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AN ILLUSTRATED SUMMARY GF GENETIC TRAITS
IN TETRAPLOID AND DIPLOID ALFALFA

By D. K. Banxsgs, research geneficist, and C, H, Haxson, research agronomist,
Crops Research Division, Agricultural Research Service

INTRODUCTION

Simply inherited markers in alfalfa are urgently needed for research on
genetics, breeding, and seed production, especially for studies dealing
with heterosis, genctic shifts, and habits of pollinators. This publication
compiles published and unpublished information on genetic markers
studied in tha Medicago saliva L. species complex i. & summary form and
makes such information more accessible. The compilation is limited
largely o traits for which a factorial hypothesis of inheritance has been
proposed. Some of the traits are more useful as markers than others.

Information presented on each trait consists principally of a description
and a brief account of its mode of inheritance. Whenever possible, black
and white photographns are used for illustration. Inasmuch as some ex-
pressions are best shown in color, the number that can be effectively
iMustrated here is limited.

Genctic symbols and nomenclature are in accordance with usage
recommended by the Alfalfa Improvement Conference. In seme in-
stances symbols were changed, but only with the concurrence of the
originating author,

TETRAPLOID ALFALFA (2N =32}

Hypocotyl and Root Traits
Elongated Hypocofyl

Davis (27) ! reported that elongated hypocotyl (fig. 1) was conditioned
by a recessive gene inherited in a tetrasomic manner. He noted a defi-
¢iency in the recessive class, which he attributed to differential gametic
viability. Fe proposed the gene symbol el. The original mutant was
found in an 8, family and was partly chiorophyll deficient. However, it
had sufficient chlorophyll to produce a normal-sized mature plant.
Chlorophyll deficiency and elongated hypocotyl appeared to be condi-
tioned by the same recessive gene in the nuiliplex condition, but 8 hypoth-
esis of closely linked genes could not be ruled out by the author.

i Jtalic numbers in purentheses refer to Lelerences, p.37. References to unpub-
lished master’s and doctory’ theses have also been ineluded,

H
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Figrue 1.—A, Seedlings with clongated hypocotyls: 8, seedlings with hypocolyls of
pormal length.  (Courtesy Agranomy Department, Purdue University.)

Red Root

Red root, caused by a red pigment in the root corte, is not clearly
differentiated until seedlings are 3 to 6 weeks old.  Younger seedlings can
be accurately elassified if the red pigmens is intensified by dipping roots
into concentrated hydrochloric ncid. The occurrence of red root mutants
in alfalfa was known nearly 20 years before the inheritance of the trait
was studied by Stanford.? He concluded that red root was condilioned
by & single dominant gene #d with Letrasomic inheritance. He found no
indication of either zygotic or pametie inviahility assoecinted with the red
root allele. Barnes and (Meveland (), however, observed o deficiency of
red root segregates when the 4 allele was transmitted through the
potlen. Transmigsion through the seed parent appeared normal.

Rough Root

A heritable rough root trait, superficially similar to a condition arising
from winter injury, was deseribed by Jones (27). The roughness origi-
nated from an abnormal periderm. The pheilogen of rough root plants
develaped deeper in the root cortex than in normal plants, aad remained
continuously active, hut the thickened phellem produced did not appear to
protect underlying cells. Subsequently, a new cambial activity was in-
eited, which usually failed. Most plants with this trait did not transplant
well.  Tn the study described by Jones, ali 8, progenies from rough root

'STA\:-orm, E. I Oclober 30, 1661, {Personn! correspondence. )
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plants had abnormal roots, but the degree of roughness often varied
among plants, All plants with rough roots, however, could be identified.
Crosses between rough reot and normal plants produced 1%, plants with
normal roots. VFrom 2 to 20 percent of the individuals in three Fa
populations of about 50 plants had rough roots. A genetic hypothesis
was not presented.

Leaf and Stem Troits
Crinkled Leaf

Odland and Lepper (37) described a plant with crinkled leaves, which
was observed in the progeny of a cross hetween tetraploid Medicago saliva
and tetraploid M. Jelenia 1. They wseribed ihe ahnormality to the
epidermis and mesophyll growing at a more rapid rate than the vascular
tissue. The degree of leaf crinkling varied among plants. A large amount
of crinkling was detrimental to the plant and resulfed in stunting and
restricted fiower production. On the basis of Fu and limited I'y data, they
concluded that two complementary dominant factors D and £ were pres-
ent in normal plants.  Absenee of either of the two dominant factors
produced the crinkled trait. A third factor, dominant Cr, also produced
erinkled plants, but only when factors D and £ were recessive. Disomic
inheritance was proposed for the three factors, but the possibility of
tetrasomic inheritance was not investigated.

A phenoctypically similar trait (fig. 2) was studied in advanced genera-
tions of a cross between dipleid M. sativa and diploid 3. faleafa. (Bee
Crinkled Leaf, p.30.)

Dwarfness

Pauli and Sorensen (42} deseribed a dwarf mutant characterized by
greatly shortened internodes and a dense rosette of small leaves close to
the ground (fig. 3). Dwarf plants failed to develop floral primordia under
conditions that resulted in profuse flowering of normal plants. Flowering
and seed set developed only after applications of gibberellic acid to soil in
which the dwarfs were growing. Sorensen 8 found that dwarfness was
conditioned hy a recessive gene dw and expressed in the nulliplex condi-
tion. He postulated a tetrasomic mode of inheritance.

Busbice (73) reported finding two additional dwarf mutants with
phenotypes similar te the dw dwarf deseribed by Pauli and Sorensen.
Dwarfness in each case was controlled by a single recessive gene with
tetrasomic inheritance. Intercrosses between the two dwarfl mutants
produced nermal F, progenies, Bushice, therefore, concluded that they
were confrolled by different genes, which he designated duw, and dw..

No information is available on the possible relationship of the dw gene
to either the dw, or the dw. gene.

Folded Leaf

Schrock (48) and Stanford and Cleveland (52) described similar folded
leaf mutants. Leaflets showing the trait are folded toward the adaxial

i1 SonexseN, E. L. December 11, 1962. {Personal correspondence.]
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Fravar 2,—Crinkled leaf trait.

sidle of the leaflet along the midrib {fie, 4). The two halves of the leaflet
may adhere along thetr entire length or only at the apex. Bxpression of
the trait, according to Stanford and Cleveland, is variable, with some
plants having nearly 100 percent folded leaflets and others having only 25
percent. The folded leaf trait is expressed in the unifoliolate leaf, but
trifohiolate leaves are more avewrately classified. Stanford and Cleveland
showed that the folued leaf trait was conditioned by a single recessive genc
inherited in o tetrasomie manner and proposed the symbol fo. A defi-
ciency of recessive types was noted in simplex and duplex families.
Schrock repoited that his folded leaf mutant was conditioned by a
dominant gene.  However, he studied only one segregating generation so
it was not pnssible to differentiate disomie from tetrusomic inheritance.

Mottled {eaf

Stanford and ("leveland (52} described a leaf mottling that was charac-
terized by a chlorotic vondition of the leaf surface, interspersed with
flecks of green (fig. 5). Cienctic studies showed that mottled leal was
determined by a single recessive gene that was inherited tetrasomieally.
The gene symbol mo was proposed. Al mottled plants had some noymal
green sectors and some had one or more normal shoots. These green
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v
.

Freens 40 L4, dee dwarf seedling: 2, normnl seedling,

sectars il mreen shoots were shown (u be the result of a high muatation
rile of the mo gone and mst of aovariable expression of the tradi. Mina-
tinns appeared to oraer from mottled o normal. Reverse mutations were
nof ohserved.

Multiple Cotyledons

It & population of 15,513 seediings Tromn alfalln varieties Ranger and
Vernal at 2 Pants Minn, 1K Bouenes and Lo Blling tdata anpuh-
fishedr ohwerved that 61 pereent of the plants had tliree cotyiedons uod
approvimptely 0.06 pereent had four eotyledons g, 6). Inbreeding of
plantswith multiple cotyledons for three to live generations inerensed the
Frequencey of nwltiple cotyleduns from 1.6 pereent te as high as 88.9 per-
eem o oseveral lnes, Tooaddition, a Tew planis with ve and six cotyvle-
dons were observed,  Belling plants with five and six cotyledons invari-
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Fioune 4~Folded leal trait. (Courtesy Agronomy Depirtinent, University of
Lalifornin.)

Fravue 5—3lottled leaf tmit, (Courtesy Agronomy Department, University of
Californin,}
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ably produced progenies with higher frequencies of wmultiple cotyledons
than were obtained from selfing plants with four cotyledons. Likewise,
plants with three and four cotyledons produced a higher frequency of
plants with muitiple cotyledons than did plants with two and three
votyledons, respeetively. However, no plants were found that were
homozygous for multiple cotyledons. Discussions with others working on
this trait indieate that plants homosygous for multiple cotyledons have
not heen isolated.

Barnes and R. W, Cleveland tdata unpublished) at University Park,
Pa., found that cotyledon chlorosis appeared to be assoviated with multi-
ple cotyledons in diploid alfalfa.  Barnes ant Biling (data unpublished)
at 8t. Paul, Minn., found that cotyledon chiorosis also appeared to be
associated with multiple eotyledons in several hnes of tetraploid alfalfa,

Pole-Green Plant Color

Barnes and Hovin (7) studied a mutant with pale-green stems and
jeaves (fig. 7). Chemieal analyses of mutant planits indicated they had an
inereased ratio of chlorophyll @ to chlorophyll b and were about 70-percent
deficient in total rhiorophyll. Seedling viability appeared normal when
classificd ab 2 or 3 weeks after emergence.  Mature pale-green mutants
produced Rowers and seed but often owered several weeks Iater than
normad siblings.  Pale-green plant color was inherited tetrasomically and
eonditioned by the nulliplex condition of the pg geoe. This mutant
ean be phenotypically differentinted {rony the viridis leaf color mubant
deseribod by Childers and MeLennan (17} beeause the leaves and stems
are uniform i eolor and have no white lend blades or dark-green leaf
veins.

Frovne 6.—4, Chlorotic scedling having three cotviedons; B, normal green seedling
having four cotyledons.
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Fiatur 7., Plant having palke-green plant enloe: B, phat having norrsnd eolor.

Ruptured Epidermis

Whittington and Bareawe o3 deseriboed {he ruptured epidermis trait
s Veshaped markings on (he laming Gg. 81 The Vemarked  arens
were lght green, which resulted from the ritplare of the leaf epidermis

ehving expansion.  The rute of respirabion of the entire loaf wis not duly
affected by the markings and nwtant plants were not noticeably woenler.
It was proposed that the antant tril was expressod when two or more
recessive alloles of the tetrasomically inherited ry wene were present. The
authors observed, however, that the muotad fene appeared to vary in
penetrance ad expressivity.

Seedling lLethal

Lewis amd Flling 1021 reported lethal genes msociated with the death of
seedllings 1 to 12 weeks old at the three- (o Tour-leal stage.  When the
seetlings were several weeks old, the new leaves were sianller than normal,
aned dighter in volor, and had a Tolded appearanee g, 9. Defolintion
veewrred wradnally, besinning with the lowoer leaves, Stems wore spandly
and rools were wnderdeveloped. The trait appeared to be controlied by
twa complementary wenes Le and Lea, hut the data were not sufficient
to dilferentinte disomic from tetyasonmie inheritanee, However, later
studios by Steingham amd Elline © indicated that {he twe genes wore
mherited foa tetesonne roaoner, Plani< of he fe - - - foa s lea fea,
feledele Loy o - o s debelele ey bea Bes b s genobyvpes were normal; plants of
the Lo« Loy - -2 venotypes died.

CRrisenoy GO AL and Fooise, LoJL Mareh 10, 1965, {Personal eoimmnni-
valisn,
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Floel S- Lol <showing characteristie ban g of ruptured epidermis teait.  (Cour-
te=y fehm] of Agrienitnre, University of “atninghum, Loughborough, Bngland .}

Stem Color
Many workers have ohserved alfalfa plants with exceedingly red stems.
Jedl stems are espevially conspicuous i the alfalfa varichy Moapa.
Aevonding to Sehaetller - 57 sl to Korohoda w3/ as eited by Atwood and
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RPN VO SO S

Ficure 8.—4 and €, Seadlings showing apindly stem and underdeveloped root
characteristics of seedling lethal trait; B, normsl seedling of same age. (Courtesy
Department of Agronomy snd Plant Genetics, University of Minnesota.)
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Grun (%), crosses between red- and green-stemmed plants indicated that
green was dominant over red. However, expression of red was often
variable. Neither worker presented conclusive evidence as to genetie
control. Expression of red stem color appears to be similar to that of most
plant anthocyanins in that the degree of pigmentation is influenced by
environment.

Sticky Leaf

Stanford (50) described a sticky leaf abnormality that was character-
ized by adhesion of adaxial sides of adjacent leaflets, as well as adhesion of
opposite halves of the same leaflet (fig. 10). The trait can be identified in
the three-leaf seedling stage. Sticky leaf plants are fertile. Stanford (51)
indicated that the expression of sticky leaf was controlled by one gene with
tetrasomic inheritance and was expressed only in the nulliplex condition.
The symbol st was proposed.

Two Unifoliolate Leaves

The normal developmental sequence of an alfalfa seedling includes a
pair of cotyledons, a single unifoliolate leaf, and trifoliolate leaves. Perga-
ment (44) described alfalfa seedlings with two individual unifoliolate
leaves instead of one.  Preliminary data indicated that this trait {(two uni-
foliolate leaves) was conditioned by one recessive gene inherited in a
tetrasomic manner. Later work by Davis® however, indicated that
segregation ratios may fit either a Letrasomic-disomic or a strictly tetra-
somic type of inheritance.

Viridis Leaf Color

Childers and MeLennan (/7) stated that this chlorophyll mutant lacked
plastids in the leaf blade, although some plastids oceurred in the mesophyl!
tissue around the midrib. Lew and intermediate chlorophyli-producing
classes of segregates could not be distinguished in the seedling stage, but
classes could be differentiated when planis matured (fig. 11). In the low
chlorephyll-producing class, petioles and veins were green and leaf blades
were white. In the intermediate class, petioles and veins were green,
but leaf blades were pale yellow green. The authors concluded that inher-
itance could be described on the basis of a single recessive gene inherited
tetrasomically. They proposed the symbol ». This trait is phenotypi-
cally different from the mottled leaf trait reported by Stanford and Cleve-
land (52).

Yellow Leaf

According to Childers (/3), this mutant has yellow cotyledons (fig. 12)
and leaves. A few seedlings lived o maturity but were dwarfs, Leaf

iDavis, R. L. November 30, 1962, {Personal correspondence, }
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Fioure [0—Sticky leal trait. {(Courtesy Agronomy Deporiment, University of.
Culifornin.)




GTONLLEe PRAE~ BN P P ALl B AN Bt AL ARka 1

s b oh e e dead Lhndes] geeen petinles,
i el g ar et horoen ca e Tesves,

Porne Vet Bhepartnwens of 0 Aadealinee,



http:lt�:a!.Lt

I THECHNICAL BULLETIN NO. 15T, 1705, DEPT, OF AGRICULTURE

Frorue 120 Seedlings sewgregatine fur normisl green eorviedons and yellow eotyledons.
The Latrer wee trpusal of 1he plenotype o peesse] v sy ol the gy, ry rag e aned g
venes,  Conctesy Coeptral Espermmenial Farn, Camada Deparetment of Agreievliure,
i, Ontarn.

Hsue struetine of mndant plants was shmilar to that of normal green
lTeaves, b plastids ook up ~tain weakly i comparison with plastids of
wortnad lenves. The tradt was vonditioned by a zingle reees=ive gene with
tedraeomade mheritanee. The cone was desienated santha-1 and assiened
thie ~vinbol s Chiliders potinted oue the smilareity of this matant to the
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lethal yellow leaf seedling trait reported by Kirk (30), which the latter
interpreted as controlled by two or more recessive genes with disomic
inheritance. Childers recalculated Wirk's data and found that they sup-
ported his hypothesis of oue recessive gene inherited tetrasomically.

Yellow Cotyledons

Dessureauy (22) reported four genes associated with yellow cotyledons
in alfaifa. Scedlings with vellow cotyledons usuzlly died before the uni-
folislate leal appeared. All four genes were associated with similar pheno-
types and were inherited in a tetrasomic manner. The nulliplex condition
of cach gene produced vellow cotyledons. Phenofypes of the genes were
similar to the xantha-1 gene described by Childers (13). Therefore,
Dessureaux designated the four genes xantha-2, -3, -4, and -5 with gene
symbols 2, &n, 4, and s, respectively.  Available evidence suggested a
linkage between the r2 and ry genes.

Zebra Leaf

According to Stanford (50, this abnormal leaf trait was characterized
by a chlorotic stripping of the leaf, running at right angles to the midrib
{fig. 13). Tt was readily identified under all environmental conditions, but

Fiorre 13.—Zebra leal trait. (Courlesy Agronomy Department, University of
California.)
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was more ohvious at low temperatures when the chlorotic areas were move
sharply dofined, The demarcations were Iess pronounced at summer
temperabices but could be identifid. Zebea plants weee notiveably
weaker and differed in vighilite, A single tetrsomieally inherited =ene,
designated 2o by Stanford. controlle] the zebra leaf traie. The nudtiplex
and simplex genotypes expressed the mutant phenotype.  Dominance of
the nornat pheaotype was expressed at the duplex level, The gene be-
haved primartly as a recessive exeept for the mutant expression of the
simplex genotype.

Flower and Seed Traits

Branched Racems

The hranchied raceme tradt was first noted by Westeate o351 Later
Dudley and Wilsie 24, 21+ deseribed o mutant plant that bore profusely
branched panicle-like inflorescences nstead of normal racemes, but had

FProrns - A, Branched reeme having vestiginl fowers; #, raeemes having normal
flowers, 1 CUnnrlesy Agronomy Departiment, Town State University.)
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primarily all vestigial floral parts (fg. 14). They proposed symbels A,
Br, Ra, and Ra’ for genes controiling inheritance of branched raceme.
Genes A and Br were assumed to be inherited in a tetrasomic manner with
random chromosome segregation; Ra and Ra' were postulated as duplicate
disomic genes, Some interactions among genes were observed. Branched
racenme and vestigial flower were related penctically, but the basis for this
relationship could not be determined.

Childers ® diseovered a plant with branched racemes and normal floral
parts among 8, progenics of a plant tracing to the alfalfa variety Fla-
mande. Normallv the pedicels of a raceme produce one floret, but &he
pedicels of the branched raceme trait grew much longer than normal and
sath produced a cluster of from three to seven florets (fig. 13). As many
ax 119 florets were observed on a single branched raceme at Ottawa,
Canada. Plant growth type was normal until the atypical flower traits
developed.  In the greenhouse, some Horets aborted, but seed production
generally was normal,  When the branched raceme mutant was crossed
with o norraa! plant, all Fo plants had normal racemes.  Fa segregation
indicated genetie control by w single recessive gene (bry) inberited in a
tetrasomic manner.

Exposed Stigmo

According to Markus and Wilsic (35), this floral abnormality is charac-
terized by complete exposure of the stigma, which is first observehle in
the late bud stage (fig. 16). Petal size is reduced and the keel never
completely encloses the sexual column. The style appears normal in
length, the filaments appear short, and the anthers shrivelled and non-
dehiscent. Pollen grains are few and sticky, but appear normal in aceto-
carniine smears. In the greenhouse the clone was male sterile but
completely female fertile, Under feld conditions it did not set seed,
apparently because it was unattractive to pollinating insects. The
authors postulated s single recessive gene es inhervited in a tetrasomic

Ficure 15—A, Normul raceme; B, hrenched ruceme in bud stage; C, Lrunched
erceme in full bloom.  (Courtesy Central Experimental Farm, Canada Depariment
of Agriculture, Ottawa, Onlario.)

5"{11'1]:1)_5;;5, W. . February 13, 1964. [Personal correspondence.
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Fravag 16.—4, Raceme with namnal forets: 8, meeme with fiorets having exposed
stignuts charncleristic of es gene.  1Courtesy Agronomy Department, Towa State
Universily.)

manner. The designation « was used in the original publication but was
not intended as a genetie symbol. The symbol es was snggested by
Wilsie,.? The exposed stigma was expressed by the nulliplex condition.
Consistent deficiencies of the nulliptex genotype suggested partial selec-
tion against recessive gametes,

A similar kind of exposed stigma was deseribed by Nielsen (36). It was
characterized by the stigma and anthers growing through the tip of the
keel petal (A 171 The stress on the staminal column was less, so that
characteristic bending to about 90 degrees, which takes place after
tripping in normal Bowers, failed to oceur. Thus, the staminal column of
the abnormal flowers was straight, and after tripping turned slowly to-
ward the standard.  Expression of the exposed stigma trait was greatest
when the air was relatively warm and dry, and least when the air was cold
and humid. Flowers with cxposed stigma could be pollinated by bees
without tripping.  When tripping occurved, the bees did not receive the
hard blow from the staminal column usually experienced from tripping
normul flowers.  Preliminarsy studies indicated that the cxposed stizma
trait was heritable but complex, because expression of the trait was
variable and greatly affected by environmental conditions,

Flower Color

AMore than 20 studies of flower color inheritance in tetraploid alfalfa
have heen published.  {nformation from them and from studies that have
not been published was summarized and reevaluated by Barnes (3). A
smn&nar}-’ follows but for sake of brevity, the original referonces are not
eited,

FWasir, (O P, November 27, 1962, [Personal correspondence.j
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Variegated —Usually all T, and many I and Iy progenies from crosses
between purple- and yellow-flowered plants have vavierated flowers, This
has been shown to be due to a copimmentation of the purple pigments
in the epidermal layer of the fower with a background of yellow pigments.
Gene dosages for purple, yellow, and madifying pigments, and ape of
Howers were shown to be factors that influenced degree of variegntion.

Whate.—White-flowered plants were described as heing devoid of
anthoeyanin pigmentation in fowers, seeds, stems, leaves, and roots.
The white-fowered phenotype was produced by the homozypous recessive
eondilion of the color-conditioning ¢ gene, "The eece genotype is epistatic
over the 72 gene controlling purple flower volor and the Rd gene controlling
red root (3), :

Cream.—Cream flower color was due to the homozyvmous recessive
condition of the several genes controlling yellow flower color and the 72
gene controlling purple flower color.  The genotype of creaim-Aowered
plants did not alter color of any other plant organ.  (‘ream-fowered
plants were readily differentiated from white-flowered plants by the
presenee of pigmented floral veins, anthoeyaning in the stems, and tan or
vellow seeds,

Exeept for effects of gene dosage, diploids and tetraploids are very
similar with regard to the inheritance of purple, vellow, white, and croam
tower color. A better understanding of vellow fower volor inheritance
and the elfects of modifying factors can he obtained from diploids. (See
p. 33.)

Hornless Wing Petals

This abnormality is characterized by wing petals that fold around the
keel instead of extending normally (fig. 18) and is eaused by the absence of
horns on wing petals. Preliminary genetic analyses by Barnes, A, W,
ovin, and Cleveland {(data unpublished) at Universiby Park, Pa.,
indicated that the length of the wing petal horns appeared to be controlled
by one tetrasomically inherited gene A with purtinl dominance,  The
wing petals of the nulliplex genofype were hornless and enclosed the
keel petals. The phenotype of the simplex was similar to the nulliplex
exeept for the presence of short (0.75 to 1.25 millimeters) horns,  The
wing petals of duplex plants were approximately one-hali extended and
had horns 125 to 1.65 millimeters long. Triplex and quadruplex
genotypes were difficult to differentiate beeause hoth had normally
extended wing petals and horos of similar lengths (whout 1.75 millimoters).
A consistent deficiency of nulliplex plants was observed.  Uhe apparent
ability to identify most genotypes on the basis of phenstypes may
make this a useful gene marker far many studies,  ITowever, its use-
fulness 1n pollination studies will be limited hecause nost pollinating
inseets are unable to trip flowers of nulliplex or simplex plants.

Male Sterility (Anther Nondehiscance)

A male stertle {nondehiscent) alfalfa plant was described by Childers
ti4). The stevility was characterized by a precocious development and
overgrowth by the tapetal tissue, which was associated with an extrome
vacuelation of the eytoplasm of the adjacent sporogenous cells, This
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Frevue 19— Hornless wing petal trait: 4, Partion of wing petal showing compiele
ek of wing hooks; B, porlian of wing petai showing normal length wing hm)}(‘. .
pheaotype of floret with nulliplex gepotype for B gene conditioning hornless wing
petuls: 12, sormud Horel quadruplex for hi pene.

leads to a degeneration of the pellen mother vells in the carly prophase
staze. Tleavy-walled pollen grains were sometimes present at maturation
of anthers, but the shrunken nature of the anthers precluded the possibil-
ity of anthesisv. Inheritance of this nondehiseence type of sterility was
aitributed to action of duplicate genes {ms and ms:) with disomic inheri-




22 TECHNICAL BULLETIN NO. 1370, U.S. DEPT., OF AGRICULTURE

tance. Plants having a homozygous recessive genotype, ms; & ms: ms,
were nondehiscent, but the presence of one or more dominant alleles at
either the 3/s, or M s, locus restored ability of anthers to dehisce. Childers
indicated that because 'y populations were not included in the study, no
attempt was made to determine whether tetrasomic inheritance was
operative.

Male Sterility (Pollen-Grain Degeneration)

Childers and McLennan (16) described an alfalfs plant that was com-
pletely male stevile under greenhouse and field conditions. Male sterility
was characterized by an atypical behavior after micrespores were released
from tetrads. Complete degeneration of microspores followed. The stage
at whieh this degeneration occucrred was later than the stage at which the
nondehiscent type of male sterility reported by Childers (14) occurred.
Fuoetion of the fomale gametophytes of plants with degenerate micro-
spores was uormal.  Genetie studies indieated that complete male storility
was controlled by three recessive genes, which were probably inherited in
a disomic maonner. A tetrasomic mnterpretation was not discounted, how-
ever.  No cytoplasmic factors were associated with this type of male
sterility. Subseruently, MeLennan and Childers (33} transferred this
male sterility from the tetraploid to the diploid level and showed that
the trait was controlled by one gene ms; instead of three disomie genes,
{(Sec p. 33.) Thus, they concluded that one gene with tetrasomic in-
herifance was responsible for this form of male sterility in tetraploid
alfalfa,

Open Keel

Nielsen (36) described alfalfa flowers with abnormally open keels and
longitudinal separation of keel petals {fig. 19). Expression of this condi-
tion is best at relatively low humidities and high temperatures. Most
flowers with the open keel trait are more easily tripped by honey bees than
are normal flowers.  Preliminary studies indicated that inheritance of the
open keel trait is probably simple.

Pod Hairiness

According to Armstrong and Gibson (1), pods of Medicago glutinosa
Bieh. are characterized by upright hairs, each hair exuding a sticky
globule from the tip.  Armstrong and Gibson crossed A7, glutznosa with
a plant of M. media Pers. that had sppressed pod hairs.  The M, glutinose
traits were dominant in the F, generation. I familios segregated in
ratios of cither 3 upright : 1 appressed, or approximately 3 upright : 4
intermediate : 9 approssed. Armstrong and Cibson postulated that 17
glutinosa carried a dominant factor ¢ for upright hair posture, and that
the J. media parent was homozygous for the recessive g allele and heter-
ozygous for a factor /. It was also postulated that the / allele partly
inhibited the expression of ¢, Thus, the proposed genetic constitution of
the M. glutinesa and VM. media parents were G(4 and guli, respectively.
Inheritance was based on a disomic scheme. The authors did not test
for tetrasomic inheritance.
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Fiotre 19, Ruceme with flawers showing open keel trait farrow).  {Cuurtesy
Departinent of Plant Cultere, Roval Veterinaey antd Agrieulviral Coliege, Copen-
fingen, Denmark.)

Seed Color

ViaeViear (345 noted that secd eolor of alfalfa was predominantly a
Lrioht wreenish yellow but that density of color ranged from a very lizht
vellow to orange or light hrown, Bxceptional plants with true black or
e w hile <eeds wore isolated. A black-seetledd plant was discovered in
the third generation selfed line of variety Grimm.
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Black.—TF studies by MacViear indicated that white-sceded plants
welce homozygous for a recessive factor #, which resulted in the absence of
yellow pigment. Inheritance of the black-seeded trait was fairly complex,
requiring a hypothesis of at least threo factor pairs. Black color was
attributed to a single gene mutation, whose expression was affected by
two modifying genes. The genotype of the original black-seeded parent
was postulated to he ¥ YCei1CaeaBb, where the genes ave represented by ¥V
for yellow pigment, B for black pigment, and ¢, and ¢ for factors that
modily the expression of black. Deficiencies, which were attributed to
elimination by gametic or zygotic lethals, were noted in black and deep
mulatto classes. No reference was made as to the possibility of tetrasomic
inheritance. Seced coat color was affected somewhat by environment.

While—Alfalfa plants with white secds were described by MacViear
(84}, Oldemeyer (38}, Risius (46}, Stanford {49}, and Waldron (54). The
mutant plants had albino-white or creamiy-white sceds, whiech were
distinctly different from normal tan or yellow seeds (g, 20). Plants with
white seeds had white flowers and lacked anthoeyanin pigments in foliage,

Waldron stated that white seed color was inherited in the same manner
as white flower volor. MaeViear reported that white seed color was
recessive to tan and that the difference was conditioned by either one or
two genes with disomic inheritance. Oldemeyer studied seed volor inheri-
tance in Iy and backeross generations of crosses bebween plants having
white sceds and white Howers wund both plants having tan seceds and
purple flowers and plants having tan seeds and yellow Aowers.  He con-
¢lued that white seed color was produced only when a color gene ¢ was in
the homozygous recessive condition and when a dominant allele of an
inhibitor gene was present. However, neither MacVicar nor Oldemeyer
grew the critical generations needed to positively establish the number of
genes and type of inheritance. Risius and Stanford later demonstrated
conclusively that white seed color and white flower color were hoth con-
trolied by the same single recessive gene (c) with tetrasomic inheritance.

Ttevre 20.-—A, Normal yellow seeds; B, white seeds.
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Fraone 1 —-Variations in Aoral structure produced by vestigial eorolla tmait, (Cour-
I(;'s_v Central Txperimenial Farm, Canada Department of Agriculture, Ottawa,
atario.)

Vestigial Corofla

A floral mutant with a variable corolla (fig. 213} was isolated by Pankiw
and Rolion (39) in the §, progeny from an alfalfa variety Vernal plant
with high seed sct. Nectar production was helow that of the parent.
The nectary was at the base of the staminal column in some florets, but
was helow the anthers in others. Pollen production of this mutant was
limited but pollen was viable. Self-fertility was low but cross-fertility
normal. Honey bees visited the mutant flowers and some seed set
resulted.  Pankiw and Bolton (40) studied the seed-production possi-
hilitios of this mutant and concluded that the various types of vestigial
florets produced might be useful for improving prllination by honev bees.

Pankiw and Goplen (41} reported that the vestizial corolla trait was
controlled by a single recessive gene {(re) with tetrasomic inheritance.
The expression of the re gene was subjected to considerable environmental
influcnce.

Vestigial Flower

Dudley and Wilsie (23) described a mutant plant with profusciy
hranched, panicle-like inflorescences (hranched raceme) and vostisial
foral parts. Only an occasional petal was normal sized (fig. 14). Sced
sotting was not observed to oceur in the field. Genetic studies indicated
that the branched raceme and vestigial flower traits were related, but the
hasis for the relationship could not be determined by the data.

In a subsequent publication (24) the same authors proposed symbols
D, 1, F, and F’ for genes associated with the vestizial flower trait. D
and 17 were assumed to be tetrasomic genes with random chromosome
segregation; I oand F' were assumed to be duplicate disomic genes.
Some genie interactions were noted. The authors concluded that the
vestigial flower trait would be of little value as a genetie marker because
of the difficulty in making crosses and the complexity of genetic mechan-
isms involved.
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Plant Resistance
Downy Mildew Resistance

Infected leaves of alfalfa plants a2ttacked by the downy mildew funeus
Peronospora trifoliorum DBy. bhecome vellow. Downv mildew causes
significant leaf drop and seedling damage during cold, wet weather,
Jones and Smith (28) suggested that susceptibility was dominant to
resistance. Pedersen and Barnes (43} reported that resistance to downy
mildew appeared to be due te one tetrasomically inherited gone with
incomplete dominance, This gene was desiznated Dm.  The lovel of
resistance appeared to he determined by accumulative gene action with
genotypes as follows:  Very susceptible plants =nulliplex genotvpe;
moderately  susceptible=simplex; moderately resistant =duplex; and
resixtant =triples or quadruplex. It was suggested that eonflicting
reports as to the mode of inheritance of downyv mildew resistanee in
alfalfa might be explained by the existence of hological racex of P
trifoltarun.

Pea Aphid Resistance

The pea aphid Acyrihosiphon pisum tHarris) causos yellowing and
stunting of alfaifa. Jones, Briges, and Blanchard £29) determined the
inheritance of resistance in plants tracing to the variety Chilean. They
reged second-instar nymphs and observed rate of nyvmphal produoction
and iength of production period. On the rosistant parent, second-instar
aymphs usually failled to reach maturity in the normal time and upon
matutity produced few, if any, nymphs. The length of life did not
exeeed 9 days.  On the susceptible parent, from 1 to § nvmphs were
produced per day for a period of 10 to 15 davs., I and Fy scgregations
indicated that resistance was controlied by one dominant gene Pq and
one recessive gene pr. The designations A and & were used in the oriringl
publication but were not intended as genetic symbols. The symbeols Pa
and prwere suggested by 17, N. Briggs.s Both genes were assumed to be
ttherited in 8 disomic manner. The proportion of homozygous to heter-
ozygous families suggested a linkage between the two genes with a cross-
aver value of about 28 percent. The authors were unable to explain
segregation on the basis of random chromosome segrewations of an
autotetraploid.

Recent reports have shown that plant reaction to the pea aphid may he
affected by environmental econditions.

Root-Knot Nemuaiode Resistance

Goplen and Stanford (25) used nematode reproduction (presence of
oge masses) as eriterion for classification of vesistance to root knot {fig,
22), a discase caused by species of the genus eloidogyne Goeldi, 1887,
Root galling and proliferation are common symptoms of the disease.
Studies of resistance in two sclections from the variety Vernal showed
that resistance to ). hapia Chitwood, 1949, was controiled by one domi-

5.1311'16.(;.;;-:&"‘ N. Mareh 23, 1884, [Personal correspundence. |
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Fiovae 22— and €, Plants susceptible to root-knot nematode: £, plant resisiant,
to root-knot nematode,

nanf gene Rk with tetrasomie inheritance. Limited genetic daty from
two other plant selections suggested that one or two additional genes also
conforred resistance.,  Similar inheritance studies demonstrated that
resistance to M. joeanice jevranica (Treub, 1885) Chitwood, 1949, was
controlled by one dominant, tetrasomic gene Rl anct possibly a second
vene, The %, and R/l genes were linked, but an estimate of linkage
intensity was not obtained.

Stem Nematode Resistonce

Alfalia seedlings attacked by the stem nematode Ditglenchus dipsaci
(Iuhn, 1857) Filipev, 19346, develop a swollen cotylendonary node and
swollen and stunted leal petioles (fig. 23). Older plants have swollen
stems, shoots, and petioles, as well as distorted leaves and petioles.
rundbaeker and Stanford {26) reported that resistanee in an [ratian
introduction, P.I. 1414062, and possibly in the variety Talent was condi-
tioned by one dominant gene with tetrasomic inheritance. The resistant
gene in the Iranian selection was designated Sn by Stanford.® Grund-
hacker and Stanford (26) reported a second type of resistance controlled
by one or more miner genes in introductions from Argentina and in
resistant xelections from the variety Duluits, Segregation in progenies
from crosses of the variety Lahontan eould not be interpreted on a factor-
ia! basis. Controlled temperatures were necessary because expression of
nematode symptoms was temperature sensitive.  Numbers of nematodes
and egus were nsed as eriteria of resistance. Previous studies on stem
nematode resistance by Burkart (72) and Ragonese and Marco (45) sup-
rested a multifactorial system.

“S‘r.-\:émlw, E. H. July 10, 1963. [Personal correspundence.|
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Froves 23.~1 and A, Seedlings suseeptible to stem nematoade: 07, seedbling resistant
tu stetn nentude.

DIPLOID ALFALFA (2N=16)
Leaf and Stem Traits
Cotyledon Chiorosis

Barnes and Cleveland tdata unpublished) at University Park, Pa..
obwerved that seedlings from a eross between two unrelated hyvbreids of
Meddivago safiva andl M. feleata segreeated for green. yellow, and white
coivledon volor thg. 24, Genelie studies indicated that color was con-
trolled by two independent genes ge and Ye, which segrowated in an [y
ratio of 12 preen ;3 yellow : 1 albino. The dominant allele of the ge
gene wias epistatie to hoth alicles of the Yo zene and produced green
colvledons,  In the abzence of 2 dominant ge allele, the dominant Yeallele
produred vellow cotyledons. Seedlings that were homosygous recessive
for both genes were athino and died o few days afier emergence. Yellow
seedlings died within =everal weeks.  In addition, either gamctic or
zveotie, or both, inviabilities seemed to have cansed ahaont 0 33-pereent
defivieney of yvellow seedlings and about a 30-percent defivieney of alhine
seedlings,

An assoeiation wus noted between ehlorotic seedfings and multiple
cotviedons,  In the original eross, multiple cotvledons wore obhrerved on
abouf 70 pereent of the albino seedlings, 10 percent of the vellow seedlings,
and only | pereent of the green seedlings.
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Crinkled Leaf

A crinkled leaf trait similar to that shown in figure 2 was observed by
Barnes and Cleveland (data unpublished) at University Park, Pa., in
the advanced generations of a cross between diploid /. sativa and diploid
M. falcate. This trait appeared to be phenotypically similar to the one
reported in tetraploid alfalfa by Odland and Lepper (37). In clones
having a severe expression of the trait, the crinkling was apparent at all
stages of growth, but crinkling in clones with a less severe expression
became most apparent on the early aftermath growth of established
plants. T progenies segregated 13 normal to 3 erinkled, indicating that
crinkled was controlled by two genes e; and Cr,.  (The ¢; and Cr, pene
symbols were selected in order to correspond with E and (r symbols
suggested by Odland and Lepper.) Presence of ai, least one dominant
allele at each of the two loci or the homozygous recessive condition of the
two genes resulted in normal leaves. Crinkled leaf plants were produced
when one or both of the alleles at the Cr; locus were dominant, and the e,
locus was homozygous recessive.

Lutescent Cotyledons

Barnes and Cleveland (data unpublished) at University Park, Pa.,
found seedlings in advanced generations of diploid M. safiva X diploid
M. faleaiu hybrids with yellow-green cotyledons at emergence. Several
days later the color of the cotyledons usually darkened in the vicinity of
the cotyledonary axis and veins (fig. 23). About 1 week after emergence,

Figere 25.—4A, Newly emerged lutescent seedling; B, cotyledons becoming darker
green; C, normel green cotyledons. Chimeral sectoring usually is present in uni-
foliclate leaves.
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the cotyledons hecame normal green throughout. Luteseent cotyledon
appeared to be controlled by two complementary genes Ley and Lea.
Plants with the genotvpes Lo, —Le: — had normal green cotyledons;
plants with Ley—les lea, ley lew Lea —, or ley ley les Ie, genotypes had yellow-
green cotvledons. Al genetic data were obtained from cotyledon color.
However, unifoliolate and trifoliolate leaves usually had a sectoring
trait (fg. 25). The degree of sectoring varied; some plants had slight
seetoring on enly the lower leaves; others had sectoring throughout. 1t
waxs assumed that sectoring was attributable to the same genetie control
as the yellow cotyledon eolor.

Multifoliolate Leaves

Bauder (8) reported that some tetrapioid alfalfa plants had muiti-
folinlate leaves instead of the normal trifoliolate leaves. Bingham (9)
found plants with this trait in both diploid and tetraploid populations
1fig. 26). Leaflet numbers ranged from three to nine amonyg tetraploids
and three fo six among diploids.  Diploid genetic studies indicated that a
regessive gene (mf) in the homozygous condition was necessary for the
production of mudtifoliolate leaves,  Penetrance ranged from incomplete
for plants with predominately irifoliolate leaves to complete for those
with predominately muitifoliolate leaves, Differences in penetrance
were explained on the basis of two additive genes with three alleles for
curh gene,  Bingham and Murphy {/0) reported that this trait was
hizhly heritable in tetraploid alfalfa and the mode of inheritance ap-
peared similar to that at the diploid level.

Ficrne 26— Multifolnlate trait in dipleid alfalfa.  Expression is similar in tetraploid
alfulfa, {Courtesy Depurtment of Plant Breeding, Cornell University.)
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Flower and Seed Traits

Calyx Pigmentation

Clement 10 phserved flecks of anthoevanin pigmemation the. 275 on the
calyx of some diploid M. feleatn, diplowd M. sativa, aod toteaploid M.
saltrn plants. The teadt corrosponeds vlosely to one deseribed by Sehroek
8 n tetraploid plants. Tnheritanee <tudios in diploid altalla by Clement
demonstrated that ealyx pigmentation was governed by asingte dominant
gene Cp. Preliminary data in tetraplotd alfalfa indieated that piementa-
tion ix probably determined by a single dominant eene inherited in a
tetrisomic manner; however, data on critieal genemtions aee needed
Eefore this hypothests can be established.

R
iy
Froree 27~ Flower lails showing elinraeloristie fecking of ealvs pigmentation
phenoiype,

10 Crasesr, W Mo Jw, December (4, 1902, [Porsunal correspundence,!
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Flower Color

Resulis of studies of the inheritance of flower color in diploid alfalfa
have heen published by Buker and Davis (111, Cooper (/8), Cooper and
Tliott 119, 20}, and Twamley (53). The information from these studies,
as well as unpublished data from other rescarch workers, was summarized
by Barnes (3). A digest of genetic mechanisms conditioning flower color
follows. Tor the sake of brevity, further reference is not made fo
original papors.

Purple—~Chemical analyses of diploid alfalfa indicated that purple
flower color was due to three anthoeyanin pigments inherited asa unit and
rontrolied by one dominant gene (P).

Yellow.—Yellow Hower color pigments in diploid alfalfa were identified
as heing primarily xanthophyll with a small amount of § carotene
presont. Cenetic data suggested thati yellow fower color was controlled
by at least three and probably four genes with accumulative effects.
Two of the genes controlling xanthophyll were designated Y, and Y.
The other two genes were designated ¥y and ¥ but were not identified
with any specific pigment,

Pariegated — Al T and many Fa and T, progenies from crosses hetween
purple- and yellow-flowered plants have variegated flowers. This has
been shown to he due to o copigmentation of the purple piginents in the
epidermal layer of the flower with a background of yellow pigments.
Degree of variegation was shown to be influenced by dosages of purple,
vellow, and modifying pigments, and by age of fiower.

{‘ream.—The homozygous recessive condition of the four genes condi-
tioning yvellow flower color and the P gene produces a cream HBower color.
The wenolype of the cream-flowered plants did not appear to alfer the
pigruentation of other organs of the plant.

W hite —White-flowered plants were eompletely devoid of anthoeyanin
pigmentation in Howers, sceds, stems, leaves, and roots. The white
phenotype was produced by the homozygous recessive condifion of the
cotor-ronditioning ¢ gene, which is known to be epistatic to the P and Rd
FOnes,

Modifying pigmenis—Nive anthoxanthin pigments were chemically
identified in diploid alfaifa. Three of the anthoxanthins were kaempferol
glyeasides; six were quercetin glveosides.  None of the pigments appeared
to smpart a phenotypically significant color of its own, but each tended to
have a modifying effect when copigmented with anthocyanin or xantho-
phyll. The inheritance of production of two kaempferol giycosides was
controiled by two dominant independent genes designated K» and K.

No association or linkage was detected among the P, Yz, ¥z, K., and
K, penes in diploid alfalfa.

Male Sterility (Pollen-Grain Degeneration)

MeLennan and Childers (33) transferred the complately male sterile
{rait, proviously described on page 22, from the tetraploid to the diploid
level by erossing the male sterile tetraploid with diploid forms of 37,
sativa, M. falcata, and M. hemicycla Grossh. to produce triploids. Back-
(rosses to the diploid species produced 16 ehromosome plants, two-thirds
of which produced selfed progenies segregating 3 : 1 for male sterility.
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Further F» and backeross data showed that the complete male sterility
factor was governed by & single recessive gene ms;. These data indicated
that this form of male sterility in tetraploids was conditioned hy & single
gene inherited in a tetrasomic manner instead of three disomic genes as
originally postulated.

Ovule Number

Significant differences for average ovule number ner foret were ohserved
by Barnes and Cleveland (57 in plants of tetsaploid and diploid alfalfa
{Ag. 28). The average number of ovules per floret was relatively constant
among racemes of the same plant, but differed slightly among forets of
the same raceme.  In diploid aifalfa, the average ovule numbor per floret
segregated into 5 distinet ovule number classes, which averaged approxi-
mately 7.0,8.5, 10,0, 11.5, and 13.0 ovules. Four genes with aceumulative

Fieone 28.—A, Ovary having 6 ovules; B, nvary having 17 ovnles,
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et et dstneld Tor avale nnber, Thres of fhese wenes, ey, O,
drad 00 showed pearly coteplete dominanes while the foueth, O,
enterr sl penmplete damibance. The T.0-0vale el was attributed o
fr totnoy ot revessive cotadition of all Tome menes, The presenee of
nnec e e dlotadnant alleles at apy one of the Tour loet raised the average
ancde arnber per Qoret approximately B ovales,

Purple Bud Color

Mas v low-floweral alfalia plant< exhibic anthoeyanin pigment at
cher ainp L 20 Phiis pleient usmadly fades at anthesis. The ocear-
s pearpbe bud eolor tr veliow-lowered planes has heen reparted only
v roeenges of the vross. purple-floweeald ML safieg < vollow-flowered A,
o Bl Cooper 1Y and Twadey 33 obeerved this bud-color
voonent bt neither determained ir< mode of inheritancee, Barnes and
Caenclund o w determined that purple bud color required the preseuce of

Teerrs 20 0 Bl of vellow Aower with purple anthoevanin pirments o up: B,
ot elon et devard of visible anthoeyvanin praeeats. <Conetesy dgronnmy
Dlepecrtpeent. Peunsvlviog Stale University.)
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two dominant genes with complementary action and postulated genes
B and Bf, one each from 3. sative and M. faleata, respectively,

Vein Color of Standard Petal

Darkly pigmented veins occur with varying intensity in the standard
petal of most alfalfa flowers. The veins begin in the throat of the flower
and extend toward the forward edge of the standard. Because either
purple or green petal color reduces the prominence of floral veins, Barnes
and Cleveland (8) determined the genetics of vein eolor in yellow-
flowered diploid alfalfa. Some plants had veins throughout the standard
petal; others were completely devoid of floral vein color (fig. 30). The
occurrence of darkly pigmented veins in the standard was controlled by
duplicate genes 1's; gaud Vs Presence of one or more dominant alleles
produced darkly pigmented veins. The homozygous recessive condition
of hoth genes was associated with absence of vein color.  An sssociation
between pigmentation of veins in standard and wing petals was observed
hut was not interpreted genetically.

Fioure 30.—A, Floret having pigmented veins: B, fioret lacking pigmented veins.
{(Courtesy Agronomy Department, Pennsylvania State University.)
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