratios were determined by use of chi-square tests. 



Tetrasomic secrrer;i:ation 

Autopolyploid plants se~rerate in different ki~ds of 

ratios than do diploid ~lants. Tbe reason for t'his fact is that 

di oloid plan ts have two hor10lo::;ous chromosomes; '1'°1he:reas autopoly-

pl oii plants have 3, 4, 5, etc., honolo:ues. Alfalfa is trousht 

to be an au tote trnpl oi'l, at least in part. That is, some chro.no-

s orres have 4 ho.nolo:::;ous chromosomes. Julen, a Swedish worker, 1~as 

o.,,..,s0rved quadrivalent nairin~ in alfal:!'a althouo:h the rrJ.ajor:ty 

o~' the Pairin"' see 11ed to r-e bivalents. It w'1s r'l.ecided to atter1pt 

to fit the o~serve1 segre3ations to calculated autotetraploid ratios. 

It was assumed that comnle;.nentary factors that se-:rerat;G in 9Ute-

tetr£soMi c ratios controlJ ed. purple flower 0olor in alfal:'B. 

There are two main types of autotetraploid se3recations. 

Ran'lori chronos ome s egreP-a ti on occurs when the cene s are located 

near the spindle fiber attachment. In this case, they will assort 

at rendon, dependine upon the way the chromosomes are oriented at 

~etaphese I. Howeve~, if the 3enes are located r~r en~1:h from 

tre s.?indle fiber sttachment so that crossinc: over can occur i.n the 

quadri val en t, v1i th the resultant exchanr-;e of chro1'1a tids, random 

chr0"".atid se~~re ::;a ti on wi 11 occur. 

Chromati.d and chromosome ratios were calculated for the 

complen1ent3ry ::';enes C, P and P2 , but the the.,rettcal ratiris 

~eviated ~lstinctly from the observed data. ~owever, when it was 

assumed that C, the basic factor for the production of color, was 

assorted 'by random cl1romatid seE:re";ation, and that the ±'actors P 

en~ P2 , ~hich Dct 1ith C to produce p~rple color were assorted by 



rando~ chromosome se~re~ation, several ratios rere cal~·lgted 

wtich ~ore nearly approached the observed se~re~2t, 0ns. 

Fot.r rat:os ~1ere calculs ted from theoretical Li\ olants 

0f v!'lryin-i; ,..enotypes. The ratio o~" Dt1r'1le to wi ite and the B\ 

~enotypes were as follows: 2 . 009:1, CcccPpppP2p 2p2n2 ; 2.516:1, 

CCccPnPPP2P2P2P2; 8 . 474:1, CCc0Ppoo~2 2p2p2 ; and 12.G50, C~cc­

PPp'1P2p2p2n2. Three fnmilies were fotnd t0 fit tre 2 . JO~:l ratio, 

P fr-1'1.ilies failed to fit tl"e 2 . 51 1~:1 ratio, 1 fm'li.ly showed a r,ood 

~it to the f . 474:1 rat~c, and two families were found to fit the 

12 . E50:1 ra~io. The fit of tee o~serve1 ~Rta to the calculated 

ratios were determi~ed by the use of chi-square tes~s . 

~ine 'urole plants were observed in a total po~ulation 

of 339 plants, from 2 F1 white 4 x whlte 6 r 1 plants . These nine 

plants Tiere proba~ly the result of stray Pollen effectinv fertili-

zation before t:he sel!'ed flowers were ber"'ed. 

The data P'resented sho that the observed rat1os co,,·ld 

be hest explained hy assuminv that corrolementary factors were ses-

rerratej in a 1isomic mnnner . ~.hen tetrasomlc se0re rstion was 

E""ssumed, f' faYl'ilies dld. not fit any cslculated. ratio. 

Data on the theoretical behavior and t~e observed be -

~avior in the F1 and t 2 ~enerations ere presentel in Fi~res 1 and 

2 . It was possitle to postulate a 7enotype for every parent 

assuMlnP- that t:.e disom::.c seq_:rer-,atiori hypothesis was the lofl'ical 

one . 
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Fic;u.re 2.--The expected F2 secresations from selfed purpJet flowered F1 plants 
of various white x white flowered al-f'alfE crosses and the hypotheticEil 
:enotypes of the parents. Dashes indicat~ that data fittin? the calculate1 
ratio of purples to white were obtained. The Jetter W indicates that on} 
white F1 plants woul1 be obtained and no F2 se[';reeation wo·i.ld be expecteri. 
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Figure 1. --The expected behavior of the F'1 genE.'ra tions 'if ~1ari ot·s white 
x wh1te flowered alfalfa crosses under ~~~ coMDleMentary factor byno-
thes is and the contrastinr, ,...enotypes of the parent plants. The letter 

indicates that only white flowered plrnts would be obta~ced. Dashes 
indicate that obtaine0 '1.ctn wPre in arreement wit!: the treoret::.cAl ex-
riectation. T'nder1i.ned letters indicate that f'O data were obtained. 
The 1ettE!r P indicates that purp1P flm:rerE'ld olants wo·1ld re ohtajne-1. 



Sur~estions for further study 

Very little information is available on the ~enetics 

of alfalfa . More study of this important crop plant is needed, 

not only from the qualitative standpoint, but from the qranti-

tative standpoint as well. 

Cytolosical investigations to determine the type of 

pairina that occurs and thus, the types of segregation to be 

expected, would he a 3reat aid in makin~ genetic studies of 

the alfalfe plant . 
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Ohapt;·ere I 

l N:1'ROOOOtt OR 
. -: · , .. ·_.. · ·1"· , . - -~: •· .- ·.t · n _· 

~a senst.1.ot.l of flowe.r co1~l' $n t!1ltal~'2" 

!~d~.~:ngo· Spp .. , fie not w:ell _ undo~at~!)(i._ 1!'llEU'e may be 

eeve~al t-~-a,mone tot> this fa.a'bt Studit,irs ot tb~ 1nhet'""' 

i t'11'1·Q$ of f'lOW$X"' color st-e usual.l.y $'()end1Jry \7{) ®:r.e 

il'll!$t'talnt ~-0cinomi.e el14~8cters .. BeQ~u~e 'Ot hhis feet .,. 

cr(:J,sse~ wd!ld$ in th~ ·ere_p 'b:>f$~ding Pt"0@')'~m m-ay not be 

O:atJ?ui'l;tllf e$leM;;.tJtl_.. and .P·O&ml.~t:ton:s , .;ve often too 1nna:ll 

t~ d:r1aw de.finite eo~Qlu.a1or1$ fiEHl'ut the inherr11Hance ot 
thl:sJ ob~rsoter, Selt' .... ster!lity 1a ia).5& a ha1t1dieap 1rl 

$~dying the genet.i~s of -eltalfa. beonu~e of ·tbe diffi.i.. 

(?U.lty of obts1n!ng !iidequ~te popul~td:eru:i. 

~~ £r·A~:t.ta;1t 

Yib•t i• the :mod~ t>f 1nhel"1 tanee ()t purple 

fl owe~ 0$lO~ in 1:1lfal.fa in whit$ pt :Wb.1 '&e. cr"O$eea? 

7 

~ro~Je,~ ~!!ill,1,ta,1.!•~""'wt) an'aW$t' the nmjor· qu~tzJt10:n, 

it is neeee.aa~.1 ta- answer the f.olle.Wing: ~~e-st!ons; 

1, Ari\l the :re.eto~-& that ceµtrol th~ tnhe~'"" 

lt:«1noe o.f pu!t'p-:l~. llow~r eolQ':t:' s$gregst.~d in s dis omi·c 

or ~etl'e$t:Jm1~ ~nne-r'l 



·~ii. ft()w nt1ar gen~e ln ~$.\tllh ·$«\$:$ :~ont,,..1&l ·th• 

ilnb•J11 t•ncu.; · f'Jt ~~:1~ t1~irr· ec111vt 

1:1 Ro• d~ th••·• gtn•s wbi•h tentJ~o1 purp1:9 . 

tl.1Q\'S\$J? ~t>1•~ lnt$Jttt•t f 
n.., ·····14 ""'" .t<..atl!t)Mll! ·-~~'.ls; •tU/4<i~ Jt.i;,a ,& """-""•llf> ii ·~ -1*: 4"ia,JI; -~ ... . ~~~ :-\;~ · it 'f1t.M .. ~f. - ~g ··~ • ·- -'~J ~~~ -~WA" .J.~~lJQ~ 

1'o the "t f~ogan7 $f Ia eros.s~·J b•t•••~ 9'. wntt• r1ow.•r~ 
'&4 lltalt& Pl.A~fbth 

s 



Obapteilt' II 

REVIEW S?! Z,ITER!!t'O'lm, 

:Meagr~ into~mation 1s avail.Qole 1n the lit'"' 

eratul!'e on the· oat-ure ~.f flower cole>r lnhari t .~n ce tn 

«1ltaJ.ta • f'.her& 1$: no ~ecerd o:f ~n'lJ' , white tlowal? :x. 

white fl.0:wer cros~es- whieh yielde.d ~rple fl(lj ife.t'ed 

pi~Q.g.eny, except th~se progeny discu$s.ed by Weih1ng 

(1<:>;.11)-t 1946 and 1948, whieh are tbe eu.bjeeti of th1tt 

·n:ie st.~dl&$ mo$t. fre.quentlr tiepol"ted $?'& 

tho$$ \Vblch ii'ivol~ yellow :f"l.owered 1t pu11ple flowered 

parents. V'laldr<:ln C?) ~ in • study t'eppl!'ted in 19291 

faumt ·d¢ndraan·ce entl~ely lacking in a etrea·a between 

!!:<iioaag t,!ativ,s ti .. {purple) ·~nd ~d.i~,·~s_~ f-ale~ta L •. 

(yellow) .. He fQUn.d it. impo.:se·1'bl.e· t ·o ~ltUHi*ify the w1«i;e 

· t'a11ge l')f vari.ega ·t~d GOlo~·e itl tile Fs g-en-er·a,tion, but 

by :setting the propo~tien ()f yel.l·ow seg-Re.gat;ea aga.ixu~t 

all ethel:' elr.sae•~ he obtained a ~stio of i:sa, whitlb 

indie~·ted i faetG~s. Koroboda (4) > 1933,, ~po~ted 

tho.t the $U.p;po$1t1en that 2 or $, tactQrer, a:re invobte~ 

1n dete~mtn1ng the od\l'>I' of flower$ t~ Qlfslf'a. was, 1a• 

a.dequatc., i'he re~rults .of h1a stud:t,0e !md!ctated at 
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leaat 4 factors, one !'or each fundru:nentel eo1orat1on""'"" 

cret'.urt, blue~ and violet ,, en<! one 0r tw.o that 1.nt:e~sify 

thEtee colors. Burton (2}; 1937; repQrted d1ff!cul.t1 

in elassi:fying the r2 population 1~ .a purple ~ yellow 

oroe·s., but suggest$d that a. independent fa:etors oon tt>ol 

fl.otter color 1nheritence 1n alfalf•. 

1-0 

Mora deta11~d stud.lee irt'Vo~vin g, purple 11t wbite,. 

white x yellow, end ver1e·gfll.ted. x w-hi.te_ were re.ported b-y 

LElP:..Pe:r and Cd.land ( 5) in. 1939. They suggested that 2 

dom1nant supplementary f ·eetore influenced the production 

of color. The :ebae,nee of both or these fa<ltors resulted 

in white f"lowe:rs, wP,ether o~ not the 1nd1vidual pl.ant 

oar~iEhi re.cto:re .. tor eel.or,. Purple W·~~ ret?a!t'ded es ~pi~ 

stat1o to yelle>w. The following genetic m&kenp was hypo-

thesized , letting P represent the faeto·r fo~ purple, Y · 

t~e factor for 1ellow, .and .C and A the supplementary fae, ... 

t .o~s fol' the proau.otion of c.olor: 

J!>urple Pl?C-eAAyy 

Yellow ppQCaaYY 

White ~Pee·eayy 

Ar trong and G1b:&on (l), 1941, repot>ted the 

1nhet>1 tanee of' flow.ero col.or in a et>ess t!a'dios.go med,.is 

&nd !· gl.'tttir.tosa. 'l,'he fl·owara of the !-. sJ-¥tlnosa 

se'1~c;t1 ,on w~re ·cream. e·oloriea., ·while the M. med1.a sel.ee-. ..... . ' . 

t1on p-ossessed medium dark pu:rpl e fl°"wers., Thirteen F2 
famiJJ.es segregated as· followa: 5 tam111·es, 3:1; 2 tami-
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lie$, 15:11 end. 3 fam!lles., 63il._ In ~ f"Elm:tl!es, no 

cream ~o.lored. s-egregates occur:tted. From this information, 

the'1 assumed thst st lEHUft 3 faotors controlled purple, 
' 

and tha.t th~ :faetor for cream Golott was an alleli;)morpl'i 

of one. of the purple- factorfil, 

W$:ihing (ll) presented data in 1Q48 abtaine:d 

f'rena segl'egat1ons of purple :& wh1te, :yell·ow x white 1 ~nd 

white x white e:roases .. S..egreget.1-tms. af purpl& &nd white 

in th-e purple x white cross !ndi¢.ated that 5 independe'nt 

t>a~t0r.s we.J?e ·1nvolved. Thtle:fl independent rac,t(l)'.ra were 

found to govevn the aegr-egsM.on of yol.low and wh.1 te p.ro. ... 
genies :to the yellow ~ wh1 te eross&s.. In stud.ying the 

P1 Pt-ogeny :of the white x wh:tt.e .orosses., wh1ch, when 

oart1'1.~d into the Fs,. gf~e the oubjeot Gf this thesis, htt 

found ttu~t ~ome fami11.ea w.e~e all ptWple~ some segre,g$ted 

' fo11 purple and wh1.te 1 and other fami'.U.es ~er& all white. 

From the$e r-es·pJ_ ta, be eu.ggeirt~d that pUrple ••s govet-ned 

by ~t lea.st 3 factors whi·<ih he Q:ta1gn$ted. P1p1 , P2P2,, 4nd 

P3P:p flh!'ee factor.a. f .o?J ji .. e,11.o• ~r$ .aei·~umed #$nd dee1.gtult ..... 

ed. Y1;,1,, Y~;fN'~.11· .ond Y3y5fl In •add:lt·ion, a eompt-ementar1 

f'ac.tor, Cc"' .tor the forms-ti on of col.~r wa$ suggested. 

Th1$ f .actoI' must be p:ree·ent 'in the d:ominant oendition,. 

·and ·~'& 1«tas~ one o.f the tscte:ra :for puirpl·e o:v yellt>w 

mu.st be demtnant ~·ff)/re· the~e . could be an ex;p:resaion -of 

CO·lfll'." • 



r.aira, IJ:'ys.i.ial., ltits~elba<'b.t (i)l(i w~.$tOtt'e¥1 ' HO ;I 1942.t 

$teted; 

Sh1·ce msny Med1<'ag() species have lE> 
ehromosomes, 1 t .appears not 1mp·re'bable 
that: thos·e 111 th ZS t\f'$; te·t):'aplo1d • More"' 
ever>, a ·rev1$w of the 1.nher1 tan·o.e studies 
incU.cates that, ln many o.es&s at least,,. 
th$ gan.et.tc r<ati·OS obtained :f.'1 t · the .e.x_ .. 
pecte4 :segreg.at1on in Em $U.tot~ttaplo1d 
hette~ tben the eortipl1$&ted disomi.(l ratios 
r~ported, a_nd tet.ra$omtc ~a ties often a.JC,;;.; 
p).a:1n theae oas-e·e for· wb1eh no l!tetisractory 
d1som1e ratios. ~el'a round. (0Hl ) 

Julen (3), 1944, made a cyt.olo·g1-cal 1trV-E1·&tlg•""' 

ti.on of alfalfa. He found th$t meiotic fixations •er& 

.s·uch 'bhat he could. not make s d.•ta11ed analys1$ o:t the 

course af ~1os1 .s.. Marked d1stu~bences :vtere observed.., 
' 

tnstead of only bi valent·~h there of"t·en oeeut:"red '4 ~um• . 

ber of ut11v.ale.nts "1nd. 1n a ff1w e·as-es; nw.1t1velents 

or.tour red:., Trlvalents wer$ mo!fle often observ•Q th.tln 
' 

qu~dr:i.vaieritfh Re concluded, on the bastt'J ot h1$ ttyta>- ' 

l.og.i~~l $tud~es, that !" ~ativ_a is ~ tetll"$plo1d •. 

12 



Ch~pteta III 

l~'f~Ol)S A:N.D, MA~~I-~ .. 

Th:fii $tu.a7 ot . the tn:ne:r1 t11.ne:~ ·or tl0w~r .eol.o·ti 
' •' I. i , ' '\ l '' ~ • 

in l:i1fa.lfa wge ~ndertak1i)ri with 16 · F~· tE\nd l.iets 1,from l~ 

whit• x wh1 te cros$es betwe Qin 9 wh1 te f'l·owered alfalfa 

pltu~.t$ ... Thea·e ramtlies wer~ obtained .t~om ·Doetor Ralph 

M. .. ·w~lhtng, formet'ly Assoo:tate Agronoml.at, Colb·r~d.o 
" . . . , - . ' ' . ' ~ -

Ag~1eultural 1b:per1;ment Sta;tt:on, in tb$: s:urmnG%f ... ot 1947,; 

~e· .sdllree ot· the p~u:•ent white plants~ and th& method ' . . 

- ... 

oE ms.tdng the et'OB$'6s we$ repe>rted by We1hing {11 ), 1949, 

·The origin and the d-ee1gn&t-1ons ot the p·arent plants tire 

sb~wn 1n Table l. 

TetilJ:l~ l 111.••.DISIG fA1'ION$ · JHilD ORI G:tNS 0'$1· tARENTAt WHITE 
. .· llFALFA Pt.ANTS. 

· · Pl·&:ilt ·No• . 
J_ _s a . ~ - ·- ~ ! -

2 Op$n .... pollineted .ee1ect1on 1n .1937. 
s Open-pe;l11~u~ted selection. in l.937 • 

.. 4 Open•·PolU.rulfted sel.eotion 1n 1937. 
l3 .<)pen .. po11itua:ted $~l.e¢t1,ol!\ ·in 1957. 
,~ Ope.n..,.pellintit·ted s ,elact1 on tn. 1$37 • 
. S An &2 pl:Q.~t f .:roni tln.G l 94·0 b,,:Ehildiag t:l'Ut'StllX'J 

J - ·~ . 

from the va¥>1f)tw: ttdak , · · · . 
9 Sttiay plant . olo-ae to the . 1Et'3'7 . btteeding nursery . 

10 An S3 plant from the· 1938 br&eding nursery 
tr<un the variety Vale . 

12 Stray plant se~ected in the :rall of 1940. 



E».t4.seula~;'.1® :Qf! lfe"Verei to 25 unf'e...-t!.l.i~ed 
·,. ' . 

::-."._. :·"', 

· flowet*'&· per pa~ent Plant W$S ae·oo111p;lished ,by $lean& (lf 

suetion, oarr1•d fr6m th• '\*findah!elci tfiper ot ,a oat-

tb~ough a f'ilb'be~ bOSiJ• i'b;e. bOS$ VltU:J. tipped, with G 

·dr•vm gtas.$ tube j'U.S t la~g:• enough to su!''l'().\ind . tin> e11;~ 

. potted stigma* ·Ttt& •tandard was out liwflly he.rol"e Ginaa-

e:u1.rtt1 on to Pl' event . ,.the. eon tand.ru1.ti Ot.r c.f \tct-$lgn · P.Qll•n . 

. e:d flowera we:re imme1U.ataJ:.y enel.oeed 1~ glae#1n'6 lHig~ 

•n;d the X'&eem$ t ·agg~d w1 th the name et thf) p~~en ta., date 

ef eros:e, a.rid n'lunbeto ot flowers erossed ,. 

1htlfed Q~uad w~.e ebtsi·ned by •electing ~aeemes 

With a la~g&. Aumber . ~t untripped t1t'lJW-e~t:t, cutting :aw-a:y 

. •ll tl'lPP*'d. fl.owe.rs . and. bude., tripping the, tte•in1ng 

flt:Merrt ar~1f1()1al.1f, •nd c.eve.t-irtg the ~$eeme W1 th .• 
. . 

~ ;. . •. 

!he aee~ . f:rQm •iroaa• end eel:t•pollin•ttaita 
' . ' ., .:.. . ~ : , . ' · .. '' .··-· ~ - , 

-· · ... • .. wtts pl.•n 1H~d ln thEt $PX'tn.g in tb.eJ' gl:'eenJheu.Ele .• . · tll'1(·,_ ·~.,•d~ 
• J; 

·'· :: l1ag Pl•nts weX'e tranaplant.ed to the t1~1d. t·h,~ S$:rn& · 
" 

, ${>ring if.i ~OWB " feet •pa:t-t With &bout 4 ~nchf:l8 o$twee.n :. 

' • ),. 

Color .~e•dtng~ we~e m(lde 1n the ye,ar of .tr£u:.'1$·• 

·plant-ing. All g~&uta:.t:to.ns ot purpl.e •e~e .·cl·a:Jtd.tied •• 



puirp1e: 1n . the F1 bEH~ta:tts:e of th$ d1ft:t eu1 t:r of aeeurtH:iel)' 

1€h.1nt1fy1ng Ei:tff'$t*ent shades .• 

ln the aumn$r ·Of 1947~ an 1att:em.pt \'\Hrs ·msde ta 

~lJu1sity the V$r1Q.us s.bade41 or pu:rpl~ in the Fg $.~:e·o~d"'" 

1n1 lio ats.nderds publh1hed b.J iU.clg\fta.)' (6) 1n l91S.. It 

was not1e•d. that tl<irw-ers ti'ilrHied to. f~d.$ :f!O the1 age4., 

end s:tn~e there tte)H:a: s large numbel' .ot 4iff'erenb 1nte~:d .... 

ttea o.t ~>Qlt">r, all $hs~Eu.t 0.t purp·l;.e. •e~• gl'.'(l)uped tn ·t;he· 

arut1ysis ~f .f.Utta,. 

the F 2 tami lies used were those ob\ia.ined by 

self•p-ollins~tng pur!)l6l Pi 'e • Two Fg . tamtli·a, 1 howeve)l', 

th•:t refful ted. rr·om the s$lf•Poll.1nat1en ot wht te !'1' s 

wt'i.~ fi$rown tio de·te~m.lne tt ·seg~eg•tton -wo~ld o~eur ~ 

~<;. oh1 •squsr.e tests f G!' gQQdn~as . ·t;>f' f1. t And · 

1nter-aetio:n, o~· heteregene1by1 wel'e 'appl.1ed. to, the ocb"!" 

t•~nifJd d~H~.a. ',i'h& methods •nd terminology of s~eae.eo~ 

(7), publ.il!-bt)d in 1946;, nre ~•etl th~·Qughou:t tlbe stud.y .• 

'?hEll geners.l i'4lt'Imila fl)r x2 {~h1•Squtlli'$) is as follows: 

xB '" {o;o. l~ # 

wheirte O equ~ls the °'btlerved. ft>iiHJ:ue.ner to·'IJ a 9Eirtioule.r , 

olsa$_, $nd a t he .o.al'6ulsted number .ftl>tri .the ee.me elaes 

on tbe ba·e:i .e of th~ alele-a,ted hypo.th0'•1» ~ 

5 



Lf>¢lf)tion r,r. Rr1g1~··1 data ·S~d '3e:efl_ .$_-tt)eks. 

!he or1g:tnlil'1 &ata , f~(>m . btch tb:1a: -t~.esi• 

wa• w~ltten are, on tile 1n the ' vault or tbe' Agvonomr · · 
. . ' 

~hH~tion, Colorado Agric:u1tu1'--1 E:x~e~i•nt $t-.t.t1.oo, 

F()JJt Ootl1n$ t Celor&·t.:fo, i'b.e ~elD.llintng seed ·etoeks · 

~u;i,d Pl•nt mAt~r1al1" a!"e b•1ng matntetn~Hi on the 

A3l*Gnoftt}f Fa:r .zn . 



Ob$·pter IV 

"ANALYSIS OF DATA 

·t7 

'fh• 1nheri-taoe-e· ot f1f!>W.'():t- e~1or tn .Etlf a.lt·a: Wi\tl 

studied by c,rob'sing 9 whit~ t)..owe~ed ·a1f&l£$ p.1ents 1n · 

12 ti)Olttbina'lrinna • The Fl genex-.at.tona of these erosee$ 

val.'1.0d~ Seme· ·oros•es. bad ·s11 whit& t~1 •·$:• s<ome •ll l>'l~i!ll! 

ple F1•si end other>s segt-egated ror pu.rpl• end wbit~ in 

the F1 • Th$~e .t-esult'$ wetie _,$pQ:rted bJ eiht.nt; (11}; 

1948 , who s-uggettted that c.omplJ,men t•r7 tacto~-s were in-

.. ·volved in the :tnhe;rtitance ot /lower ·o·olor '1n alfalfa. 

'fo s~ ·Qttre uu:).t-e. eo~p1$be d.$·t11., puf!p\~ ~1 ~' *' tro?n a1l 

e:ro~see. Vii th purple pt>ogeny we):'e s-e·l.ted e.nd t-h~ resul. t .... 

in.g prog0~1 observe! for f1Q\!0r ool.o~ :in the F-e gen·erl!l• 

tion. 'l'wo: hypotheses we~e de·veloped in .en •ttem:p t to 

ez;plain the $egregat1,ons obt~tned in th$ F2 generat1.on .. 

m=ao~c segJ>es.a~ioo 

In the f .1rst hypothesis 1 t was assumed there 

w&);'.e .com.p:t,.;.mentat-y tfiet$rl· t .o'!J product'.ton ot purple 

color and that these raet6r-s· 1 o,egresa t~d tn d1som1 c ra• 

tio·l,h One rsotor I 0(} l tntiet be pre1.1·ent 1n the d'Ominsnt 

<H!Jndltlon be.tore aG1ar oao d•velop. tate·r it wets f1inmd . 

I 



nee~ss.ary· to postulat~ a <1up11eate gen~, ~.909.., •hi.eh 

-W!Qtl14 ti1a() p;tood:ue• «olo~ lths·n present ln the. dotnin~nt · 

eonttttloo ~ An.O'.th~:r- f$-ete·r, Jp.,,. wb~H.ii ~lt'$4'$nt in· the 

dcnnitr$'nt ¢on41t1on1 would. a~t· with the b$$fc aclo~ 

.ffl.~tor>it a~ er o~e~1 to prod:u.~~ purl)le flowe.r eo1ol'. 

fbre• gex'l.&I of this typ-., duplia~A1e .tn lliode· :Of. expre:$e• 

totj.,, vret-e p.l)ttul.stf)tl~ · Pp, fiP~h fil~'(il 'l>'$P$··· 

~t the p;g\1\l$t'l ts W$'.t'~ et tlh$ g-e~e·id:~ .ocnstl tu.~ 

tiQ'~ -0042¢2PPP2PSP5Ps (w.ht t$) and e-o.~1t.>2i·PPe~aP3P$ 
. . . ~ ' 

(whi t-e .), th'f> F1 Wt>'.l:i.14 b$ Ptlt>ple a.nit i ·ts genot1pe wou:l .i ... 

b~ ,etHl2e2J?PVeP2PsP3• How~ver, $S. r•Jo~t&d; hy We1h1ng 

(11), 1$4.S~. few . :f.f:limu~1es. ·war• sl.J. puJtPl• 1n ~h'S- F1 

g~e~•tlon .• .Al th<1l!i:gh ! t 1.s be,y-ond th~ .$.~ope ... ot: thte 

tb'$s1$ to $"Xplain bi detail the i~i_ $Jegt>e~&t10n$ · r•PQ·ft• 

ed by \'td.hbtg (llh there shou ld be tJoOotae 'baai~ tor th• 

expl.tlnation of tbe$e 'obt~in~d eegr~gGtiens • If, in t~rt 

ab,e'\l'e et>.Qs~, · the f~~st f'$-rent ha.d b$~n bte~o~vsou.$. f.0:J1· 

o; a . $:Ja:g~ega t:t on to~ P\ll"Pl.e ·and wh1 't& · wou.ia , h•ve ec~ur~· 

$tl l.n · the ft gen~JV$\11Qn in ·~h& Nlt1 ., .. $f . lJ~" . Atl ·SU~tl.g . 

that the l't.eto~a .P ~d P2 .we~e h.eter·()~ygoue: 1n the $$'0:-"° 

and ·pat!·ent: tn. the ~bov~ Qrose1 the ~tio er purples t~ 

wnit~· i.n th$ F1 gqu(tNltien wo:uld h;t11e .:tieen a~ 1, · · If the · 
,· 

t'1l'$t ~~4\lnt had been hete.l'Q~:rsouS' tll~· o ahd tbE); sect~na 

p~·rent heteroe:y-gous f :ot> P and P.2 , tb~ ~·atto . in the above 

c~G:$S would have been a I>UrPl.es t~ 6 wh1 tes in the Ft 



ge,na)J~t1on,. In all ·¢8SEHt i 't would bsvt:t been poEts1b1:e 

· to ·Gbt$:1n: a P'U-t>:li1e 111 pl.$nt ot th~ gH1QtJP$ Cer02e2,.·· 

.P11faPs.P5P~ •· · Upon 'se>lf1ng th1a p.la•nt, a seg1'ttget1on 

of pt1rples to wh.i te$ in the 112 generat1·13n would give 

$ t'at1o «>f 2,.5$011• Table$ 2 giv~a tli& tte~ult of f1tt1n$ 

th.1f!f ~at1o to 9 SQgtegat1ng F2 fe:m11i.e•$ ¥ · ln~U.vidu~l eh1· 

•q:u.•.r.e: V#itlu·~a 1ncti oat$d ·ta geod :ft h ti·t ub$: Ob\Sil>v.ed data 

fa) t 'he ·(14:\leultit~d lti$t·10. In •11 ea$i;uJ/ the ·pPobab1l1 tf 

· of ·obt;aining as larg$ ol:' a l#iittgeir de via thm rr-om the 

C$l.cul.Uted t-at1e du~ to oba.noe e'lone.1 as ~lbown by the 

chi~·qu&:r.e te$t, ·w1in1 ·less than 19;.l .. Howe:\ter, tlie 

· 1oolad ohi•tr~·al".e Vflllltl~· ws$ found: to h$'1e e P vstue 

le~u1 · than o .• os • . 'the htH:ie:t'ogene1t'y ~hi•a(lu~:r~ 'U'Qlu• 

in:dicttted that th~ data from thee.e f~u:n:ll.tas · we're ho~ .. 

ganeous • . · An ex~.un1n~tion of. the· dat~ -rev,ealed a r ·ather 

un!.to~m tQndene,- ro.~ the eal.culatf>'d nmnbe:).1'~ of mirpl•e 

t 'o be tf)o low and the '1h1t$o to b~ u@o ldgh.. FatntlteS: 

llif...,,4 end 118•'8 w-e~-e · fonl:ld to be elttit&ptiona: to thia 

tEin'1~m~y. ·Th$ s~2reg$tion oll>t.ain$d in f 'ami:t7 ll '1~4 

wfl$ fauna to be et~tisti~el'l.y d.itte~·fiH'\b t.~c.m the Qther 

aeg~eg4\t1ons bf the ' u$e of t-h~ e-hii0;$'(l11.u~~e t&st f~ 1n--

4•p~nderH3'3; ·• I ·t W.a>& '• ·$.Sumed,. t.herefore_, that tb1s f(amil,.J 

d.t-4: f1t the ~•t:to:, . a.~68 : 1 ,. 'l'he ~e•l.ning e tf$1ntlt$JJ 

we~'t: :t'owui to fit th~ oaleu.lated :retto :2,.i02l:<l 1. _afJ 

shown 11'.l Table a. $1nee the pooled ehi • sql.-t:lti"e V-&l.\le 1h 

·ira:bte 2 11'ld1ceted. that., .t'ot' the m.o&t P•t"t, the t~te4 



'!aal,e- 2 ~~ FIT OF 'lBE OBSERV£11 DATA *!\G A CJALClJLABD 2'.368t'l RATIO 
OF PORPLBS 'fO WHI:TE ,. ASS't'5lttNO DISOMIC SEGR!!(U\TIOM OF GF..N:ES C ;. P, 

" AND P21, 11!! i Fa FAMili!BS ~OM SF.LF-FERTII.IZRD PURPLE F1 PLANTS -• 

3 x e io,a-1 ev~, 
~ lt 2 11-0•4 24,'1 
,4 x -0 ll1:'""4 3l$ 

106 270 .. 69 114.31 l o.e10 .so-~ao 
- ~7 ' 2MSS $9.;l.7 l 2.;124 .20---.1.0 ; . -..- . . 

117 302 :n 12-7 ~- t!!l'f l l, ,.;~9 .$0- .. 20 : • < : • • -~ . · ·~ ~ 

4 x ' 5 113-5 207' 74 197.51 · ss ... 43 l i.:517 .• 30•.J?O 
4 ~ s ll-s ..... 3 · "'12 .2''7 69.60 29 .. 40 1 o.e7v . .,~~S:O 
4 x s l l &--'7 ·us. 12l 322•'111 l3G~S 1 2.43B ~ao""'~l.o 
4 ·'* 10 ll 7•4 173 
4 ~ 12 , 11e-;a 4:1. 

93 18~.QQ ?l'J.9$. ' 1 -~~4Q .• 10 .... ,,,:QS. 
1'?' 40 . .,l'f,9 lV-.. S2- l 0 .•• 4 .'95 

6 x 5 'l2'1-l 15-4· .56 147-.56 6S~$5 l Q.920 .50•.30 

" --T©TAL 1:8.24 
............. - ' .ao-'.lo $:98 1864..-59 ~SV.41 '9: 12.:899 

P.ot;l.ad %2 l - 4.,.9~. ~~()_{)~-·~ 

' H:e teroge?l'$'1 ty x2 e 17 .. 9.95 ,..5(,) .... .,3() 

~ 



I 

f'«mtlie$ did nGt belong tn the ~.36Stl popul.atton., it 

WSi.J · :$·8 :$\:UttEttl thet the .V(:)mtd.n1n.g 8 fam!11&S tslli)Ul.d b& 

elaee1f1~d .uttder· the 2,821;1 rtttio. 

21 

·The: · ~stie~. 2.B2l.:l.,- •a$ e•t,c:u,lsired by 1!Eisumtng 

th~t tht) $8'.tfed F1 ,WlUI Coeae21>P:P2P2P1P3. ibis. F1 would. 

. be obtained if the· 3enot:1P~& .or the i>•r~nts were $ti · 

follows:· GOcae2PPP2P2P3P3 a.nd · oeo2.02f'Pfa·'2''a1'3 • :Segir:&-

g$ti ons 1n the F1 would be Obtained f1h~n these parentll 

we·l"e attsam.et\ to b.e be t$:ttt»~ygous .. Indt vi dual .Qh1 !ii.sqt,s:v& 

values, ,shown in 'rsbl~ 3 1 for ten F~l fEttnili.es were cal., 

eul.ated (i}n the be~:ts, of th:t,$ tte:t1.e ·Ehld ore11& round to 

a.how a &ootl · f'1 t. of the ob.o.e,irved "d$t~ to the eslenltrtiecil 

segr&gt.ltion. ~ot.al c,hf,.e.qU:tl~el,, poe>l'*-'d ·chi-.square , and 

hot~i-og~nei, ty eb1•GQ;U'are 4'il.:a'o VJ.el'e f'Erund to eh<>w. a g·oP>d 

fit ot the data tQ thte ratio. 

Otbett d.isomie. .~aties. W$re: 1'bta!nea :when th• 

Fi purple P·l.an ta wsre tHll&Umed to be of' th~ Occ2e2Pp-

Pa~2P3P3 ·~ti! the OeC2e0PP?2P2f-5I>:; ge.notypes, In th& 

$£\ta, ·of the OoQ2ee1PP·$fP2PaJ>3 genotype,, 1a rati.o of 

7.~5B1l, purples te white, 'would be obtained,. 'The 

Cc<;~c2PpcPaPsl\~Ps. g~~()type v1oi,i ld $egregate in the ratt'1> 
or 11. 962 purples to l wh1 te • Res:ul ·ts os f 1 ttln~ ob"" 

served d~ta tor va~ious s-e~egflting families .in the Pe 

g~-lileli'etton to the,se rati<:>S · $1t'e given :tn Tab1e· 4_. Chi• 

.aq'Uiare test~ . ind1e:ated a good fit fo:r 2 families to th-e 

fit*$"~ r•t:h) e:nd f'oV- 1 famtl;y tc the ·$~eet1d ret1o·. ' 
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f;t'able 4 ~.-•THE FIT OF ~ OBSERVED DATA TO VARIQlJa OALOULATE1' . ltATlOS 
·OF PURPLE$. TO WHITE, ASSUMING DISO:.~C SEGREGA'rtON ~ I !l SEVERAL. F2 
'FAMILIES FROM .SELP-...,PERTILIZEt» PURPLE Ft PLM~TS ,. THE ASSUMED F1 
·GENO':PYPE IS SHOV.ft~ I N BF..A0DT$. BESIDE THE eALOULJ,TF.D RAWIO .. 

- ' -
''lfumber . or· 

cross · Fmnt l y · o"S&erved . ·, e!11crulate'CI · ~ df' Chi P 
__ _ _ ___ . _ Jiir2l~-- rn · Wfi{'~~- ___ N;;tpl-e _ WtiJte -· ______ -~ql,l~r~ - -· ___ '\T~l.\1~_ 

. {Retlo -~ 7 .:!5th I} . {CCOJjegPPi>2-PaP3P5J 

9 x G 
12''X 6 

TOTAL . 

1.31-1 
141 .... 3 

.~. 

Pool~d ·xs 

Heterogeneity x 2 

1·55 20 
00 1 8 - ,...,...._....,.. 

2.45 38 

1·62.60 :2:2 .. 4'0 l 
· es-.1-a. ll.-87 ~ 

"' -~4$ .•. 73. M.27 2 

l -
l 

o.as5 .. 70-.50 
3.006 -~ .10 ... ,..:Q.5 

a .• ~99 .20-.10 

..-4~2: .so-.so ....... "--·-- ------ . 

5 .. 437 .. eo-.io 
: .£< , - 1 .,:~-- ~ _ _._ _; ·: __ ! . _ *·-- . _ ., .. ,; , ·. ) ·. ·. ·-,.; -- 1.tf· ·: . :.· ·;..; r · .; · 

. U 'Ult10 • . ~J. -~~: l j \U'edec2:PPf2Pa:P--:sP3) 

a ~ s 1as.1 45$ a1 446.ee 3''!'.54 1 1 •. 1aa .. $0-~20 
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'. 

· 'J;~.'t~~8nmi~ J~,@~l~~~t1n · 
'· .,:incH~ afi>~rt a,).:f'F),lt'~ bs$'. ~ till:"omoi;!Qme ·ntiril.b•,_ 

· of i\SI ·. 11:1 ~h& t.H.;5)lo1d ~·.Qndl'tion ,, \Yhil• s f>rtie ··~l;et~a: .SP•• 

e1~e tr.lt">a "kfir~wn to. ·nav:e · ~ ' «hl"'bmo~om• ailmbel.,, ·Q:f l61 ~•1:•1 1 

lt1e•~~lliu.~Hih.;J and. · w~·•iloveif' ~a)# l.94.I, •ugga$t~<i th$t •utco·"' 
te:tt'*1.pl.~l4 )'$t1as. · m.ipt e¥p.l$ln· thfi ,Ql\Jt,f!)t:tne:d S't&?-e,1t:ton:$ 

be·1u~s~~, :th•n • <ltlmPli(Jia,i}td 4l$o~~ r·at1 :¢ll~h · t~~ · $tiH)Ond h~t1;>~ 

tbeiiis,. th•~e£1'~e, •~·~ th£.i fHuiu:m.pticm that o~$ill.ia$nt,.at'r 

· f'~e,~fl.~.s bh$1i 4l·eg~~g~ff$ in :ttnbbt~bi'tH.ttl~o l'lllti:Q:s et'tat~ol 

. p'Ul1pl.~ tl-~l"' (fetl.o-~ i~ .~'.lt'411fSl ·!i• 

E~ploid 1>l·tni t$ httV1t;f eb~IQmoJ&me · nuttlb:$'~'e vih! ell. 

an· '®'llttp:l..iu~ Q·t 1 l>uie n\u~b~r* Au:bopGly-Pl~ld$·:· a!P$ 

_pol1»l<1Jid$ :in wh:ieh tbG ~·$tl~ Q,f o~OlllQtJbm~~ · ~11 ge:n:ii>m•'$ 

a,r~.· f ·ro.m th$ pme t'H)urce., ltut:~tet~spbtds · et1:e $-Ut~·pet1,• 

,ltd .. d~ -vihi~h -~i$.~ by aGubttn,g; · iihe fl~~igin:al ~htJot4oS·()m• 

~-:mp;h.eme-nt • .· '!alfir•.fl!ltta 1. tn1'-l~'~d <af h•v1n!l ~ pat!' gf ho•()~ 

lo.gob& ; e~0fmll)~CJ:tMu1~,· 1 an · •tttQ-tett~«Pl'.{)1~ 'lia:a f~u~ hOJai.O:lo~• 

uh~emo$o~~:~ il'l th~ fln · e•tiA·ft.i,Qn • ~$®.!'1 vtl$~.t$. 11rt to~· 

eQ. when the~e abl"0m0$0.m.e$ Ja,1:r tturcing P».·ophas~ l · i!l. -cQn• 

t1'-•st ··to th~ b!v•-1e:ttt$ \fhi~h "~.e fQi'mt:d. during t~ ~•CJ;u-c~ 

t.l~tl d'.i:v1s1•n 1n .e~din~J>?I 41p1eid, e'g1n1s.m$!'..,, · Whf.m. ne't 

·~t'!>mpl.i~~ted b7 ~'u~h f1aetli.ll'$ :$s, · :tiQn,..frlt .1j:u11ct1ce~ ., t•a 

h~Gl<>gu•,$ · at-~· a$$Q~i.\;ed. to· •ach gam~t~ in -tan ut.~te\~"1* 

i;>l.otd.~ ~$·••~se Gf ~h:ts fa,~~£" $utGt.~Hs~,aPlo1·i s&~r:~gat1t>u•ui1 

4.1f te'r· fyom d1Pl•14 -s·e,regstt Qtltil , IJ'b~~e $re twQ mlltn. 
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typea of autotetrapl.oid segregation$,, Random.: ehr-0m.oseme 
fH'Jgti-egat1 on 1$ thought to :00¢u r when the gen$·$ e.re l.o~uit.• 

ed next to the spindle fib'it- ettaebment, 'ln tb1~ ease, 
th$ s·enea wt11 as·sot>t at ~and.e·m depending upon the W9.f 

the· ohr;()nJ.(l)SOmes are o·~iented et met~pbas ·e 1 ~ Howevet, 

1f the genes are loeated far· enou l f:rom the spindle 

f.1b·et- $0. that: Cl'Oi!l~:I.ng•OV$~ COU.lC; 'QQtJU•~ th~:;f$ WWld -~9: 

a r.~nd~m e·:JC:Oh.$nge ot chro'ttl4t1ds in t'h$ qul.\t'tr;t·'falent * 
This te. t~med randtmi o~o-m&it.:td ee~ti;gat:t~h 

Clbr01l11ltl'd ratio$, flmd ·ehro.mo$ome .rati.os w~~e · 

· ea.i~ut•ted ter ao~plEhnent$1t'1 f'aetors .· Co and PpP2Pa1 but 
the tb~o!l'e.ttQal. rat!e1 :11~v:UrGed. d1$-t1n~tl:y from the ob,.. 

s~rV"ed ·d.ata.. nowe·ve:r;- when it was assumed that cc, 'bh• 

be$ic taet0l' fol' the produotiOri of c:olor, w•s: -.ssorted 

by l'fmdom enromatta f&.g~egatlon, and that the f'actt:>~,$ 

Pp t\nd F2p2,, whiob ·aet with Oo ta produc$ pUrple colo.v .. 

wei-e assort~d b'f ~ande>m oh~om$eome ••g~&gation, '9e.v$ral 

t>attos were: ·esloulat$d. hleh more nearly approaehed tlhe 

O:bStU;'ved. segrega ti·otm. 

Ae:sumng G, P, and lfg in ikhQ t1mpl.et¢ e.ondi t1$n 

(ce:e:cPpppP2P2P2P2 ) 1n the it'll.' a aegteg$tion tn the r 2 o~ 

2.'109 P\lV.Plea to l. \Vhi te ·w-ould be 0bt,Qit1Gd• Oh1•equa1iEiJ 

v~tue.-$ wet"B .cal~uleted. for. 5 f$milie$ on tha baa1s of· 

t h1 a ·ratio and, are $hown in 1!ab.l E) 5.. A· geOd fit ~f' the 

ob$..et'Ved d·ata to the caleul~ted :t."at'io was. obtained. 



't,$bl.n 6 g1ve:e. th• tteaul,.ts of f1tti1n; 10 ttun1•' 

:U.e$.'. t'° tb~ e~lctll•t~d r•tto, ot s,e1e r>u~pl~.$ to l whit•• 

Tl:d.ti P$t1o w,a$ obte.:tnfJd wbem tt waF$ :$S$u!ned t~t C: wa& ~J1 

the dttpi~~ een.di't!eu1~_ P in th~ . simp~e~ . e~nd1t1en " ~l'ld Bg 

£n tl'le nulllpl-e:'t c.0.nd1t1on (QO-ec~l?pppp~p~P2Pfa) . .- ' t:n.eit11ldu~·l 
' ' 

ohi ... e·qua:re· 'V{l.'ttl.es wt!llle f~unt to shl)W . ~ go-o<i tl t ~t tht ob• 
., ' 

$0~'1ed dta t(ll' .. t Q th~ <:() l e.ula ted %'et 1 t!1. $illt~e pt 1 n thei Q a.s ~ et 
i!~m.tl:t 141•3· ·The total ehl•:tJqua~e- :vala$ . ini'.!llcl;ltad· tb$t 

ln·fi:tvidu•t Vttl'i . .at:h.,na in~j h1;rv~ be-~n d~e t ·o, elieuee d~vte .... . ~ . ' . 

ttonim. Howev$~, the pon1~d ehi""'Sq\litU:"e v.td.\ie W$s rouna. to 
b&\Ve :g, P valuf! ~ttwe~n 0 t01lf t~d. . 0.01 • ~:1.$ :tndtcuitt•« that 

the teflt~d 11opul~tiC>ri teraited t0 dev.litta :r~~$ ·the ~h5l~h1 
• • ' < • • 

rat!<h 1let,~~<1i!eaei ty -~hi~&qtlf?'t'e indiestad ·t:n.~t the:~~ 'll'tas 

en unif'e>i-m \a~nd-ffnoy in the ,i>;ulati.$111 to d~v:t•t~ frem thia 
ratl·o.. .An .e~andnat.1on :&f tbe d.$;b~ rE11tre$leei -tbet bbis- teno!;> 

; ' 

de'ncy was an unt;l&rt-stim~tioll!I C)f' th:$ nu;pbet>" .of ~urple . tH1~g· 

re.get&:$ an<l an overas. ti~atf .QJ;'.\ ot: the nu.nibar ·et white $&f5"" 

t"egfate-s b1 the ·oalet>tlated at>4Sltie.. U:nle.se othe:t" undet1&~1rJ!n ... 

ed: ta et-ors,. su~h a~, linkage oir niodi:ff~ng gen$s, w•~• 

•ieiH.ng_ in th$&e e!ll'oeHJ~fl, thi:s Jltltio w()ul~ not e~pl&1la tb• 

,t)b.t6\i.ned s;&.gtesati~nf8. 

' ~O fa.nif.11$6 1 115• 5 end l.l0•g ,, W&~$ found tf<i 

fit lH>'b~ fil:f t~ ·8'lH:>ve. t-nti.oe. 'i'bis ·~a.y h~ve ·10een du~ 

t ·o th~ smal:L &1$6 tr:Jf t'.qe$& tamili-es,. :t¥nd the 1n~b1l.1ty 

ot eh1•s"'u~r$ to d1ffe~~nt1-ate betw-e$n similar ratios 
whtln &mfiJ::l.l numbers· ~rae u~uiui. 
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!'able& :s.,-~ FI!' OF TD ·Q"BSEllVED DATA TO A OALCU.LAft1) e, .. 516:.l RA~!G 
OF 1t1RPL'E$ f<> W!tI'f,E, A'SS'tniING 'm1tRA$ffl!lC . S!!GUG/i'iION ) IN 10 Fa 
FAMILIES FROM SELF-• FlllTILIZED PURJ't,g Ft Ft.ANTS .. 'l1RE AS&rl.ml:.D F1 
GDOTYPE IS c·ceel'.Pl>PP2P2P2P2 • . 

Number of' · · ·· --
6:re>:S"8 Family ' tib~e.rv·ed ·. . C8iiciileted . . . dr . Chi P 

. Jiii-:ple . rJ!i! te 'P\i:r~-le Wfil te . $quatte Va.lue 
') ~ !!I j - J . . ' ' . - ~ ' ;q j' i i - - ~ -

s '¢-- e· 10.S~l S'79 1.0~ 27S.,~ l9i .,oo 1 Q, .. J.'51 "1o~~so .. '~ 
. 

4x a 110""'4 ;e•v 87 s~p 95~ 1 C;t. $40 ,50"1l'~·3G 
4 x . 3. 111-4 313 117 307,.:'"/0 122~50 l Q~~l .,,_7-0- .. 50 
4x 5 11$•5 goo7 74 .aoi~os ?9,.92 1 Q. ... 613 ~so..,. "'~ 
4x 8 .115•fi Ye 27 '10.-~ 2s.1e l o ... ose ,,a~.'?o 
4x 9 ll6•"1 '3.38 l~l :sas.45 1:30.-.56 l t; • . 9?5 ,.sa-~ao 
4 x 10 117·1 lQB 28 93 ... fra 3:6~97 l $ .. 044 ~io~"'o'e 
4; ~ 12 i 1s ... ·a 41 17 41.50 16~50 l Q'.021} ,.9o~ ,.so· 
6J.: 5 l2l-1 154. se ·l5-0102;J"/' 59 ~73 l 0~25 ... 10~~.so 

lt x 6 14'1·3 60 l 8 70· .. ic3 2'1 ·. $? l 4 .. 98'7 .• 05 ..... 02 
. . - -· ~ :"·· _ -~, . 

TO!l'At l$53 ·es1 17'77 60 ·1oe",,50 10 tl.349 . ,50'-~30 '" 
· ... ,. ;w,;'·.: : 

Pooled :x-2 
. 

l a .. OB9 .·02-.01 - _ , _ ___ -- --· 

:S:ettt·ogenei ty x2 :9 5 .260 .,9o- .ao 

~ 



A ru~g.reget.1on of 8~474~1 pu.~ples to white was-

ob.b$1tled when !'tr weu1 t'lssumed tJ1fillt .c we.a :ln the duplex 

\lOndl 'bi on it .a!Z\d f and P.te werEll 111 the tll'!1Plex GQndt tlon 

C cc~~1PPP12P2P2P2) ,. One fam1 tr gs ve .~. goad f1 t to thi$ 

r.e.t1o :e-s .shown in T:a:bla 5.,. 

Good .fits fo¥> the ob:eerved and caleulated 

;rat1ti>$ wel"$ ·Qbtein·ed tor two. familie~ to the autot$tl"Q ... 

eomte F~ 1"Gt1t» ot: J..2,.,$50 pu~ples to t' white,, ·ls shown 1ta 

fable 5. '?h:te r ·atio· w~s eslo'1tlated \JPen the a~suEiption 

that O :and P were in the duplex oonttitton end Pg in the 

nulll.Plex eond1 t ·il?t"a. ( eeeet>Ppppf?P2PBP2) • Fsmillf 151- 1 wlis 

fo:Und to fit the· oaleulsted l'St:to,s 0,.474:1 land 12.650~1. •. 

S1rHre. the p ... vt!lllu,$s we~$ not s·tu.iti ·S:titt.alt7 $fgn1f1~umt. in 

·either · es&e, the proper r-atio wss rtot detel''J:llined. 

When 1 t ~as .s saumed that o,omplf?mentary fticto~'S · 

for- eole:r W$1'e assot'ted 'by the above auto·tett-asomic s~s.­

reg·Qtiona, 8 rem11i.as eeul~ oet be ~acpla.:tned •. 1'he hypo ... 

thesis t'.h"at .nompl·te~entery f'ac.tors, :EJ~ g;~g~ting i n aut·CI""' 

tetrt!aomie r ·stios, eo.ttbt'olled purp~.~ tl.ower color 1n 

alfalfac 'IJ~s reje-ct$d. 

'JJo de.t:ertldne the breeding 'b~ba\riei' of plents 

whieh w~re, all wlt 1.t& :fle-wered in the '1 g.enet-tation ~ a 
:r~,. •·.s f:t-am th~ orc>if·S 'W'hi te 4 x. -white 6 we~& selfed ~tnd ... . 

the p~og~ny observed in the F'2 gen~:ration~ :ft W&S' 

found. that 9 P\ll"PlEl\ p1~n ts oeeurl"ed in an O"baet-ved popu• 
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lation of $.39 plants. The&e pl.sots were thought ta have 

been the r ·e:Sult et natural o:ras:Slng bef'o~e· the plants 

w'!lre hagged .• 

Data en the theo1"et1e~l behav.1.or and the ob ... 

·SEiFved · ~hav:tor :tn the F1 and Ffa> genel1etlo.na ire g:ra.ph1-. 

eall.y p.re$&nted in Flgux-es l · a.nd S ~ l t wae possible t ·o 

p·h$t~1ate • gencrbfpe for ev&ry pa~~mt. ft'om the obtiatn•d 

dllt·&. Thia st:rengthe.na th& l;i~pothesis ths·t purple flower 

eol~r ttf eon.trollt=ni by a,ompl.eil:ientar·1 fnctors wh:tc·h ar6l 

aaa:t>rted 1.n a di.som:lo ·:manner. 

The follewing geno·types e.f ' tf',.a parent plnnta. · 

wet>t hypothGcatGd:_ wh1te fiewe.r 2, tJc.eacaP1rPgP2P3P5; 

•hits " fl.ow~¥> · 5,, cce2e2i>·P~2?.2P3P3; wh1t·~ flow~r 4 ~. 

C002esPPP2PmP3P3 J 1'hite :flower 5, co:e:e·e2FPl>g P21'51_3; 

wni te £1,owet> 6, ooo2e2PPPiP2J'3p5 ;,_ wht te tlowel(I 8 , 

eetliegPPPgl?2P3P5J whit& flower 9 ,. OtH~.l?egPP~2;pap3p0 , 

white flower 10~ cee209PP~2P~F3P3t «md whit,e flower 121 

·C·002ea:PP~ 0~2P zP~ • 

. 
; , 

, ' 
~ .~ .. ...... ! ' ~~"-.. ~,.," 
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Figure 1.--The expected behavior of the F1 generations of vari ous white 
x white flowered alfalfa crosses under the complementary factor hypo-
thesis and the contrasting gen otypes of the parent plants. The letter 
W indicates that only white flowered plants would be obtained. Dashes 
indicate that obtained data were in agreement with the theoretical ex-
pectation. Underlined letters indicate that no data were obtained. 
The letter P indicates that purple flowered plants would be obtained. l'• 
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Figure 2.--The expected F2 segregations from selfed purple flowered F1 plants 
of various white x white flowered alfalfa crosses and the hypothetical 
genotypes of the parents. Dashes indicate that data fitting the calculated 
ratio of purples to white were obtained. The letter W indicates that only 
white F1 plants would be obtained and no F2 segregation would be expected. 
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