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FLO\A/ER COLOR INHERITANCE IN DIPLOID 

AND TETRAPLOID ALFALFA: 


A REEVALUATION 

By D. K. BARNES,' research. IlcneticiBt, Craps Rcsearch. Division, Agricultural 


Rescureh Service 


BACKGROUND 
For nearly 50 years geneticists 

and plant breeders have searched 
for gene markers in order to under­
stand alfalfa inheritance patterns. 
Flower color inheritance has been 
studied more intensively than any 
other qualitative character in al­
falfa. More tlu1n 20 scientific 
papers llave dealt with the subject. 
Hagem (!I30~2 and Moe (B8) 'were 
among the first workers to describe 
the variability in flower colors 
found in F 2 progenies from crosses 
between purple-flowered 111edicago 
sativa L. and yellow-flowered 111edi­
cago falcata L. The many patterns, 
hues, and intensities of purple, yel­
low, and variegated flowers (mix­
tures of purple and yenow pig­
ments produce numerous classes of 
greens and blues) have caused diffi­
culty in phenotypic classification of 
plant progenies. 

Hngem (BO) suggested tl1at two 
diSOIillC genes controlled purple 
flower color and one disomic gene 
controlled yellow flower color. The 
theory of disomic inheritance was 
also preferred by most later re­

searchers. Waldron (40), Koro­
hoda. (91), Burkart (8), Burton 
(9, 10), Lepper and Odland (9393), 
Armstrong and Gibson (4), Wei­
hing (.P), 'Vood (493), and Stor­
gau,rd (35)-an suggested that at 
least two and as many as four diso­
mic genes controlled flower color. 
The tendency to interpret genetic 
results in alfalfa on the basis of 
disomic inheritaIlce was not limited 
oilly to flower color genes; it in­
cluded all qualitative characters 
stuclied. 

Autotetraploid inheritance in al­
falfa was first proposed by 'l'ysdnl 
(37) and WhS later illustrated by 
Tysda], Kiesselbach, and 'Westover 
(38) from It reanalysis of data on 
leaf shape previously reported -by 
Korohoda (931). Ho,vever, a con­
clusive case for tetrasomic inherit­
ance in alfalfa ,,"as not presented 
until Stanford (393) described the 
inheritance of a gene controllhlg 
white flower color. Since that time 
Armstrong (3), Lesins (B3), and 
Stanford and Clement (34) have 
reported cases of cytological devia­

1 Acknowledgement Is made to W. M. Clement, Jr., Vanderbilt University, and 
R. L. Uooper, Uni\"ersity of Minnesota, for their contribution of unpublished data 
and for their comprehe,"~\ve review of this bulletill. 

• ItnIic numbers inparelltheses indicate references listed on pnge 24. 
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tions from a true autotetrllploid 
bella viol'. However, most of cyto­
logi('lll evidence reported by Arm­
strong (3), Gr-un (19), and Cleve­
lanel and Stanford (11) support the 
presence of autotetraploid.-like pair­
mg in tetra,ploicUI. sativ(t. Besides 
the cytological evidence for auto­
tetraploid behavior, most recent 
studies of qualitative genes have 
been illterI?reted on the basis of 
tetm::iomic ~nheritance, i.e., inherit­
ance of elongated hypocotyle, 
Davis (17) ; exposed stigma, Mar­
kus and 'Vilsie (J20); zebra leaf, 
Stanford (88) ; and root-knot nem­
atode resistance, Goplen and 
Stanford (18). 

Bemuse of the increasillg genetic 
and eytogeneLic eviclence for auto­
tetraploid l)('hador in cultivated 
aJi'alb, an data. lwailable on Ilo,\'er 
('0101' inheritttnce have b('ell brought 
together and the possibility 0'1' a 
tetrasom ic: interpretation has been 
considered. The obje('tives of this 
publication are to (1) report reeent. 
linclings on flower color inheritance, 
(2) consolidate all data on flower 
color inheritanee into a single 
source, (3) COmp!Lre theobvioussim­
ilarity of data among studies, (4) 

:::et forth a uniform system of gene 
clesignations for reseal'eh~rs to refer 
to, und (5) compare. the Interpreta­
tions of flower <'0]01' inheritance in 
tetraploid alfalfa with those from 
diploid alfalfa. 

The li1llitl~t,0ns and dHllcu.lties of 
interpreting tetrasomic segregations 
of cllu,mcters controlled bv two or 
more genes were discussed ~by Little 
(;25). Some clifiiculties that luwe 
often plagued research 'YOrkel'S 
stuclying flower color inheritance in 
tetmploid alfttUI1 have been: (1) 
the use of small populations, 'which 
is often necessitated by increased 
self-incompatibility after several 
genemtiolls of inbreeding; (z) the 
diffie-ulty in making definite pheno­
typic classification because of the 
eontinuous nature in expression of 
se\"eral flower color genotypes; and 
(3) the failure to grow critical Fa, 
F. or backcross generations, which 

" are often necessary to demonstrate 
tetrasomic inheritance. 'l'wamley 
(36), Buker and Davis (7), and 
Cooper and Elllott (18,14) tried to 
circumvent some of these difficulties 
by stuc1yi ng flower color inheritance 
on the diploid level rather than on 
the tetraploid level. 

FLOWER COLOR INHERITANCE IN DIPLOID ALfALFA 

Purpie Pigments 

Twamley (36), Buker and Dads 
(7), and Cooper and Elliott (1.3) 
all extracted anthocyanins from 
pUl"ll]e-flowerec1 c1iploid alfalfa. 
Twamle}' ancl Buker .and DaNis did 
not ident.ify tll0 speciJie anthocya­
nins isolated, Cooper identified 
three antllOeyanin pigments hom 
purple alfalftL flowers by means of 
paper e-hrolluLtography. The three 
anthocyt1Ilin pigmE'l1ts were identi­
fied as malvi<lin 3-5 c1iglucoside, 
petllnidin 3~5 diglucoside, and del­
phini(lin 3-5 digJucoiiic1e. Cooper 

obseryed tJlat in all crosses the three 
anthocyanin pigments were inher­
ited as a unit. If one pigment was 
present, all three were present; how­
eve r, the relati ve amounts sometimes 
\'ariecl. 

These results were in general 
agreement with similar studies of 
tetrapJ oid alfalfa. Lesins (lB4) 
identified the anthocYlmins as deriv­
flt i\"es of 1he three aglycones-del. 
phinidin, pctuniclin, and malvid.in. 
All of the anthocyanin pigments 
appeared to be i nlteritecl as a genetic 
unit with the possible exception of 
the independent segregation of the 

http:malvid.in
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malvidin derivative in one cross. 
In another study of tetraploid fa­
falia Davies (16) identified two of 
the anthocyanin aglycones as del­
phin.iclin and mnlvidin, but the third 
aglycone was identified as cyanidin 
Tather tl]~m petnnidln. 

Genetic ebta based on phenotypic 
classificntion of purple 1'S. non­
purple flowers reported by Buker 
and Davis (table 1) suggested that 
a single dominant gene (P) con­
trolled the presence of purple color. 
Genetic (btu. presented by Cooper 
indicated a simjlar pattern of in­
hedtance. The majority of Twam­
ley's data indicated segregation of 
a single gene controlling purple 
flower color (tabJe 1). But; Twam­
ley sepamted out three F2 families 
and one Fa family, which gave a 
better fit to a pattel'll of two com­
plementary genes than to a mono­
factorial segregation. The possibil­
ity of two genes controlling purple 
pigments cannot be totally dis­
counted. But the basis for separa­
tion of the four families is ques-

TABLE 1.-Segregations for purple 

tionable, especially since all four 
families ·were very small. Although 
it is true that the limited data fit a 
9:7 ratio better than a 3:1 ratio, 
none of the four families failed to 
fit a 3 :1 ratio. According to Mather 
(:27) , 95 plants (94.32) are necessary 
in order to distinguish between 3 :1 
and 9:7 ratios with a minimum cer­
tainty of 0.025. The published data 
tend to indicate that a single dom­
inant gene (P) controls purple 
flower color in diploid alfalfa. 

Yellow Pigments 

Twamley (36) found thattheyel­
low flower (,1)10r of M. jctlcata was 
due to two unrelated yellow pig~ 
ments. One pigment was insoluble 
jn water out soluble in acetone and 
petroleum ether. It was tentatively 
identified as the plastid pigment 
carotene. The other pigment, which 
was only extractable in hot water, 
was presumed to be one of the sap­
soluble anthoxanthin pigments. 
Cooper and Elliott (13,14) identi­

and nonZJ1lrz)le flower color in F2 
and backcross families of diploid alfalfa, and chi-sq'u.are tests for goodness 
ojfit (P) to genetic rating 

Author and generation I 
I 

I 
Buker and Davis (7): 

1~2___ _ I 
------------_ ... -, 

Cooper (14) : I,.F ___ _
2 --------------­onpurple_______Fl X nu rple _____ . ____ iFl X Prpl(L____Nonpll . -~ ~ ~' 

Twamh'Y (.:I0) :F • 
2

I?z 
F~ 

F~ 

F
3 

__ _ -- - .. ~ . .. -- ­-.. ... - ~ 

~ 

-- . ___ ~ I- .... ---_ ... 
~ 

-.. -- . , ___ _ ~ 

.. _ .... ~~_ .. ___ .. __ ~ ... t 

___ ~ 
-,..-~- ..... --~ ... ~ ... ­

i 

Number Obsen'cd ratio Author's 
of expected PI I 

I 
familit's ratio 

Purple \ xonpurPle\ 

7 :?42 I I S6 3:1 O. 627 

2 HI ! 3:3 3 I .340 
(l 50 44 J 1 .547 

101 1 0 - --- -- -­7 I5 0 I ;)-31! 0 1 --------
I,

12 229 I 79 3 1 .795 
1 5 I 4- 1 a 1 .184 
1 7 ·1 13 1 .403 
1 8 Il 13 1 .131 
1 I 4 :) ! 1 :3 1 .27U 
I 
I I 

1 Previously reported by author as fitting ():7 ratio. 
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fled the yellow carotene pigments as 
xanU.\ophyll esters, which are 
closely related derivatives of caro­
tene. Chroma'tographic studies by 
Bu.ker ancl.Davis ('l) indicated the 
presence o~'onr piglllenti'-two fat­
solubJe pigments with characteris­
tics similar to carotenoicls and two 
water-soluble pigments 'with char­
acteristics of flavones and fla vonols. 
Traces of yellow pigments "'ere also 
uncovered at four additional chro­
matographic 10cl1tiom,. 

Genetic data presented by Twam­
ley (table 2) suggested that three 
or more genes were very likely in­
volved in the production of yellow 
pigment. Only 1 of 342 diploid F2 
plants from crosses of purple and 
yellow Howered plants ,vas identical 
to the purple-flowered parent and 
contajnecl no trace of yellow pier­
ment. Although about one-fourth 
(85 plants) of the F2 population 
was yellow .flowered (table 2) none 

of the plants produced cream flow­
ers or were as deeply pigmented as 
the ill. faleata parent. 

Unpublished data by Barnes and 
Cleveland 3 <Yave additional support 
to the. hypotilesis that three or more 
genes controlled yellow flower color 
( table 2). All of the ]\ plants from 
a cream-flowered M. sativa plant 
crossed with an orange-yellow 
flowered ill. falcata plant were yel­
low flowered. Seven F2 families 
were produced. Three of the F2 
families failed to segregate for 
cream-flowered progenies, but a 
backcross to the cream-flowered 
parent produced cream-flowered 
plants in an approximate 15 yellow: 
1 cream ratio. The remaining four 
F 2 families segregated 63: 1 and 
backcrosses to the cream-flowered 

8 Barnes, D. K., and Cleveland, R. W., 
Dept. Agron., Pa. State Univ., University 
Park, Pa. Unpublisbed data. 1002. 

TABLE 2.-Segregations jor yellow and cream flower color in F2 and back­
cross jamiLies oj diploid alfalfa, and chi-square tests jor goodness oj fit 
(P) to genetic mtios 

------~~-------------------:----

; I 
Observed ratio Author's 

Author and , of :_____-,___ expected P 
gfwerntion ratio 

'I Number I 
i', families II I 

-------------------
l 

Barnes and Cleveland: I I
FI (cream X yellow) _________ j 
F2_--------------- _________ 1 
BC (FI X cfPllln) __ _ 
F 2___ ----------- -- _ -- __ - - --I
BC (Fl X crearn) ___________ : 

Buker and Davis (7): • I
F2 (purple X yellow} ________ 
FJ (yellow 0) _-- _-- -- -- -- __I 

Cooper and J!:lliott (14): 3
F3 (vnriegnted 0) ___________ 

Twamlev (86): 1 r 
Fa (purple X yeilow) ________ ; 

Yellow Cream 

1 
3 ~61 
1 
·1 
1 

7 
6 

1 

1 

2~1142 

72 I49 


41 


85 


01o! 
31
8. 

10 ! 
14 . 
18j 

2 I 
I 

o 1i 

1:0 1________ 
25~ : 1 

10:1 
63:1 
7:1 

I O. 5~6 
.400 
.088 
.152 

3:1 
3:1 

.066 

.729 

15:1 I 
' ' 

.674 

Unpublished data. Pa. State Univ., University Park, Pa.; data based on visual 
phenotypic classification. 

• Considered only F. plants witho'it purple pigments in flowers. 
2 Presence or absence of yellow pigments identified chemically in both purple-flowered 

and non purple.flowered plants. 

I 
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parent segregated approximately 
7:1. 

The ye110w flovver color data pre­
sented by Buker and Davis (table 
2) were interpreted by them as 
being controlled by a single gene. 
However, this interpretation shou1d 
be viewed with some. caution because 
although the majority of the fami­
lies gave good fits to [l, 3: 1 ratio, sev­
eral of the F~ and Fa families gave 
as good or better Jits to a 15 : 1 ratio. 
Cooper ana Elliott (14) did not reJy 
on visual observations of yellow 
flower color per se, as the other re­
sen.reh workers did; they chemically 
analyzed individual plants for the 
presence and absence of xantho­
phyll. The segregations they ob­
served (table 2) definitely estab­
lished the presence of at least two 
genes controlling xanthophyll pro­
duction. 

The data indicate that at least 
three and probably four genes with 
accumulated effects control yellow 
flower color in diploid alfalfa. Two 
of the four genes have been identi­
fied as controlling xanthophyll pro­
duction. It seems appropriate to 
assign the gene designations Y Xl, 

YX2, Ya, and Y 4 to the four loci con­
trolling yellow color. The Yx 
dC'signation refers to the two genes 
described by Cooper and Elliott 
(14) as controlling xanthophyll 
production. The other two genes 
can remain as Y until further 
studies demonstrate that they are 
additional xanthophyll genes or 
that they control some other pig­
ment, at which time a subscript let­
ter can be added. 

Basic Color Factor 

A white-flowered diploid alfalfa 
plant (S2128) was found by Dr. 
J. L. Bolton, Central Experimental 
Farm, Ottawa, Canada. '1'he 

phenot"ype was similar to the 0 
gene previously reported in tetra­
ploid alfalfa. The phenotypic ex­
pressions and inheritance pattern 
of the. 0 gene in tetraploid alfalfa 
are s',unmarlzed on pp. 8, 10-12· of 
this bulletin. Clement 4 reported 
that diploid plants which were ho­
mozygous recessive for the 0 gene 
were weak and had poor .fertility. 
Crosses between white-flowered 
plants and purple-flowered plants 
producecl purple-flowered Fl's. The 
F2 segregations were approximately 
3 purple to 1 white, and progenies 
from backcross!'-s to the white­
flowered parent segregated approxi­
mately 1 purple to 1 white. A 
deficiency of white-flowered plants 
,vas obsen-ed in aU crosses. Sub­
sequent data from crosses [( white X 
yellow, L1l. falcMa) X white] 
closely fit a ratio of 1 white to 1 
yellow. 

Clement 5 studied critical crosses 
in diploid alfalfa and concluded 
that the 0 gene is a basic color 
factor for both purple- and yellow­
flowered plants. The dominant 0 
allele lUld to be present for the pro­
duction of color. The homozygous 
recessive genotype masked the usual 
expression of the primary factors 
for purple and yellow. However, 
some pigment factors in M. falcata 
were aule to express themselves as a 
cream flower color. There ap­
peared to be at least two kinds of 
cream flower color: those O-ppyy, 
and those recessive for the basic 
color factor and the p locus, but 
dominant for one or more y factors. 
The phenotypic expression for each 

• Olement, W. M., Jr., Orops Res. Dlv., 
U.S. Agr. Res. Sen., Dept. Agron. and 
Plant Genet., Univ. ~1inn., St. Paul. Un­
published do tn. (Personal corn·spond· 
ence dated Sept. 23, 1964.) 

• See footnote 4. 
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of the different genotypes was as 
follows: 
Genotype· Phenotype 
O-p-y-____________ ,.______ variegated 
O-p-yy____________________. purple 
O-ppy-____________________• yellow
O-pPUU _____________________ cream 
ccP-1'-____ _________________ cream 
CCP-"11__ • ___. - _________ . _____ white 
ccPP1'-__ -________ ______,__ cream 
ccppyy_____________________ white 

·LOCl controlling yellow flower color of 
M. fulcata parent were not specifically 
indentified, so l' is used as genpral desig­
nation for uny of YXJ, 1'x" Y" and y~ 
genes. 

Modifying Pigments 

Little research has been con­
ducted on the nature and identifica­
tion of pigments other than the pri­
mary purple and yellow pibrments. 
Only Cooper and Elliott (13) have 
chemically identified any of the so­
called modifying pigments. In 
addition to the three previously 
described anthocyanin pigments, 
Cooper and Elliott isolated nine 
anthoxanthin pigments from varie·­
gated flowered aHulin.. Six of the 
anthoxanthins (de.<;ignated Ql, Q2, 
Qa, Ql, Qs, and Qo) were quercetin 
glycosicles, and three (Kl' K 2 , and 
Ka) were kaempferol glycosides. 
NOIle of the nine anthoxanthin pig­
ments impadeCl a phenotypically 
signifimllt color of its o,m, but they 
tended to act either as intensifiers 
or as modifiers when copiglhented 
with anthocyanin or xanthophyll. 
Only two of the nine anthoxanthin 
glycosides exhibited segregation in 
enough families to permit a genetic 
analysis. 

Kaempferol glycoside K1 was 
present in every plant examined; 
t.he other two kaem pfero]s, K2 and 
K 3, segregated in 3: 1 ratios. The 
inheritance of the production of 
kaem pferol glycoside K2 and Ka 'was 
shown to be controlled by two in­
dependent dominant genes. 

Quercetin glycoside Q1e was pres­
ent in yarious concentrations in 
nearly all plants (H3). All of the 
progeny from crosses among plants 
lacking quercetin glycoside Ql also 
lacked the same glycoside. There­
fore, Cooper suggested that the ab­
sence of quercetm glycoside Ql was 
controlled by one or more genes in 
the homozygous recessive condition. 
The concentration of quercetin gly­
cos;;t1e Ql appeared to influence the 
concentration of the other quercetin 
glycosides. ('(Joper suggested that 
tile simultaneous increases in inten­
Fity of all six quercetin glycosides 
indicated that an intenSIfier gene 
or genes was acting on the agly­
cone quercetin. Two possible hy­
potheses thRt he suggested for the 
inheritance of quercetin glycosides 
\\'e1'e: (1) two quantitative genes 
affecting the intensity of the agly­
cone quercetin, and segregating for 
various intensities in a ratio of 
1:4:6:4:1; and (2) a single domi­
nant gene controlling the produc­
tion of quercetin glycoside Ql and 
modified by anot.her single quantit.a­
tive factor segregating 1: 2: 1. 

Pink bud color was observed and 
described in floral buds of many 
white- and yello\v-flowered plants 
from advanced generation hybrids 
between diploid M. sativa and 
diploid M. falcata by both Cooper 
(1B) [md Twamley (36). Both re­
search workers hypothesized that 
the color was due to an anthocyanin 
pioment, but unfortunately no an­
al~ses were made to substantiate 
this. The pink color usually faded 
a,yay soon after the flowers opened. 
The-inheritance of the character was 
studied by Barnes and Cleyeland 
(5) . They foupd no M. falca~a 
plants with pmk buds. Thelr 

• Listed in Ph. D. thesis (12) as quer­
cetin glycoside A, but later referred to by 
Cooper and Elliott (13) as Q. 
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studies indicated that pink bud 
color required the presence of two 
dominant genes WIth complemen­
tary action. They concluded that 
one dominant gene, B8, Clune from 
~1f. 8a.tiva and t;he other dominant 
gene, Bf, came from ill. falcata.. 

Floral vein color is also another 
source of Hower pigmentation, be­
cause darkly pigmented veins are 
presell~ in many alfalia flowers. 
These \'eins extend from the throat 
of the flOWCl' toward the forward 
edge of the standard. Some plants 
have pigmented veins throughout 
tho standard petitl ; other plants are 
devoid of floral vein pigmentation. 
Floml vein color pigments have not; 
been chemictdly an:t1yzed. There­
fore, they could be the source of one 
or more o£ the modifying pigments 
which were isolated but wllose func­
tions were not speeifically identified 
by Buker and Davis (7) and Cooper 
(12), HtLrnes and Clm'eland (5) re­
ported that the presence of darkly 
pigmented veins in yellow-flowered 
diploid alfalfa was controUed by 
the presence of one or more domi­
nant alleles from either or both of 
two duplicate genes U'81 and. V8t ). 

Absence of vein color wus due to the 
homozygous recessive genotype of 
both genes. An association of wing 
petal vein pigmenUttion and stand­
anI petal pigmentation was ob­
selTed but was not studied. 

Joint Pigmentation 

F 1 progenies from crosses be­
tween purple-Howered AI. 8ativa 
and yellow-flowered i1f. falcata have 
variegated flowers. The buds and 
freshly opened .flowers llsuaJly con­
tain mote anthocyanins than do 
flowers several da,ys old. Accord­
ing to IJesins (g3), purple pigmen­
bLtion is in the epidermal layer of 
the flower, which in turn is over a 
background of yellow. This copig­
mentation usually gives the varie­

794-:17(}-00---2 

gated flowers from F1 progenies a 
green appearance, but as the antho­
cyanins decrease with age the Hower 
color fades to a dirty yellow. The 
various dosages of purple, yellow, 
und modifying pigments found in 
F2 and l?a progen.ies give additional 
patterns of v:triegated flower colors. 

Cooper and Elliott (14) chemi­
cany studied joint segregations in 
individual plunts for: (1) antho­
cyanin und kaempferol glycoside 
K:!, (2) anthocyanin [md kaemp­
fet'ol glyC"oside K a, (3) a~lthocyanin 
and xanthophyll, (4) xanthophyll 
tmd kaempferol glycoside K 2 , and 
(5) X1Ulthophyll and lmempferol 
K 3• All joint segregations indi­
cated independent; associations be­
tween the genes involved. 

BLlker :tllel D:n'is (7) phenotyp­
ieally classified F2 progenies from 
sevel'lLl crosses of M. 8ativa and M. 
/alcata into green, purple, yellow, 
and crealn Hower color classes. 
Data from six of the seven F .. fam­
ilies :tncl from the pooled cl~ta of 
all seven families fit [1, 9: 3: 3: 1 ra­
tio. A chi-square test for linkage 
was not significant for anyone in­
dividual family, but the pooled duta 
indicated that; the one purple gene 
[Llld the one :re]]ow gene they pro­
posed f(Jr controlling Bower color 
may be linked (39±3 units). Bu~ 
ker and Davis listed possible ex~ 
plana,tions for the inconsistency in 
the data. They suggested t;hat a,n 
ClTOt· in classifi.ca,tioll could throw 
genotypically green-flowered plants 
111tO the purple class, and jf this 
was accompanied by a misclassifica­
tion of cream as yellow, it would 
give the anJearance of linkage. A 
small number of rnisclassifications 
in each family could be responsible 
for the significant Linkage test in the 
pooled datu" Another J?ossibilit;y is 
that Buker uncI Davls ('7) and 
Cooper and Elliott (14) did not 
study the same yellow flower color 
genes. 
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The chemical investigation of in­
dividual plants enabled Cooper and 
Elliott (14) to obtain correlations 
between various combinations of 
pigments and modifiers with the 
phenotypic appearance 0 f the 
flower. According to Cooper and 
Elliott tho presence of one or more 
dominant alleles of the P gene gov­
erns anthocyanin synthe~.is and pro­
duces :t ligl1t blue to purple color in 
alfalfa flowers. Anthocyanin inten­
sity ranged from deep purple to 
ver}' dilute pur p 1 e to almost 
white flo we rs. The phenotypic 
variability in purple flower color 
was protmbly due to blending 
or ('opigmentrLtion effects of anthox­
anin:; and background effects of 
xanthophyll. Knempterol glyco­
sides produeed little or no color 
when present in white [Jowers, out 
had some efrect when present in 
joint piglllentation with anthocya­
nins. All plants with a maroon 
phenotype contained at least one 
fador for xanthophyll production, 
bllt none of these plants ('ontained 
both kapmpferol glycosic1es K2 amI 
1(3. In plants cont:uning no xantho­
phyll, :1 signifieantly greater Iltun­
bel' of reddish-blue f10wered plants 
wpre found in the [{}':3, k!,Kal and 
1c~7ca genotypes than in the KI{a 
genotype. However, there was some 
overbpping of phenotypes between 

these classes. The blueing effect was 
assumed to result from copigmenta­
tion of glycosides K2 and K3 with 
anthocyanins. 

Cooper (12) reported that it was 
difI:cult to ascertain the exact 
phenotypic efrects of the quercetin 
glycosides because of the epistatic 
('tfect of the yellow xanthophylls. 
Traces of yellow in some vheno­
types void of x!LIlthophyll indicated 
some phenotypic effect, but the ef­
fect was only evident when t.he con­
ecntmtion of quercetin glycosides 
was above {t certain level. 

Xanthophyll WfLS the most hn­
podant pigment; in determining 
yellow flower color. Xanthophyll 
wrts not present in cream flowers; 
converse1y, the intense or orange­
yellow flowers from ill. falcata con­
tained a high intensity of xitntho­
Vhyll pigments. Indications were 
that quercetin glycosides produced 
no phenotypic eirect only when low 
intensities of xanthopl1yll pigments 
Wel'e present. IIowe\'er, xantho­
phyll at. high intensities Illay mask 
the effect of the quercetin pigments. 

An inheritance clmrt for flower 
color in diploid alfalfa. was pre­
pared by Cooper :md Elliott (14)' 
Because the. chart is essential for 
understanding the inheritance of 
the many flo"wer color patterns, it is 
presented in figure 1. 

FLOWER COLOR INHERITANCE IN TETRAPLOID ALFALFA 

Inheritance of white flower color 

has undoubtedly cam;ed more prob­
lems in genetic interpretations than 
any othpr single charader in tetra­
ploid a1:i'aHa. This has been due to 
the presence of two genotypically 
different types of white flowers. 
These. two types can be designated 
as white and cream flower color. 

White vs. Purple Flower Color 
,VllJdron (39) reported that in 

1914 he recei\'ecl a sma]] quantity of 

"albino seed:' The seed Wit" pro­
duced on lL plant, with "purc. white 
flowers, which lacked c\-en the vio­
let veining in the petals of the young 
flowers usually found on so-called 
"white-flowered alftLJfa." The seed 
itself also Jaeked the pigment of 
n01'm(\.1 a1ftLl:fa seed, Seed from 
self-pollinated plants bred true for 
the albino flower-seeel character. 
Open-pollinated seeds from the 
white-flowered plant produced all 
purp]e-flowered Fl plants; this in­

http:synthe~.is
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FIGURE I.-Genetic hypothesis for flower color inheritance in diploid 
alfalfa.* (Source: By permission Oooper and Elliott (14). 

Genotype I Phenotype 

YxYx, YxYx P K2 Ka variegated (dark purple) 

I p K2 Ka orange yellow 

YxYx, Yxyx P K2 Ka variegated (purple) 

I p K2 Ka bright yellow 

_Y:_X_Y:_x..,_.!!.11--'Xyx"--___P_---;_K...:2_-,--..:..K-'a~ variegated (purple) 

I I k, variegated (purple to m.,.oon) 

k2 K3U-= variegated (purple to maroon) 

variegated (maroon) 

p K2 K3 yellow 

Yxyx, lIX?JX P K2 Ka purple 

~ purple to maroon 
k2 Ka_ purple to maroon 

I ka maroon 

p K2 Ka light yellow 

yXljX, yXljX P Kz Ka blue 

~ blue to reddish blue 

k2 Ka blue to reddish blue I 
I ka reddish blue 

p K2 Ka white (cream) 

y",=tactors tor xanthophyll production and Intensity. P=factor for anthocyanin production.
K.=factor for kaempterol glycoside K. production. K.=factor for kaempterol glycoside K. 
production.

"This Inheritance chart hns been used to show the Interaction of the various color factors In 
altnlfa flowers llnd th\l relationship between genotype and phenotype. ~o determine the 
genotype of any given phenotype start at the name nnd tallow the line to the left nnd upward
until nIl genes nre accounted tor. Tile lDultiple parallel lines Indicate no phenotypic elrect of 
the underlined genes. 
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dic!~ted that It l1ltrul'll1 cross had oc­
curred with ordinary pur ple­
flowen'd aHal fa. 'rho F 2 progeny 
segreglLted Jor pm'ple-flowered 
plnnts ltlld white-flowered plants, 

Most resear(,h wodcel's who have 
used wh ite-!lowercd ptLl'cnts in 
tetraploid flower color studies have 
f!tiled to distinguish between ·whit('­
and (T~':lIn-lIowered plfLlltS. How­
(wcr, tJn'ough <~u.reflllinspection of 
tile <talft, it. usually hu.s been pos­
sible to eShtbJish whieh type or 
flower ('olol' witS uscfl i II each study. 
The ftlctor(s) contl'Olling white 
floweJ' color elln lJe generally de­
scribed m; ('piSbttic to the P (Tene 
which is resi)ollsible fot' ant:h~cy!t: 
nino pro<lllC'(:iol1 in thn flowet's. The 
aetioll of the eolor-('olld!tiollin~ fac­
tor blocks not on Iy the fOl'lnation of 
purple flowet' ('oiot' pigments, but 
ttlso the nOl'mal anthoc.yn,nin pl'O­
dllf'tion in the seec1coat and vegeta­
thre stems. Clement 7 reported that 
Iho ttnthocY:lI1ins pl'oc1ueed by the 
Rrl gene, whieh eontl'ols recll'oot.~ in 
aHal fn, are also ldJ'('eted. Burkn,rt 
(8), Coyas and Fel'l1andez (15), 
[Lnd StltnfOl'd (3;8) l'epol'tec1 that 
white-flowerccl plants had gl'eell 
hypocoLyis in the seedling stage, 
whet'eas somo anthocyanin pigments 
wero found in tho hypocotyls of 
purplc-f1owel'('d plants, Tho white 
flower factor c1r,seribcd by vValdron 
(SlJ) ·was apparently present ill 
some of the p!LrentrLl matel'ial used 
in studies by Bllrktu't (8), Lepper 
fwd Odland (12~), Sta1lford (3;'3), 
fitorgaard (35), rrwamley (30), 
Weill iJlg (41), Ilnd vVood (412). 

All of flw early rl'seareh workers 
(8, !e2, 39) interpreted the inherit­
ance of white flower color as lJeing 
contr'olleel by two OL' more disomic 
g('1 I1'.<;. ] [owevcr, Stanford (373) 

1 ClpllIPnt, 1Y. M., ,rr., Crops Res. Dlv., 
U.S. Ag/·. He.\!. SprY. lind Dept. Agron. lind 
Plllnt Gf,'III't., Unlv. :\Ilnn" Fit. PlIUI. nll­
Ilubllllh('u <Ill til. (Perllolllll (,MrC!s110mt­
NH'C dutpd Dec('llIbcr 14, 1002,) 

grew tho criUenl gellorntions neces­
sary to dill'erentiate lJetWCIl di­
som ie and tetrttSOlllie inheritance 
lWeI established thaI; a faetor: con­
trolling ptll'ple vs. white flower color 
in al.falfa was inherited ill !t tetrll­
sOlllie manlier. Stanford indicated 
that he had heen studying It factor 
for purple Hower tolor, but it. was 
llloro precisely the BLuely of It busi(' 
color fador. Besic1t's the, study by 
SULnford, only Twamley (30) in­
terpreted the, inhe,ritttntl.l of white 
flower color 011 a tetmsomi(~ basis. 
The F2 da.ta, ft'om studies by 
VVllidron (3tJ) and Lepper und 
Odland (~Z) fit n. disomic sellomo of 
inherita.nce better thltn the tetra­
sOnli(~ st'hemes, Howe,ver, J~pper 
and Odland's dat:t l'epreseni'ecl com­
bined progenies from eigh(;difrerent 
crosses :Lnd no assurance was given 
Hmt all crosses r(\pt'esenled the, same 
genotypes. The results from the 
study by Burkart (8) fit either 
disornic or tetrasomic inheritance, 
.:\. summat'y of the results from 
paperB presenting data. on crosseS 
lwtween purple-flowered pJa.nU; and 
plants homozygous for white {lower 
eolor aro pt'esentecl in table 3. 
1Vhen interpt'eting ma.ny of these 
studies, it should be rernembet'ed 
thltt the cl'itical l!'a, F.l , and back­
cross generations that were needed 
to positively cWrerentiate between 
c1isomic a.nd tetrasomic inheritance 
wem not grown. 

After considering the evidence 
for ~tra~omic inherit;a!lCe ,Presented 
by Sta.nJord (3;8) lwd 1Il VlCW of the 
Jack of concrete evidence for disomic 
in!leritfl:nce from advanced gener­
utIOns, It appears reasonable to ItS­
Sllmn that tel'rasomic inherit.ance is 
the normal inllPritance pattel'l1 for 
tho basic color factortJmt produces 
wh ito (JOWCt' (:0101'. St.n ntord (391) 
diel not specifically assign a lotter 
designalion to the gene, bllt he used 
tlw symbol 0 in It tnbln de..c;cribing 
expected tetra.som ic segregations. 



~ 
oTABLE ~1.-Segrega.tion8 for purple and while flower color in tetraploid alfalfa from, cr088es among white-jlowercd, <1and purple-jlowered plants, and cki-8QtWre tesl.s for goodnes8 offit (P) to both d'isomic and ietra.som,ic ?'alio8 l'j 
~ 

Expected tetrasomic ratio 1Observed ratio o 
o 

Sum­ Expected t" 
di~Olllic P Ilandom Ilaudom o 

Author and generation bel' of ::tl 
families Purple I White I rutin chro­ l' chro­ P 

mutid mosome 

~ 
::tl 

Burkart (8):
FI (purple X white) ______________ -------- All ~ 1- ----63 ~ i -1- -5:806-1- --20.-8 ~ i-,--o:044-1--- --35~i -1- --5:~67 

::3 
:!23 ~ p--- ----.- - - - ----- - - - -.- - - - - - - --- - ------- oBC (1~1 X white) ________________ ------.- 12 2 7:1.848 3.7:1 .530 5:1 .817 

t':I 
Lepper nnd Odlnnd (22): 

]<'1 (purple X white)______________ 8 All o 1__________ 1__ ------1------ ___ -1--- -- ---.----- - - - --,-------- ZF _______________________________ S 411 :W 15:1 .773 20.8:1 .049 35:1 .001 
2 ~ 

I 
....Stanford (32): "tl 

FI (white X purple)______________ ~ 2i~ 6g 1------3~i- ---.-437- ----2:5~i- ---.-041-',----------'-------- t'"B:l I .437 o.... 
~ 

.1'2 _______________________________ 1 5 302 15 15:1 .270 20.8:1 .900 35:1 1= .040v 1 
35:1 .7004 422 11 68:1 \ .101 20.8:1 .047 ~ 

~ 
26 1__________ 1_______ _ 20.8:1 .152 35:1 .257

Combined data---------------i 9 I ... '% 1 ~v I---------T-------, -.... -, . --- ,= 
8 
::tl 

7':" 

1:0 1-------- ~ 

35:1 ________ ~ 
t'"F3 2 __ o3:1 1________ .... 

0:1 ________ ~ 

Wnldron (39):
PI (wh~te 181)---- _________________1_______ _ "'.lo All 1_ ---------1--------1--- --- ----1-- ------1------- -- -1---- ---- ~ 

o __________________ ---------- -------- ---------- --------FI (whlte X purple)_______________ 1 All ~ F ____________ __ __ ___ __ ___ __ __ ___ 1 20 '63.1 .051 20.8:1 .000 35:1 .0011,943
2 ~ 

Fit of F3 fnmilies to a tetrasomic pattern of inheritance, expected
I Expected ratios calculated on the basis of segregation limits 

segregation (calculated with double reduction=0.144) =0.8 (1:0): .....presented by Allard (1). 
10.8 (35:1): 22.1 (3:1): 12.3 (0.1), X 2=1.601, P=0.562. .....

2 Progenies from F2 family segregating 3:1, self-pollinated. 
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Lepper and Odland (gg), Weihing 
(4-1), and Wood (42) -all used c to 
designa,te a factor for the produc­
tion of color; Twamley (36) used a 
to describe white flower color; and 
Oldemeyer (929) used a to describe 
one of the factors he proposed for 
controlling white seed color. Since 
aU of these papers have dealt with 
effects of what is apparently the 
same gene, it seems appropriate to 
maintain tile gene symbol a as the 
designation for the basic color gene 
control1ing white flower color. 
Available evidence indicates that 
white flower color is expressed by 
the homozygous recessive genotype 
of the a gene (aaaa). The presence 
of one or more doses of the domi­
nant aUele (0- - -) permits the ex­
pression of anthocyanins. 

Cream vs. Purple Flower Color 

Cream-colored fhwers usually 
have pigmented floral veins and 
appear practica.]]y white, but when 
they are compared directly with 
truly white flowers t.hey will have 
a slight ivory or ofI-white hue. 
Plants with crenm-colored flowers 
have soIne anthocyanins in the stems 
and have yanow or tan seeds. It is 
therefore possible to differentiate 
between cream-flowered and white­
flowered plants. 

Research on the inheritance of 
cream \'8. purple flower color has 
been reported by Armstrong and 
Gibson (4-), Barnes and C]e\Teland,8 
Soudah (31), Storgaard (35), l"lncl 
Weihing (41). The data from these 
studies lulve been summarized in 
table 4. Data from some of the F2 
famjljes presented by Armstrong 
and Gibson fit either a tetrasomic 
or disomic pattern of inheritance, 
but this work should be interpreted 

8 Barnes, D. K., and Cleveland, R. W., 
DI'Pt. Agron., Pa. State Univ.. University 
Park, Pa. Unpublished data. 1962. 

cautiously because it' deals with ­
crosses between M. media Pers. and 
iV. gl1ttinosa Bieb. At the present 
time, little is known about the ge­
netics of M. glutinosa and its rela­
tion to M. sativa. 

F 2 and backcross dl"lta presented 
in the study by WeHling (41) fit 
either a disomic or tetrasomic pat­
tern of inheritn,nce. If the tetra­
somic model is used, the data from 
aU six F 2 families can be pooled and 
the data from both backcross fami­
lies consolidated because all of the 
F 1 plants appeared to have the same 
genotype. If the disomic model is 
used, the F 1 plants need to be sepa­
rated into two genotypes. The re­
sults of this study are inconclusive 
because the Fa generation was not 
grown. 

Almodovar (2) conducted a quan­
titative study of cream vs. purple 
flower color, but drew only general 
conclusions from it because of small 
population sizes. Soudah (31) 
used parental materia,} obtained 
from .A.1m6dovar and studied in 
some"what greater detail the inherit­
ance patterns of cream vs. purple 
flower color. Sondah observed the 
segregation from crosses among 
plants that were nulliplex, simplex, 
and duplex for the gene controlling 
purple flower color. TIle evidence 
obtained from these crosses (table 
4) did not fit expectnddisomic 
segregations, but it did fit a tetra­
somic pattern of inheritance. Sou­
dah also presented data on the 
relation of plant genotypes and 
flower color intensity. He pro­
posed the idea.. that the efIects of 
the gene controllulg purple flower 
('0101' were accumulative and could 
be used as criteria for pheno­
typic classification of various geno­
types (i.e., nulliplex = cream, sim­
plex=light purple, duplex=purple, 
triplex= deep purple, and quadri­
plex=very deep purple). The data 
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as 1?resentecl suggested this interpre­
tatlOn, but no progeny tests were 
grown to verify or disprove the 
theory. 

The F ~ and bt1ckcross data pre­
sented from the study by Ba.rnes 
and Clevelul7.do fit either a disomic 
or tetrasomic pattern of inheritance 
much the same as did the data by 
Weihing (4.1). However, Fa segre­
gations gave conclusive evidence 
that cream flower color was due to 
the homozygous recessive condition 
of a tetrasomically inherited domi­
nant gene. It was asceltained that 
cream vs. purple flower color was 
studie5i without the presence of the 
recessl\Te aUele of "he 0 gene. This 
was ~hecked by crossin~ the true­
breecling cream parent WIth a white­
flowered plant of the same genotype 
used by Stanford (318). All Fl 
pla.~ts were purple flowered; tIlls 
lI?-dlCated that the cream p:1.rent car­
rIed aUeast three doses of the domi­
nant alJele of the 0 gene. The 
presence of the dominant 0 aUele in 
the F 1 plants allowed expression of 
the allele for anthocyanin procluc­
tion that was carried in the white­
flowered pn.rent. 

'When considered in total, all 
availn.ble evidence indicates cream 
flower color is due to the homozy­
gous recessive condition of 11 s1n0'1e 
gene. This gene is inherited in '" a 
tetrasomic mRlmer and produces 
purple fl01Yer color 'when one or 
more doses of the dominant l111ele 
are present. The most appropriate 
gene c1esigIllLtion for this character 
wouJd be P. TheP symbol was.first 
used by Lepper and Odland (1293) to 
designate a gene controJling pmple 
flower color. Since that tilDe P has 
been used by most workers when 
referring to purple flower color in­

• Bn.rnes, D. K., nnd Clevelnnd, R. 'V., 
Dept. ,Agron., Pn. State UniY., Univl'l'sity 
Park, l'n. Unpublished datn. 1002. 

heritance. Cream and purple flower 
~olors can be expressed genotyp­
lcaUy as cream=O- - -pppp and 
purple=0- - -P- - -. 

Cream vs. White Flower Color 

.The c~'it~l'ia for phenotypically 
diiferentlatmg cream-flowered and 
white-flowered plants were de­
scribed on pages 10 and 12. The 
sI?~ll and often subtle phenotypic 
chiferences between cren,m and white 
flowers were not always recognized. 
Nevertheless, from genetic eVIdence, 
some research workers became 
aware.of the presence of at least two 
genotypically different types of 
white-flowered plants. Rislus (30), 
Storgaard (35) , Twamley (36) 
,Veihing (4.1) ,and Wood (4.18) all 
presented data demonstrating that 
crosses betweelt cream- and white­
flowered plants sometimes produced 
purple-fio'overed F1 progeny (table 
5). All workers except Risius and 
'I'wamJey interpreted the various 
segregations for purple vs. white 
flower color on the basis of disomic 
inheritance. Since conclusive evi­
dence was presented in tables 3 and 
4: for tetrasomic inheritance of the 0 
and P genes, and since several of the 
proposed models for disomic in­
heritance were very complex, only 
expecte<l ratios for tetrasomic in­
heritance are presentecl in tltble 5. 
~Iowe:,er, ~ev~ral :rroposed models 
for chsomlC lllherltnnC8 are dis­
cussed below. 

Weihing (4.1) suggested that a 
color factor 00 was present, "\yhich 
was complemen.tary to purple. 
Purple flower color was expressed 
only in the presence of one or more 
doses of the dominant 0 allele and 
one or more doses of the allele for 
purple. 1Vood (418), continuing the 
studies begun by "'IVeilling, produced 
ttn F ~ generation and suggested a 
disomic hypothesis similar to 
"'IVeihing's based on the idea that 

http:aware.of
http:Clevelul7.do
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'rADLE 4.-Segregations for Jlurple and cream flower color in tet1'al)loid alfalfa, and chi-square tests jor goodness oj 

~ 

fit (P) to both disomicand tetrasomic mtios i?5 

Observed ratio Expeeted tetrasomic ratio I 
Number, I Expected 


Author and generation of fami- disomic p 
 IRandomratio Random p pli~ PU'P1', C"",m chromo.
chromatid Bome ~ Armstrong and Gibson (.~): 

PI fPurPle @)------------------I 1 90 0P, cream @)l_______________________ .__ 0 All ~ 
FI P X P )____ .______________ 1 All 0 _________________ • ____ • ______ • _____ • _____________ • _____ _ 

j I ~ 
o 

1·',___________________ ---------1 - 21 23U 9 15:1.096 20.8:1 .479 35:1 .430 ... 
5 365 102 3:1 0.121 2.5:1 0.001 3:1 0.121 

( c.> 
a 702 5 63:1 .071 20.8:1 .000 a5:1 .001 t,). 

Combined datll __ - ____ . _ - __ 8 I=- \l411=_1.~.::-•. --:~----------.- 20.8:1 .•0001' 35:1 _ .ol·~ 
c.> 

c:i 
enDarnes aJld Ch~\'elnnd: 3 

Pdcreutn ®) ______ "' .... ___ _ 14 1____________ 1________ 1 ... _________ 1________ 1_____ ... ____ ,_ ... ___ ... _I"'"1 0 t:1
P 4 (purple ®J-.- .•.-.- 1 34 o t<:l
FI (1'3 X p.) ___ . _____ -- ____ _ 1 50 o -- .... _". -- -------- ------- ... -- -------- ----_ ..... -- ... -"""----­--~-1"2 ______________ ._ •. _____ . ~ 7 1,000 23 63 1 . 081 20. 8: 1 . 000 35 1 . 305 
DC CFI X eream) _____ . ___ ._ .. _ l 10 3 7 1 .675 3.7:1 .575 5 1 .921 o1 0 ________ 1:0 ________ 1 0 _______ _nc (F,X p",plo) _______ ~:( 1 30 o "'J 

o 1 ________ 0:1 ________ 0 1 _______ _2 0 :H g;F,i_______________ . _ ""_ 13 274 85 a 1 . 578 2. 5: 1 . 04.5 3 1 . 578 
23 837 :30 15:1-l-6a l ________ 20.8:1 .518 a5 1 .016 ::.l 

] 0 ________ 783:1 ________ 1 0 ________17 5:31 o ""o 
Saudah (31): ~ 

P6 (crenm @) _________________ _ 1 0 !) o 1 o 1 ------- ... -- ... ---- -- -------- ~ 
I'd (purple ®) _______ • '. __ '" _ _ __ _ 1 13 1 15 1 .897 2.5 1 .080 3 1 .131 c:
1'; (purple @) ______________ ._ 1 55 4 15 1 .875 20.8 1 · 4an 35 1 . 005 ~ 
1~1 (1'5 X 1'0)---- ______________ _ 4. 52 3n 3 1 .001 0.87 1 • 047 1 1 .180Fl CPs X 1'7).- ______ .• ________ _ ,1 ali 25 3 1 . 003 3. 7 1 .158 5 1 .001FI (Po X 1'7)--________________ _ 4 122 20 15 1 .001 7. 7 1 · 343 11 1 . 014 



___________ 

------------ --------

Stor~aard (S5): e 
's (erenln 0) -- ---------~------ 3 0 281'9 (~urph~ 0} • ______ 1 165 1 

-l PI ('s X }'pL_-- ______________ 2 O·~ 8; 	 " Weihillg ( ..P):
}\\ (purple X cream) ____________ 1 All 0 

3 219 16F 2- __ - - -- --- -- - --- - -- --- - - -- --I 13G (F X cream) _______________ 22I 	 1 5 
3 197 3r ]~----------------------------BO (F X cream} _______________ 

to 1 	 1 44 7 

Fe combined datu ___ • - - - - -- 0 416 19 
]3 .:, combined data_________ 2 66 12 

I Expected ratios calculnted on the basis of segregation limits 
presl'nted by Allard (I). 

Z Orollm parent. = ltfedicago gllltinosa. 
3 Unpublished duta, I'a. State Univ., University Park, I'll. 
I Fit of F3 families to a model of tetrasomic, rundom chromo­

some inheritance, expected srgrl'gation=1.5 (0:]): 12.2 (3:]): 
27.5 (85:1): 13.8 (1:0), 	X'=1.697, 1'=0.642. 

Pit of Fa families to a model of 3 genes with disomic inherit­
~ 

o 1 -------­
03 1 .324 

7 1 .71.10 

------------ -_ ...... -"..-­

15: 1 .729 
:J: 1 .452 

6:J:l .9,15 
7:1 .793 

----------­ -------­... 

o 1 
20.8 1 
3.7 	1 

-------- .. ­

20.8:1 
3.7:1 

20.8:1 
3.7:1 

20.8:1 
3.7:1 

----" 

respectively. 	 " 
6 Author lists erenln plant,s as olones 8(8), 207(10) Ilnd 

purple plllnt as olone 0-104. 

UIlCC, l'xpected sl'gregution=0.9 (0:1): 5.2 (3:1): 17.2 (15:1+ g 
63:1): 31.7 (1:0), X2=21.817, P=O.OOO. 

~ 1\ rl'pn'sents combined datu from 2 cream-flowered plants· z 
1'6 und 1'7 caeh represent combined data from 2 purple-flowered 
plants. Author's proposcd genotypes nre 1)lIPlI, PP1)]), une! P I'p]>, ~ 

77(3), S 

I 
~ 
~ 

~ 
.... 
~ 

... ------­
.015 

o 1 
35 1 

-------­
.091 ~.0·12 5 1 .227 

! ~ 

-------'- ---------- -------­ (") 

.105 

.732 

.040 

.191 

35:i 
5:1 

35:1 
5:1 

.835 

.205 
35:1 
5: 1 

,000 ~ 
.796 ~ 

.276 

.589 ~ 

.045 ~ 

.767 8 
~ 



----------
---------- ----------

----------

s 

I 
~ 
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TABLE 5.-Segregations jor purple and jor white and cream flower color in tetraploid alfalfa jrom crosses among 

white-fiowered and cream-flowered plants, and chi-square tests jor goodness oj fit (P) to genetic mtios 1 ~ 
... 
Co> 

Number Observed ratio Expected tetrasomic ratio 2 en 
w 

Author and generation Assumed of 
genotype families White Random Random el 

Purple and ehromatid P chromo­ p rn 
eream some 

~ 
Risius (30): a ~ 

PI (white ®) ___________ ccccPpp-_________ __________ 0 All 
P (cream ®) __________ CCC-pppp_________ __________ 0 All o 

2 I:tj 
FI (PI X P2)----------- --------------____ __________ All 0F,_____________________ __________________ 9 3,890 2LO ---1ii:2 i+ - -,- -- -- - --- -,- --- --- --­0.001 17.3:1 0.225 l.;BC (PI X FI)__________ __________________ 10 2,462 465 3.7 1 .001 5:1 .264 l:aBC (P, X F ) ___·_______ __________________ 10 3,041 490 

I 3.7 1 .001 5:1 .001 ~ 
Storgaard (35):'

P (white ®) ___________ ccccPpp-_________ _____________________________ _ o 1 __________ 
3 o 1

P, (eream ®) __________ Ccccpppp_________ __________ 0 19 o 1 o 1 ~ 
P (eream ®) __________ CCccpppp________ __________ 0 93 o 1 o 1FI (P X P,)___________ __________________ __________ 3 4 ---------- ---------- ~ 

a 0.87 1 .854 ] 1 .707
FI (Pa X P4)----------- _______ ~__________ __________ 8 0 3. 7 1 .151 5 1 .207FI (P, X P ) - __ - _______ ____________ ___ ___ ______ ____ 0 23 o 1 __ .________a o 1 



TWlllllle~ (86): t:31'6 cream 0).. __ '" . CCC"1/1/PP 2 0 	 o 1 o 1 ----- ... - ... _-All I 	 o---------~]>7 while 0) ___ . • .. (·(,(·cppp· •. :l 	 All o 1 o 10 	 --- ... --- ... -... ------,.. .. --
Fl (1'6 X P7) ••••• 	 :l All 0 ] 0 ------- ..... "" ] 0 ..... -.------- ~ 
]t':! _______ .. ___ .. _ . 	 ~:1 ·10.''i 22 10.2 1 .001 17.3 1 .781 

.)Be (li'l x I,,) •.. ........ -- .. __ ...... -... 
- 1 

2(l(i 34 3.7 I . (JOl 5 1 .2nO a 
\rdhing (4 t): ~ g

1'8 (cl'ram 0). _. ('('('·]lPP1I- •. (\ I 0 All O:J ....... _.. - ...... _- ... 0: 1 ... --------- o 
Po (while 0). ••..• ('c('('-Pl'pp. 2 () All 0: 1 -------_ ..... 0: J ---------- ::0 
]~l (1'9 X Pi)..-- •. , .. ... --- ... ----, 5 i:2 J4 3.7:1 .263 5:1 • \J2il ~ Wood (42): 	

-~ 

r.. <) illS 51 10.2: 1 .242 17.3: 1 .015 ~ ''-'2 0 .. " ... 	 ­·-to __ ._ 	 10 I, nO·1 816 2. J :1 .012 2.7:1 .001 ::0 

------~-.-....---~---.---,,~..-"'----~ ~ 
1 Pal'ental genotypes and Cxp(lctrd ratios cllleulatNI by rpl'i('I\'('f 6 Tut.rl'prl'teri from originnl dllta t.hnt parental clolles 2, 3, 8, 9, Z 

on basis of inllC'ritancc patterns indicatcd foJ' (' IInrl P grl1('R in 10, lind 12 (Iistl'c\ in table liS P8) were crcam and probably all of g 
tahlrs 3 and 4, rrsprcth·ply. IIIl' C(,C-71J1PP gpnotype. Both pnrelltal clones ,\ lind (i (listed H 

2 Expec\rcl ratios calculated on lllll'is of s(lgrrglllion Iimils pre­ in tllhle as 1'u) nppearec\ to be CCCCPP7Jp. ~ 
srnt<,d by Allllrd (1). 6 Assuming genotype of pnrents CCC-7J717>1J X ccrcPPpp, I:hen 

3 Original clone designations .1 lind N nssignl'(1 P unci 1'2 by F2 fllmilies from pUl'plo-fiowerrd Fl plllnts should sep;rl'gllte for .... tl 

revicwer. rtlndom chromosolllc·totrnsomic inhrritunce in Ii l'Iliio of 1 "d 
t' 

40riginnl clonn nUlllbrrs i7(3), 8(0), nnd combinNI dllt,1I from (17. a:J): ,1 (2.7:1) . .\'2=0.000, 1'=1. 000. 8 
clones 8(8) lind 207(10) assigner! 1'3, P l, nnd J\ designntions hy tl 
reviewer for brevity and clnri!.y. 

~ 
tl 
1-3 

~ 
~ 
8 
.~ 

~ 
~ 

"'" 
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flower color was conir{)lled by two 
sets of duplicate genes (01C1, 0 202, 

and P1 Pl, P2P2, PaPa). A detailed 
study of the data from the combined 
studies of ,\'000 and 1Yeihillg indi­
cated that eight parental clones ap­
peared to represent only two di1Ter­
ent genotypes and that they fit a 
tetrasomic pattern of inheritance 
better than the pre\riously proposed 
model of fi ve disomic genes. I1'or 
this reason, the data from seveml 
families with similar renotypes 
were pooled. The consolidated 
dattL (table i» glwe [l, good fit to the 
propos~~d model for tetrasomic in­
het·itance. It should be pointed out 
that, [\.(,cording to the probability 
values for the .F2 datlL presented by 
, rood (42), nei ther fami1 y gave 
close fits to the expected segrega­
ti()lls :f'or tetl'ltsomic inheritallce. 
However, the tlctuall'lltios of purple 
to white were 1~.1:1 and 2.3 :1, 
which are near the midpoint be­
tween random chromosome and 
r:tllllol1l ('hroma tid segre.gat ions. 
E \'ell though tit" to both extr('mes 
are poor, both Jamilies :fall within 
the expected lil1l its of tetrasomic 
segregations :for two indepeuclent 
10<.'1. 

Ilisius (,'30) and Twamley (36) 
presented 1<'2 llnd backcross data 
from crosses between cream- and 
white-flowereel p]ants. ...\.11 o:f their 
data pre.sellted in table [) could be 
exphuned on the basis o:f two tetra­
somic genes, exeept for one back­
cross family from the study by 
Risius. However, those backcross 
data represented a total of 10 fam­
ilies, 7 of which g[we satisfactory 
fits to the expected tetrasomic ratios. 
Even t.hough it is only acaclemic anel 
woulcl not alter the expectecl segre­
gations or jnterpretations of the 
elata, it should be pointed out that 
the parental genotypes as presented 
by Twamley should be reversed if 
they are to be in agreement with the 
findings of other workers [md the 

pattern of inheritance previously 
described in this re\Tiew for the 0 
and P genes. Plants with whit~ 
seed should be of the ccocP- - ­
type instead of 0- - -pppp. 

Eor several unavoidable reasons, 
,'ery small populations were used in 
a study by ~torgaard (35). Never­
theless, the data indicate the same 
pattern of inheritance as the other 
studies. The expected segregation 
patterns for two sets of disomically 
mherited genes (as suggested by 
,Veihing, 'Vood, and later 8tor­
gaard) and the expected segregation 
patterns for two ::ndependently in­
herited tetrasomic genl'S are similar 
in mllny respects. However, the 
two types of F2 segregations ob­
tained from the stmly by 'Voods and 
the backcross data reported by 
Twamley only support thf) hypoth­
esis of two tetrasomic genes «(J and 
J» proposed by TW:lmley as weU as 
by Hisius anu previously described 
in this re\'iew. 

'Vhen discussing the gene action 
between the two types of white­
Howered plants most research work­
ers 11a\'e referred to the purple color 
as being conditioned by two comple­
mentary genes. In all cases this as­
sumption has been based on da.ta for 
two color classes-purple vs. white. 
Howe\'er, the two t.ypes of white­
flowered plants can be phenotyp­
ically differentiated as white and 
cream. Differentiation behyeen the 
two white-flo,,'er types would 
change the expected disomic ratios 
from 9 purple: ~ white to 9 purple: 
!~ cream: 4: whIte. The expected 
ratios for tetrasomic random 
chromosome inheritance similarly 
would be changed from 1,225 pur­
ple:71 white to 1,225 purple:35 
eream: 36 white. 

Yellow vs. Purple Flower Color 

Many earlier alfalfa studies de:tlt 
with crosses between purple­
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flowered lIf. sativa and yellow­
flowered lIf. falcata. Observations 
of flower color segregations were 
often reported. Hagem (;80), Ko­
rohoc1a (;81), Moe (;88), and 'lral­
dron (II) described F1 plants fwm 
crosses between jjI. sativa and lll. 
jalcata as lacking dominance of 
either the purple or yellow genes; 
this resulted in a varie~ated ~heno­
type. According to Lesins (28), 
the variegated appearance was due 
to purple pigmentation in the epi­
c1errnn.l layer of the flower, w1nch 
was over a backgroUllc1 of yellow. 
Flower colors in the F 2 generations 
yaried widely with fe'~ clear-cut 
groups. The parental phenotypes 
seldom appeared. Several research 
workers tried to catalog the various 
("'olors, but were hlr~ely unsuccess­
ful beeilUse of variatIOn in vein pig­
menta.tion, keel color, bud color, and 
fading characteristics of the varie­
gated flowers. 

Bmion (9, 10), Korohoda (fa1) , 
Lt'pper and Odland (;8;8), Storgaard 
(35), and 'Waldron (4-0) all sug­
gested that three factors 'with di­
~omic inheritance controlled purple 
"~So yellow Hower color. Data from 
these studies are presented in table 
(j. ~one of the original investiga.­
tors attempted to interpret the data 
on a tetrasomic basis. A reinter­
pretation of the results on a tetra­
:o;omic basis has been included in the 
table. Segregations were reported 
on the basis of flowers with purple 
pigments YS. flowers without pur­
ple pigments (yellow ancl white 
Hower colors). It was felt that no 
other general presentation of the 
data would ue valid becanse differ­
ent re,.;earch workers used different 
;.;ystems for classifying flower colors 
~lllcl it lUIS been noted in diploid 
alfalIa that some purple phenotypes 
often mask the presence of small 
amounts of yellow pigments. This 
llleans that, without chemical analy­
ses for fioral pigments, crosses of 

purple and yellow flowers will pro­
vide accurate information only on 
the inheritance of the factors con­
trolling purpie flower color. 

All the data concerning purple 
flower color inheritance presented 
in table 6 agree with the conclusive 
edclence presented in table 4. Pur­
ple flower color appeared to be con­
trolled by a single gene, P, with 
tetrasomic inheritance. 

Yellow vs. Cream Flower Color 

Little work has been published on 
the inheritance of yellow flower 
color in tetraploid aifalfa. To be 
a(\curately analyzed, yellow flower 
color inheritance should be studied 
either phenotypical1y in the absence 
of purple pigments or chemically. 
Up to the present time, aU the chem­
ical studies of yellow flower color 
]uwe dealt only with diploid alfalfa. 
Those studies were discussed on 
pages 3-5. In tetraploid alfalfa, 
only three limited phenotypic in­
heritance studies of crosses between 
vellow-flowert'd and cream-flowered 
l)lants have been reported. The 
d!lta from two of these studies 
(Storgaard (3:) and Weihing 
(4-1) ) are presented in table 1. Both 
Storgaard and "\Yeihing interpreted 
their clatn, on the basis of disomic 
inheritance of two or three additive 
genes. The clatn, from these studies 
were reinterpreted in this review on 
the basis of one dominant gene with 
tetrasomic inheritance controlling 
yellow flower color. With either 
interpretation, tIle data are incon­
clushre because they fit both disomic 
and tetrasomic patterns of inherit­
ance and because the critical Fa and 
F.J generations "mre not grown. 

There are several reasons for 
favoring the tetrasomic model of in­
heritance. Neither Storgaard nor 
Weihing used parent plants that 
'were of the dark yellow phenotype 
usually associated with lIf. falcata. 



~ 

~ 

TABLE 6.-Segregations jor purple and nonpurplejlower color '~n tetraZJloid aljalJa,jro1lt crosses among purple-flowered ~ and yellow-flowered plan~, and chi-square tests j07' goodness oj fit (P) to genet?:c ratios 1 

~ 
I 

Observed ratio Expected tetrasomic ratio 3 til 

Number I 
Author and generation of ~ families Purple Non. llandom [ P Random P 8 

purple' chromotid chromosome Z 
z 

Burton (9): p
F, (M.falcata X M. sativa) _____________ 1 100 3 20.8:1 0.435 35:1 0.937 ...

Burton (10): t»
F, (M.falcala X M. 8ativa) ____ ~ ________ 1 461 10 20.8:1 .011 35:1 .406 en 

t»Korohoda (21):
F, (M. sativa X M.falcata) _____________ 1 513 22 20.8:1 .616 35:1 .064 

~ 

c:lLepper and Odland (22): 
F, (purpie X yellow) __________________ rn1 38 11 2.5:1 .356 3:1 .685 

Stor'Ward (85): t::j
1 (yellow X purple) , _________________ t;j3 42 12 3.7:1 .873 5:1 .278 

Waldron (40): '"d 
F, (M. sativa X M.falcata) _____________ 1 225 20.8:1 .019 35:1 .185 !"3

3 I 
-- - -------_.- 10 

>!j 
1 Expected ratios calculatl!d by reviewer or. basis of tetrasomic 3 Expected ratios caleulutcd on the busis of segrcgaLion limits 

inheritance patterns indicated for the P gene as presented in presented by Allard (1). 

I 
~ 

table 4. , Genotype of purple pureht (0-194) is PPpp, according to duta l:;:! 

2 Nonpurple includes both cream- and yellow-flowered plants. in table 4. 

~ 
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TABLE 7	.-Segregatio1ls for yellow and cream flower color in tetraJ)Zoul aljalia front crosses among lIello~flowered and o 

cream-jioweredl)/ants, and chi-square tests for goodness offit (P) to ooth disomic and tetrasomic ratios ~ 
.~ ::1l 

Expected tetrnsomic mUo I (") 


NUIll- ]~xpected t"' 


Author and generation ber of disomic P ::1l 
o 


families rntio R:mdom Randolll 
Yellow Cream chromntid P chromo- P 

some 

Obsen'ed rntio 	 o 

~ . '-. 	 I 
::1l 

Slorgnnrd (S5): 2 I ~ PI (light yellow ®) _______ • .! 1 20 13 3:1 0.3!H I 2.5 1 0.738 3 1 O. aOl ~ 
P2 (light yellow ®) ________ .! 1 7 0 15: lor 63: 1 . '1060r. 743 ' 20. 8 1 .57ll 31> 1 .662 (") 

1'3 (dnrk yellow ®) ________ ,I J 1 :0 783 1 --- ..... ---- 1 0 .... ,.. .....-- .. t:'j 

1'4 (crenm ®) ______________I 2 0 28 0:1 	 o 1 o 1 ... --- ... -~ ... Z============1 ---~i72-15 	 0 7: I or ] 5: 1 .1530r.324 7. 7 1 11 1 .107FI (PI X P2)--------------.. 1 tl 
FI X 	1'3)---------------1 1 5 0 1 :0 ------------ 51. 3 1 -------- 1 0 --------FI (PI(PI X 	1'.)_______________ 2 ~15 14 1:1 .863 .87 1 .591 1 1 .863 

t"' 
PI X 1'3)--------------'1 1 5 0 1 :0 ---------- ...... laO 1 -""""----- 1 0 ---- SFI (1'2(1'2 X 1\) ______________ . 2 	 5 ] 1. 00025 5 3:1 or 7:1 .203 or. ·103 3.7 1 .550 

~---

tl 
FI (1'3 X 1'4)--------------.1 2 1·1 0 1 :0 --- -------- 27 1 ."'------ 1 0 -------- >Weihillg (41): 3 	 I1'5 (yellow ®). ____________ .:. _______ -------- -------- 15 1 .. ----------- 78a 1 -------- 1 0 .. ------- tl
Po (cream ®) _____________ ). _______ -------- -------- o 1 ----------- ... o 1 -------- o 1 .. _------

All 0 ] 0 	 27 1 ----- ... -- .. _------ ~ >\ (1', X P.)----- .-- -----	 ------------ 1 0-l-------	
~ 

74 	 24 a 1 .!lI0 2. 5 1 .380 3 1 ,010
P2------------------------ 2 1 1 	 .87 1 .55g 1 1 .666BC (PI X P6)-------------- 1 3 2 	 .66G1?2 _______________________ . 4 	 ~ 163 	 12 15 1 .745 20.8 1 .161 35 1 .000
F - ______________________ .1 1 	 t"'

58 1 6:3 1 . n44 20.8 1 .290 35 1 .6292	 o....BO (FI X 1'0) ______________ 1 1 	 a.7 1 .108 5 1 .52634 5 
I 

7 1 . 050 	 tl 
I 

I Expected mtios calculated on the basis of segregation limits combination of data from two similar clones which were listed 
presented by Allnrd (1). by Storganrdlls 8(8) and 77(3). 

2 Clone numbers nssigned by Stor8aard ns 140(6), 113(5), and 3 Yellow and cream parents listed in table as 1'5 and Po represent 
208(2) referred to in table as Ph 12/ and 1'3' 1'. reprcsents a plants listed as 5 nnd 3 by Weilling. ~ 

t:,j 
t-' 
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Therefore the parent plants were 
probably s<.'gregates of crosses with 
.AI. sali!'1.l and wel"l~ not the genotype 
of unadulterated ill. falcala. Datn 
discllss('(l on page 4 sho\yed that at 
least. three genes control yellow 
flower color in diploid alftllb. The 
obseLTed segregations presented by 
Storgaard and Weihing would fit fl, 

pattern of three genes with disomic 
mheritance, but in no instance did 
they describe tho recovery of plants 
with the dark yellow phenotype of 
M. falcata. 

An example of the dillicuJty in 
obtaining parental types from :B\ 
segregates of It tetraploid cross be­
tween cream-flowered plants and a 
dllrk-y(,llow-flowered plant was de­
scribed by Twam ley (J(J). Both 
parent l)lants were self-pollinated 
and ylcldecl uniform-appearing 
progenies, as did the F 1 population. 
Tho hybrid plants were intermedi­
ate ill depth of color between the 
white and the yellow parents. The 
1·\ popUlation consisted of 257 
plants and was divided into 1:3 
elmis('s. No segrega tes were found 
that approximated either of the pa­
rents, although parent:tl types w('l'e 
reco\"ered in the F3• The modal F2 
class conesponded to the Fl in 
d('pth of yellow pigmentation. 
This s('gr('gatioI1 pattern l'<.'<}uired 
at least li\'o or more genes with c1i­
somic inheritance or at least two 
genes with tetmsomic inheritance. 
Tetrasomic inheritance appears 
more likely because of the pattern 
of inheritaneo of yellow 1.10,,'e1' color 
in dj ploid alfalfa and becall~e of the 
predominantly HUlotelmploid be­
haviOl' d('sedbed for j he P and 0 
flower rolor genes ana Jor the many 
mOl'pho10gi(' trn its l'l'vic\\"('d by 
Hames and Uanson.10 

IV All illnstrutl'd summary of gl'lletic 
trnits in tl'trajJlOid und diploid alfalfa is 
now bping prl'parcd ill the Agricultural 
Rcs('ar('l1 Sen·ice. 

Available diploid and tetraploid 
(bta suggest that yellow flower color 
is probably due to the accumulatiye 
effeds of two or more duplicate 
hcreues (the M"reater the number of 
dominant alleles, the darker the 
shade of yellow Dower color). The 
gene symbol Y was first suggested 
by Lepper and Odland ('fU) for 
designating the gene controlling 
wllo\\" flower color. Since that 
time, the Y designation has been ac­
(~eptecl by most r('$carch workers. 
Twall1!1~y~s data suggest t.he possi­
bility thnt t,,"O tetmsomically in­
h('rited genes control yellow flower 
color. These two crenes could be des­
ignated as Y1 and Y 2 until the yel­
low pigm(,llts han~ been identifl<.'d, 
at which time the symbols could be 
nppl'opriately changed. It is '{ery 
likely that the ]71 and ]72 geI1<.'s in 
tetraploid alfalfa, could be the same 
as the Yo1h and 1"X2 geJ1<.'s described 
by Cooper (14) in diploid alfalfa. 

Yellow vs. White Flower Color 

Only three reports of crosses be­
tween yellow-flowered and white­
flowered plants haNe been uncov­
ere(1. Lepper and Odland (22) and 
Storgaard (36) described the Fl 
hybrids from such :t cross as having 
purple flowers. In both studies, the 
genotype of the white-flowered pa­
rent was probably ('cccPPP-. The 
action of the P allele was supprebsed 
by the epi"talic action of the ccce 
genotypt'. ,\'hen the white-flowered 
plant was crossed 'with :t ye11ow­
llowered plant, suppos('dly of the 
(J(}C-ppppYY- genotype, the ac­
tion of the P allele was no Jonger 
snpprt'Rsed; so that the F1 plants 
]lll!l purple 01' Yfll'ieg:l!('d iiow('l's. 
Xo attempt was made to anal.yze the 
data from these studies because 
there was no way to determine the 
genotype of the parents and because 
the F 2 popUlations ,vere small. 

http:Uanson.10
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:No tetraplcid evidence has been 
reported as to whether the cccc gen­
otype il:; epi:;tatic to the Y gene, but 
diploid data (pages 5-6)illdicated 
that the coPPYyi'y is cream col­
ored, AS8uming that the 0, P, and 
Y genel:; in lel:mplold aHalftt are 
identic:a,l to the 0, P, and Yo; 
genes pr(wiously descl'ibed in di­
ploid. alfalfa, it can be postlllate(l 
that: the (' gene is [L ba:;ic color fnc­

tOt' fOl' yellow pigments as well as 
for anthocyanins, Therefore, as­
suming tetrasomic inheritance with 
random chromosome segregation, 
the F2 generation of the cross cccc 
PPPPyyyy X 00C01JPPPYYYY 
should theoretically segregate for 
{lower color in a ratio of 1,225 pur­
pIe: 42,875 variegated: 1,225 yel­
low: 1,2V5 eream : 36 white, 

SUMMARY 


1. Publishe(l data from diploid 
and tetraploid alfalftL flower color 
studies an(lunpublished data from 
studies conduded by the author and 
others were summarized and re­
enduatcd. The flower color data 
from tetraploid alftdftL were rein­
terpreted aecording to a tetrasomic 
pattern of inheritance. It was in­
tended that this paper should con­
sol ic1ate all data on flower c:olor 
inheritance into a single sourc.e, 
compare the obdous similarity of 
data. among studies, set forth It uni­
form system of gene designlttions, 
fllHl c:ompare the interpretations 
from tetmploid studies with re<:ent 
st\l(lie~ using diploicl M. 8atiL'C£ and 
ill. falNcta. 

2. CIH'mieal analyses of diploid 
alfalfa ind ieatcd thnt purple flower 
color' is due to three anthocyanin 
pigm('llts inhC'rited as a ul1it and 
eontrolled by one dominant gene 
(P). 

3. Yellow flower color pigments 
in diploid alfalfa, were identified as 
being primarily xanthophyll, with 
It Hmall amount: of B earotene pres­
ent. Ornctic data. suggested that 
yellow flower color was eontrolled 
by at least thl'ce and probably four 
g('n('s \\'ith additi I'l" l'lredR. Two of 
tho g('nes ('ontrolling xanthophyll 
wero (IN;ignated YX 1 and 1"x2 • The 
oth('l' two genl'S were not identified 
with any specific: pigment nml were 
designecL Ya and r l . The homozy­

gous recessi \'0 condition of the 
four }' genes and tho P gene pro­
duces lI, tream flower color. 

4. Nine anthoxanthin pigments 
hlwe been chemically identified as 
flower-color modifying pigments in 
dipI<:>id alfalfa.. Six of the antho­
xanthins were quercetin glycosides, 
and three were kaempferol glyco­
sides. None of the pigments ap­
pettreu to impart a phenotypically 
signifieant color of its own, but they 
tendeu to act us modifying genes 
when copigrnenteu ·with an antho­
cyanin or xanthophyll color gene. 
The inheritance of the production 
of two kaempfcrol glycosides was 
sllOwn to be controlled by two domi­
nant independent genes, which were 
designated K 2 and [(3' 

5. Two additional modifying 
flowe r-eolor (~haracteristics in elip­
loid a.lfalfa were purple bud color 
and floral ,,('in color. Purple bud 
eolor required the presenc.e of two 
dominant genes (Bs and Bf) with 
c:omplcIllC'ntary action. Floral vein 
color in yello\\'-flowered diploid al­
falh was c:ontrolled by the presenc.e 
of one or more dominant alleles of 
two duplit'ate gl'nes (Vs 1 and T'82). 

6. :So associ itt ion or linlmge was 
shoWJl betw('en the P, YX1, Y,c 2, K 2 , 

and [(3 gl'nes in diploid alfalfa, 
7. ·White- amI cream-flowered 

plants wero dt'serilwd in both dip­
loid and tetraploid alfaHa, ·White­
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flowered plants were completely 
devoid of all anthocyanin pigmenta­
tion in flowers, seeds, stems, leaves, 
and roots. The white-flowered 
phenotype was produced by the 
homozygous recessive condition of 
the a gene. Cream flower color, was 
due to the homozygous recessive 
condition of the P gene, which con­
trols purple-flower color and was 
inherited tetrasomically. The gen­
otype of cream-flowered plants did 
not alter color production of any 
other organs of the plant except the 
flower. Fl hybrids of crosses be­

tween cream- and white-flowered 
plants usually had purple flowers. 

8. Data ava.ilable on the inherit ­
ance of yellow flower color in tetra­
ploid alfalfa were interpreted on a 
pattern of either disomic or tetra­
somic inheritance. However, a 
pattern of tetrasomic inheritance 
controlled by several genes with 
accumulative effects was favored. 

9. Results of genetic studies have 
demonstrated a close relationship 
between the pattern of inheritance 
for vurl?le and yellow flower color 
in dIplOId and tetraploid alfalfa. 
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