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INTRODUCTION

Observed segregation ratios for qualitative traits in tetraploid
alfalfa have been interpreted on doth disoaic and tetrasoaio wodes of
inheritance., In fact, gome tetrasomio ratios cannot be distinguiehed
froms dieomic ones (13) vithout intensive analysis, PFor quuntitative
trasits, erbitrarily eetublished segregation ratios in themselves are
incapable of interpretation wvith respect to mode of inberitance,

Progressive chznge and fitness in epeciee depend upon continuous
variations analogously, it may be reessonsbdly inferred that artifieial
plant isprovesent too, reste upoa the exploitation of continuous wariation,
The alfalfa hreeder, in particular, % compleasnt his art with science,
must be able tv selest superior plants with & minisua of error and thea
to combine such plants in the most effective cusdars, sad in the most
efficient manner. He must then be able fo predict the behavior of givem
comdinations in sdvanced generations. Applicatiou of the methods of
biometrical genetiecs to the solution of these problems depends first upen
a dngvledge of the mode of imberitance. The main objective of this thesis
vas to deteraine the mode of inheritance of quantitative traits in tetre-
ploid elfalfa,

Contimous weristion, hovever, ean only be studied Crough the
statistical properties of the population. PFor purposes of this investi-
gation, therefore, a statistioc we required that would be assnadle to
both theoreticsl and experimental deteruinatica., It needed to be one %o
which scae test of gignificance esould be applied. i final requirement
wag that it be a statistic with thmti:ally different velues dependent



upon mode of inheritance. These thrse reguirements, rigorously sdhered
to, set the oourss of the investigation. The genetic intra-class correla-
tion vas found to fulfill these requiremente satiafectorily in the enily-
ois of first generution selfed (85)) families. In thie theeis, tharefore,
we have sought %0 ewvsluste the =ode of inheritance, vhether dleomic or

tetrazonic, by me2ne of the genetic intra~class correlation,
REVIEW OF LITER/\TORE

Mode of Inheritance of (mantitative Traite

In an alfalfe inhreeding experizent of considerable proportionas,
Stevart (14) observed in S) fumilies 2 high degree of uniformity. He
stated that nearly 50 percent of 154 straine in the first generation of
selfing were practically homosygous for one or more characters, The
treite studied by Stewart were predominantly those showing continuous
variation; nemely, plunt height, plant vidth, angle of erectness, stem
. diameter, and leagth and width of leaflet, The unusual degree of uni-
formity vas attributed dy Etewert to rether more self-fertilisatioa than
had been believed waild normally oocur under open=pollination situatione,
Stewsrt made no attempt to drav fyros kis data eay inferencee vith respect
%o mode of inheritsnce.

Becanse traits sloving eontimicun weristion are soet igportant
sguanically, they have besa etudied extensively iun alfalfa., Among these
have been peroent leaves, cumber of steme, stea leangth, mature plent
height, grovth hadit, root type, diseacse resistance, inaeot resistance,
0old resistznce, protein content, and abi)ity to xymbiose (2). Etatisti-



cal propertiee related to the obsarved varietion in these studies were
in general not reported and no interpretations vere offered on mode of
inheritance,

Mode of Inheritance of Qualitative Treits

In contrast, where qualitative traits have been studied, a faotor-
1{al anelysis was generally sttempted, Nost of these wers based on discaie
inheritance, though in eocme cuses a tetrusomic interpretation would have
fit the dats equally well, and in other cases the studies vere not cearried
to the lengths necessary to dlstinguish aritically the sode of inkeritance.
Stanford (13), however, studying cne family of plants intensively, con-
oluded thut the family vas segregating tetrasomieally for flower oolor,
and he observed quadrivalent formstion in the sother plent, which eaabled
him to postulste the operatioc of double reduction at the flover eolor
locus, No direct confirsation of double .redvction was schieved in Stan-
ford's paper, bowever, and indeed, his oomclusions in that respect have
" besu chellenged (5).

Hore recantly, evidence has been preseuted by Tvamley (15) indi-
cating that both disocaic end tetrasomic segregation for flower color may
be operative in tetraploid alfalfa, He suggested an autotetraploid
origin for alfalfa, in vhich chromosome differentiation ambsequently
occurred to reduce the homnlogy of eertuin peirs resulting in e shift to
disomic or "semi-disomic® behavior,

Oldemeyer and Brink (11) found normel seed set and pollem in a
hybrid slfalfs eamposed of 16 ciutmoscmee from M. pedisg, and 16 chroso-
somes fros an autotetraploid M. falgata (doudled froa the diploid state).
They assumed that the N, Lslpats gencees substituted for and paired



readily vith 3. gedis cwoves. If so, autotetraploidy would be indieated
end a tetrasomic mode of inheritance should oharecterize normsl alfalfe,
No mention wvas made of the possibllity, rovever, that in the melotic celle
of the hybrid, the 16 8. faleots ehromoscmes might pair fnter ge ss 8
bivalents, :nd the 16 ¥, gedia chromoeomes likewise, 1. e. autosyndesis,
the F; thus behaving strictly as an &llotetraploid and giving disomic
ratioe,

Fore positive evidence that homology exists betveen the H. falosla
and M. aedila genomes would be provided lad normal pollen and seed set
been observed in the P} hydrid of gdipigid M. falgeps with @iploid K.
geiiva.

In the diploid alfelfa nurseries at South Dekota State College,
nornsl seed set hes deen noted in several inter—epecific hybrids during
the past two years, so the weight of the evidence, such es it 1s, tends
to suppert an autoploid origin for common tetruploid slfalfa,

Nevertheless, studles of thie kind, bearing on the origin end
muskeup of common tetreploid alfslifa, wvhile cuggestive and instructive,
agre not in themselves critical experimente so far as prevailing mode of
inheritance 18 concerved,

Cytologiecal Informstion

Gruan (4) made an extensive study of the gytology in several eclones
of (N alfelfs with particular emphasis on the fregquancy of multivalent
pairing, the amount of waristion in psiring from plaat to plant, the
degree znd cause of lagging of chronown‘u, and the effeot on meiosis of
different dates of fimmtion. His findinge showed a limited sumber of

quadrivnleats, (as did Stanford's), and ha etated that to & slight



extent autotetraplold origin ccn be assumads Crun noted that there wae
a bigh degree of pairing irrsgulsrity in his material, and he suggested
thst the specles is of recesnt origin as & tetraploid,

Mather's proposed walue of glphs, depending upon quadrivalent
fornotione, wae noted by Little to be the most satisfactory explosation
of obeerved tetraploid dnta (8). The index, elphn, wes uted by Hather -
to charactorige observed yutics as o function of chromegozal behavior
at meloesis, Alphz ie a product of two cytologicsl variables, 3 and @,
where & equals the amount of gemetic non-disjunction in 2 gquedrivalent,
and @ equale the amount of sgustional soparstion of chromatide (8).
These phenomens, jointly termed *double recucticn®, result in an increase
in the proportion of homoazygous gimetes under inbreeding. ALlphg 1a the
symbol or measure of the degree of double reduotion,

In order to have double reéuctﬁn genes on sister chromatids sust
pass to the same pole at the first divieion, This phenomencn, knowva ss
gonetic non-disjunction, 4, 1s depeucdent upan the formstion of ¢uadri-
wslents or trivelents. Then, there must be at lesst one chiassa formed
betveen the centroasre and the gene in oxder to have equationsl separa-
t4on, 9. These aytologioal processes set the atage for double reduction
end d etermine its frequency (glphs).

The value of glrha may wury from O to 1/3 depending upon the
respective values of g and 9. The range of g 18 0 to 1/3 as quadri-
vzlency variee from 0 to complete, and g changes from O to 1 as the
orose=0ver percentage fluctuates hotvun&o and 50 percent,

Cytological phenomena which effect the rwutios obteined in segre-

geting families sre wode of pairing, formation of quedriwelents, and



cuzber of chinmmets (8). In oytologicsl observztions of §. gatiyz,
Baneon found that his saterial had suoh lover quadrivalent fregueuncy than
thit on whioh Grun reported in 1951, He suggestad that the disparity in
results wis due % cne or sore faetors, such as different ecvirwmental
conditions, genotypes, or the limited ssmple emamined (5). His comolu~
sion that §. goiivg 18 & segeental alloploid was dased on, (2) the
epparent prevalenoce of disosio inheritance, (b) the possibility that
varylag mumber of chracters mey be inherited in a tetrusamic mumnner, and
(e) the low frecusncy of multivalent associetions at meiosis., Hanson
also noted that if the original plant eelected by Stanforéd had dean du-
plex for a tetrasowio purple fuctor, P, and heterogygoue for a discaic
color factor, the preeanss of ths noo-segregating purple feaily in Stan-
ford!s nursery would oot heve to depend on the gcourrence of double re-
duction, Atvood and Grun, in 1951, reported that no csses at that time
indicated tetrasmio dedavior only; bovever, eoxe retios have showg poesi-
bility of laterpretation o either disamic or tetrascaic bases (2).

Biwelent peiring was noted by Julen in a report on hsxaploid sl-
falfa (6)c Tvwenty-four bMwilents were found to peir regularly in s
é#nown allohexaploid, which was the product of tetraploid Ultune alfulfa
and octoploid N, gativm wrtificislly produced with colechicine agar, Grun
suggested that the genamie constitutian of this hexaplold vas JAALER,
wvith the ceecessity for et least ons | set pairing freely vith one } set
in entoploid fashion (4). This case is more definitive then some others
in fevor of autoploidy.

Boltan and Greemsbields reparted a diploid form of Medicago setive
that vas self sterile and cross sterile, except when crossed to diploeid



¥, lalcsis, The presence of two chromosomel eatellites in this diploid,
vhereae four satellites had been observed in tetraploid M, gativi, vas
an indlestion that tetraploid forms may be sutotetraploid (3).

MATERIALS AND METHODS

Parental Materisl

Paresntal materie) for thie study wse derived from s mirxed hybrid
population descenced through teversl generations of open pollinstion from
a cross of U, folceta by M. gutive mrde in 1914 st South Dakota Stute
College. The population hnd besn maintzined in the same location at
Brookings for sbout 40 yesrs. During mich of that time the {leld wus
part of 2 golf course, whore vegetation wae clipped regulorly close to
the ground, 4 group of 16 plunts wae chogen as & representative sample
of the population, .

Establishment of &) and Clonal Feaflles

The 16 plunts vere transferred to the greeahouse in October 1953
in order % secure self-pollinzted seed for establisiment of an §) nur-
sery the folloving senson, Preparantions were aleo made to establish en
82 generution froe one-dalf of the original 16 selections, for comparieon
and aleo for sterility studiss, UYelf pollinertions, uering sterile Cechs
nique, vare czrried on from Xovember through ipril, with verying degrees
of succese, Seedlinge were established in e fisld nursery, clong with a
set of elonal cuttings from each «f the parent selections,

The psrent clones wore studisd for cytologieal behsvior during the
time plante were in the greenhouse =snd nl.ao later vhen plants were transe
ferred to the field nursery.



Notes Taen on Morphologlosnl Traits

During August and Septeaber, vhen the plunts hed suffioient time
to exbibit their oharsoteristic grovth behevior, notes were tsken in the
field on the followving traits: grovth habit (ereetness or prostrateness),
foliage color, stez length, leaf width, leaf lemgth, and internode leagth.
Pour traits vere chosen for their descriptive qualities as to growth type
end overall growth form of the plént. These traite—growvth hzbit, stes
length, lezf' score (lesf width x leaf length), aad internode length—
had been studied before by other investigstors (see lit. rev.).

Analysis of 1954 Data

After calculation of genetic variances und cowveriunces, it was
then poesible to oalculate intra-class correlstions for each trait in
all fasilies using the first generation selfed faxilies zs class,

To illuctrete ocaleulation of £1,” the intre—class correlstion,
from an analyzis of variance assume there are g families of X plunts

each, then the form used was as follows:

Souree of Varistion o 4 58 M8 M8 EXP
Betveen Fomiliesececccoceoe 0 =1 NS I Ve+WhrkVb
Betveen Plents

Vithin Femiliescccccsee ﬂ(k - 1) HS I M

vithin Plants Froa
Clonal Analysi8e..ce0ee (08timated from ms 111 Ve
clmfl abalysis)

ak =

TO“loooooooooooooooooo.c

g



Signitianee of B I rovides evidenoe that the fwmilies are gen-
stically different; the varisnes ocEjaunt Bmasoirg the mgnitule of
the femily difference WwtWed famlly maans. &imdlarly, amang 8) femi-
1488, thare are exyactal 10 be gemwtic U ffwrences betwveen plants vith-
in families, This omm bte faund as M8 IT ~ M8 III e V.

There has been isqlated, thus, the gmmstie varisnces betumen and
vithin fuxilies. These estizmtea are the mges for celoulation of the
irtre-alass oaTelatim, If the within fumily genstisc varfance is sero,
then all plamte of & faxily i1l ressmble eash Cther very closely, and
the ry i)l be ane. On the other hand, when Vy, is very lsrge, relative
to the family varianme ¥y, r] aypraaches @aro.

The statistioal oonost of the intre-alase carrelation, ry, can
be vistalised nare olserly in the following memcart I1st X and Y de
ambers of the mxme ful)y, tut let § b & mesber of aBcther famtly, then
rry mCov XY/o/¥x * Vy ) V(x.q) SVz # Vy =« 2 Cov 1Y =B, (the within
M.‘Lvmmmo);v(m):Vx+Vz-2ch:A+B. (Cov 22 = 0 be-
caus® of no relaticnship), Sinse ¥x = ¥y = Vg, the extru variance be-
twen mesders of Aiffarent families a8 a frecticn of total variance be-
twewn them, 1.0, A/A + B, 181 V(1 7) v V(y 3N (xg) 22Cov W/ 2 Vx &
Tyye An unbdased estimate of A is critical to the ocbearved ry, for if
by chanece, A 2 0; 71 s 0, irregaress of the oise of B, Reliance mmgt
be placed on ths parents as being truly e rundom semple of the popualation,
Af the ry derived fram A and B is {0 rerreamt accurately the genetie
inrtre=nlass orrelatios of that populations



It 15 evident that ryy, the correlaticn betveez mewbers of the semo

femily, hare 1s actually intre-¢lass correlaticn (9).
Tasoretical Cetermination of Intra-~ealass Correlation

Compnrisons vere msde with theovetiorl valuez of the intra-cluss
corTelation derived by various seans. & method for determining the ry
mede use of path coefficients (17). Also, theoreticsl eritimetic nodels
vere get up and varianees ozlculuted for deteraination of intra~class
correlstions based on various aspusptions, such as disonmy, tetrasomy,
dominance, and edditive gene actione & third sethod wae the uge of an
inbreeding coefficient ratio for deter=ining the intra-class correlstion,
The uss of path cosfficients g:ve results most appropriate for Purposes
of tbis study, bence greztest reliunce was placed on this method.

1954 Diseriminant Function

After analysis of the treite 1nd§.v£dnally over &ll fumillies and
for esch family sepurately, a method of eoadining charscters was used,
that involved the cslculation of s diseriminant function (10). The
disariminant funation as uvsed in this study vas intended to serve s tvo-
f0ld purpose. In the first-placs, the werious families appeared to be
viaidly 41stinct as to type, snd yet it wae obvious thst this overall
govth form ¢cild not be expressed By ocne score exeept in a most subjeo-
tive vay. 4 sudjective seoring system would not be particularly useful

genetically hovever; a metrie score vas required. Thes discriminant
based on odbjective messureaenta, insofsr s possible, of the besic

variable traits that seened to eonatitute growtb forsm, more accuratsly
describes the cbserved waristion in fors, and does it metrieally so thet
it 18 useful in a genetic anmlynis. Secondly, since the diacriminunt ls



a8 linear combination of certain underlying variables vhich are uncorre=
lated among themmelves, the function itself behaves as a aingle variadle
in amlynis, 1.e, it possecses a tean and variance, Being tased cn the
variation of several quantitative traits, its genstic variance probdebly
results fra geno Aifferencez at many loci, randemly distribtuted over
eeversl chranosomes. Linkod gane effects tlhrus cannot be & ssriocus acuroe
of tlas; the pospible effect of oamplicated pene inmter-actions con not
te evaluated.

The intra=alass carrelation tmged on a diecrimirant fmstion vould
st to reflect, umvallahly, an eaverage bahavior of a large of the gemm
flasp in inheritance go far as mode of inberitance is canoernad,

Anslyaie of 1955 Date

The estimte of errcr Yy clomal replication was not satisfactary
in all respects) tharefare, it was Gsterminad that another get of data
shoald be Glan in such marmer as to estimmte error more satisfestarily.
Maltiple mmexewmts B the sams plant was edopted as the best method
of estimating the errors Thie awsthod of taking notes ylelded two sets
of deta for sach trait, on vhich a eomplete amilysis wvas made as befare.
The farn used in 15955 was as follovs, Ware n = mmber of families, k =
average number of plants per family, and r & Geterminations per plant:

Sowes of Vewlation  m . 35 W wEKr_

Batvoen Familieseeie cee e Dol M I v. * TVy ¢ 0y
Betveen

Ulﬁin%o...... ...n(h—l) w1l 'Q + ﬂw
Vithin Plants...s.eccccstiit(rel) MS IIT VY,

!M..........O........M

—



1955 Discriminunt Pumotion
Only three treits were used in the discriminsnt function the seeond
tise; the trait vhich wes most sffected by enviroamental viriadles being
eliminated in 1955, The new method of error estimation resulted in sta-

tistics on vhich wvalid eooolusions ocould e bamed,
EXPEEIMENTAL RESULTS

Self-Fertility

Parentsl plants used waried corsidarcbly in self-fertility; first
gmerstion selfed families rmnged in size froam 26 to 98 pients., In the
8, geneTstion, on aceount of increased self-Ancompatibility of 8 psreats,
the families were in geveral quite emall in alze, ringing froo four to
farty=three plants per frmily, lic relationedp wvas evident between uni-
foruity of progenies and readianese with which parents would set seed Dy
selfing.

Cytological Obserwvetions

In no instance were numsrous guadrivaleant formations found ia
mseiotic cells of the parent clones (Pigure 1 and Figure 2). A numbor of
the plants vere exanined at meiotic psohytene and very few multiwalent
pairings vere noted, vhich indicited thst the frecuency of double refuction
vas aleo love Incomplete umion of the chiromoeomes throughout their entire
length im the packytene stage ves typisnl of the celle exmwined (%4 gure
2). Some of the chrusosomes &pesred to- be pairing doubly tiroughout
their length in twvos snd foure, Limited number of guadriwulente were
also obgerved at diakinesis (Figure 1), 'co substantiate the findings nt

pachytene, If there had been muny multivalent foruations cuiring prophece,
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they apparently had terminalised before reasching diakinesis, Differences
in pairing relationships may be observed in the ssme plant on differemt
dstes of collection, and bdetween plants £t the sams or different dates
(4)3 therefore, obsexvations over a mumber of dsys, and involving & num=
ber of plants, would be expected to be eignifioantly different. 4s Crun
noted, alfalfa chromososes are vesy saall, a fact which may bave been
instrumentsl in partially inhibditing the formetion of quadriwnleats.

The principal effect of quairfiwalency i#2 on the rate of approach
to hamoaygosity. Doudle reduction, dependent on qusdrivelency, increaees
slightly the proportion of homozygous gemetes; and in selfing speeds up
the rate at which bhowosygosity 1z approached., Since guadrivslent frequen-
ay, though wvariable asong plsants and in tise, appears on the average to
be lov, no greast influence eun be attributed to the phenomenca of double
reduction in slfalfa; perticularly is shis likely to be the case with
quantititive oharacters.

1954 Field Data

The observations of uniformity obtulned in this study might very
well parallel the uniforsity which Stewert noted in 1931, Uniforwity
wee noted 1an some S; femilles upan visual inspection; however, with con-
tinucusly warying traite 1t is necessary to measure ané snslyse impartislly
the variabdbility in each family to detercine quantitatively how much uni-
formity they ectually exhibit,

Thi s measuyesent weas nccompliehed by cozleulsting from the data the
geaetic intre—claes correlation, ry. Since ry wes bused on varisace com-
poments, it wvas first necesssry to fiad *t.ho eppropriate mean squares fros
analywis of variance of §) feailiee and rsplieated clonzl peremis,
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Pigure 1, Camers lucida drawing of two M. sativa cells at
diskinesis showing the pairing relationships.

Figure 2. Camera lucida drawing of one M. sativa cell at
pachytene showing the pairing relationships.
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4224 Joalysls of verlange and covarienge

Variance components, necessary for the intra-class correlstions,
are to be found in Table 1,

4224 .DMeeriginsnt functico

For reasons set forth earlier, it was decided to c¢alculate a dis-
criminant function. Such a function, based on variation of several compo-
nent characters, becomes, in effect, a "super—character”, encompassing the
independent variation of its components. Statistically, it tends to maxi-
aise the genetic variation as contrasted to the non-genetic variationm,
and should normally result in a higher varience ratio than any one of the
component factors. It is importent to point out that, as calculated here,
it does not differentially effect the variances that enter into the Fpe

The discriminant function for 1954, the calculation of which is
given in Appendix A, takes the folloviug forw:

D= 37.56 (1) - 0.29 (X;) + 1 (X3) =~ 1.88(X.).

This linear equation was then axpanded by squaring both sides to
give a new equation of eymbolio wariances and covariances in terms of the
oomponent variables X; to Iu

R - [37.56 (3) - 0.29 (X)) + 1 (X3 - 1.88 (x)] 2
When the actual values of these wvariance and covariances were inserted end
algebraically sumsmated, there resulted the analysis of varience of the
discriminant itself (Table 2).



Table 1, Summary of 1954 anslysis of variance and ocveriance

e
Baures of variation )3 & 8¢ RS r

Clones:

L (Grovth Habit)

Betveen Families 15 28,37 1,891

¥ithin Femilies 3& 16012 000“
I, (Stea Length)

Betvean Families 1s 30.02 2,001

Vithin Fazilies 368 48.68 0l XR2
X,n(haf Score)

otweon Families 15 4e728.03 315,202

Hiﬂﬂn 'ﬂili‘l 3& 5, 3"092 1‘0”
X, (Insternods Length)
ABetwees Fonilies 15 183.66 12,244
Vithin Faelltes 368 255421 0.604
5 Pamilies:
I3 (Growth Hadit)

Cveeon Pamilies 18 183,96 12.26‘
¥itdin Families 990 237.00 0.29
Clmarzl Error 0.044

(Sten Leagth)

twvean Femilies 15 45.06 3,004
Vithin Famtlies 990 84.58 0,086
Cloezl Irror 0.132

l,a(w Length)

etvoan Fenilies 15 8,432.22 562,281
Vittin Yamilies 990 21,008.18 21.220
Clanal yror 14.500

X, (Internode Length)
Faniliee 15 416,47 27,765
Viehin Families 990 719.12 0.786
Clomal Error 0.694

(A Uk goRt)
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Clonal Error

Sourcs of ooveriation )s) 4 88 MS
Cloness
XX
Betveen Families 15 1.67 0.111
Vithin Pam{lies 368 7.39 0,020
X
1;%«: Families 15 -8.02 0,535
Yithin Fomilies 368 48,09 0.1
X
| — 25 40.60 2,707
VWithin Families 368 11.24 0,031
:Zm Families 15 29.19 14946
Vithin Families 368 108.5) 0.295
xe:‘tvm Femiliee 15 18.45 1,230
Vithin Fanilies 368 39.69 0,108
X
3:"‘&'.«\ Pumslion 15 32,75 2,183
Wthin Fantlies 368 241.13 0,655
imuon
g2
tween Pumilies 15 35.78 2,385
Clonal Error 0.020
xlam rllili.l 15 "1750’" -11.718
Vitiin Fenilies 990 «6.16 «0,006
Clandl Error 0.1
b §
x’n‘vmu Fantilies 15 171,46 11,431
¥ithin Families 990 24,58 0.028
Clon:l Error 0.011
Eﬁw Pumilies 15 43,75 2917
¥ithin Fanilies 990 141,41 0.143
Qooal Kror 0.295
x’:fm Fomilies 15 85.16 8,677
Vithin Famtlies 990 98.96 0.100
Clonal Rrror 0.108
Bevem Taniliee 15 . =395.88 =26.392
Vithin Families 990 792,67 0.800

0.655




Table 2, Analysis of variance of 1954 discriminant function
E A e e e —— — ]

Source of Veristieo [ 4 88 N8
Between Fanilies. eeédooe 15 770.394o04 51’39209‘
¥ithin ’a:zdl:l.on........ 990 2'211.238073 2.23305?
Vitidn PlantsceccccccccS8tinmatad 562.‘50027 1,528.40
from alonal
analysis
1354 lotaceclyss correlations

The genetic intra-class correlations were oslouleted on eech indi.
vidual trait over all fauilies, then for each fumlly separetely. The

intra=-glaes oorrTelations for 1954 are susmcrised in Table 3,

Table 3, Intrz-clsee correlaticns for 1954

o B W i Y w
? ;M hut)..............l................ 0.‘965 o0 00O 0.“
2

Stea Len“h)oooooooooooooooooooooooooooooooo 6.8910 Ty 0.35
leas Sooro 00000000000000000000000000000000 0056‘2 escee 0,28
Inurnodo oooooooooooooooooocoooooooo 0e9157 coeee 037
Dlsoriminant MO“M).ooooooooooooooooooooo 0e5285 ceccccsccee

The intre-clsse corrélations for two of the chartctere; X, (stam
length), «nd X; (internods length) were much too bigh, and this logically
resulted fros insufficlent error control. 4 measure of the lack of error
eetimation cen be geined by compariacn with intre-class correlations on
the sase acterial ssaming no «rror vhatscever. An intra-class correlation
exloulated with the assmmpiion of no error wonld be a sinimua wvalve. Ae
wvas oxplained in the sethods, measurement error and wariation due %0
¢ifferences in eculturul factors, scil heterogeneity and other unoccatrol-
lable factors should have beea accounted or by en mmalyeis of replicated
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clooal faxilies. This wneocted emaunt of varistion wes tWmlisved Gne to
Gifferantial crowvp develooent and initisztion of new adoots on vegotative—
1y rvoreguted cuttings wvithin & dlanal gemotyre. The differential growth
faoctor vas not noticeabls in the 8, families, which wvere started as peed-
1ings,

It appeers that the 1y for truits I3 end Iy (grovth hebit and leaf
ecare, reepnctively), are aare in asoard with axpected valmes, i.e, sas=
vhat dgher than the ocarresponding valuss wheTein no errar Vas assumed.

The vy of 0,5285 over all familiss far the dimrininart funetice
of the four festare=—=growth haldt, stem langth, lsaf scare, and irternode
legth—-camma? b9 ocanaidared oapletely reldable in vievw of the lock of
error control far certain of the companerts. Celemlation of the 1y for
the stem langth trgit alone gave an wmeascrmbdly high valwe. The erraw
reresented in this caloulstion wes glvem very little wmight in the dise-
ariminent funotion, «0.29 {X2), in relaticn to the other traits, sspeolal-
1y Iy, wiich was 37.56 (I,).

1t is povadble too that the errars were conpensating to a degree
that vould result in a omringful estimate, bBut until additiana) estimetes
beoams available, there is no Wy of ewaluating thds indtial figure,

1955 71914 Dxta

The wovisian for nev arrar ocalrol, made in 1955, was quile

effoctive ap mxy be sean fram results of analysis of 1955 data.

Anumdtmmmam@mdmuwm:n
the three morphological traite—I) (grovth habit), X3 (leaf scare), and
X; (ioternode length)—4n sddition to flowse color notes, are found in



Table 4¢ Summory of 1955 unelysis of wvariance snd covarisnce
-

Sourece of Variation bP 88 ns
2, (Growth Rabit)
Famildies 15 49,864.88 3932433
¥ithin Teamilies 946 38,036042 40,21
¥ithin Plant drrar 962 22,480,56 23.39
I3 (Leaf Soore)
Betveen Jumnilies 15 694,715.,09 46, 314434
¥1thin Faaildee 946 848,322,57 896,75
¥iehsn Plant Error 962 404346442 41,98
X, (Iaternode Length)
tveen Tamilies 15 104, 764024 65984428
¥ ehin Femilies 946 180, 557,02 190486
Vithin Plant Ervor 962 13,341.85 13,88
P (Purple-Lualitetive)
Betveen Pamilies 15 49,049 3.2
¥ithin Familiee 974 62,402 0,064
Pq (Purple=(uantitative)
Botveen Tamilies : 15 458,286 30,552
Sithia faztlies o4 - 741456 0.761
g (Yellowluantitotive)
Betveen Families 15 180,40 12,027
__¥itkdn YTout1tes 974 551422 0.566

Source of Covariations

1113

Betwvem Panilies 15 39,926445 2, 661,76
¥ithin Families 946 9,219.30 9.75
Vithin Plent Arror 962 408,69 0443
xlx,.
Between Fanilies 15 57,626.75 3,841.78
Vitxin Families 946 15,392.47 16427
Vithin Plant Error 962 28,31 0.03
X
%ém Pamilies 15 22,380426 1,492,02
Vithin Families 946 64,y 26010 61.93
Within Plant Exror 962 434462 0.45

(k, for 1955 datas 59.5)



Table 4. The flower color notes, taken in 1955, were clso annlyved in
order ¢o obtzin the respsctive intra-~clags correlztions, Tho cozponents
of flover color measured were P (purple-guslitstive), Pq (purple-quanti..
tative), and Yq (yellowequantitative).
1955 Plecrigigeat fungtion

A dlsariminent Nmotion wee caloulated froo the 1955 date, Wt anly
on threo traits inetesd of the four used in 1954, This ssalyeisz es pre-
eented 1in appendix A yislds the dlecrimin=nt function, DF w 1(X,) - 2.72(13)
* 3.39(,).

The procedure of spplying the discriminant to the dats folloved in
1954 wee also folloved in 1955, A summary of the enalysis of tlescdate
is presented in Table 5.

Table 5. 4nalyeis of v2riance of 1955 Meeriminant function

— — — —

Baurce of Varistion 4) 4 gg 13

Betvesn Familiesdecccecos 15 6’515087 ‘3%0”

Between Plaats 946 7,197.47 7.6}
ithin ’illlin.l TXxx

¥ithin Plunte 962 0.5
hr................

1935 Intra-clags correlations

Intre—olues correlations wvere calculated as in 1954, A sumsary
9f the intra-class correlations for 1955 mey be found in Tsble 6.

The dlscriminant funotion enloulated on 1955 data involwed mmly
three tretts, X) (grovth babit), X3 (leaf score), and X, (internods length),
olimincting the one waricble vhich ocuntributed the wost environnental



Table 6, Intraeclass coxrelations for 1955

= N — = e

Intra-class Correletions Over All Families

xl Growth wt)oooooooooooooooooooooooooooooooooooooooooooo 0.767
33 lenf 80“')o!oooooooooooo'oooooooooo'oooooooooooooooooooo 0,472
X‘ Internaie M)oooooooooooooooooooooooooooooooooooooooo 0.379
D Macrimimnt Mim)oco-ooooooooo.ooooooooooooooooooooo 0.503
4 wuu“)oonooo.oooooooocoooooooooooooo-voo..‘. 001050
’q w.wuht’.“ ececcceseccecscsscccececccsceccccccee 0a390
o1 1owQuant12ative) cecesecccscccccccocsssccccscccscscssse 0e250

:1 Rep 1.Growth H‘ut)oooooooooooooooooooooooooooooooooooooo 0s444%
2 op l=loaf Som)........................................ 0.539.
z[‘ op l~Internade M)oooooooooooooooooooooooooooooooooo 0.451%
1'1 P 2-Crovth m‘t)oooooooooooooooooooooooooooooooooo!ooo 0.446%
3 ep 2~1oaf sea'Q)ooooooooooooooooooooooooooooooooooooooo-o 0.361%
I[, mﬂp K=Internode M)oooooooooooooooooooocooooooooooooo 0.356%

¥ Caloulated ascuming Bo error

—_— —— — = = =——l=
Intra-clase Correlations for Individual Families
Family I X3 X,

0,9603 0.3978 005512
0.,7340 0.5506 062672
0,8609 0.6259 0:4139
0,7783 0.5495 0:,265
046998 0.5125 043433
0.6043 05602 0.5849
0.7667 0,6830 05755
0.7210 0.4 818 0.2752
0.“’29 OQM 0.3716
0.7766 06028 0.4681
C6662 0.,2919 04025
0.8030 0.5854 044230
0.4250 .43 0.3725
0.0227 0.4738 05026
0.7626 C.59%% 03573
09220 0.2069 0.3382
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wvarisnce in 1954, 7o determine within plent wveriation, duplicate messure-
ssats were made on esgh plant; therefore, two eete of dats for each trais
vere used in the 1953 enalysis,
Pictorial Compariscas with Intra~clase Correlations

Family 13 gave the lowest growth habit intre~class correlation on
the individual family basis, 0.4250 for 1955. This particular femily was
noticed to be especiclly variable in the field, Othere, such as families
1, 14, 15, and 16 vere reserkably uniform for growth hebit im the fleld,

Pictures vere taken to ocontrast the differences in appearunce of
fasilies with lov intra<class correlations with those ylelding high iatre-
oclass correlations, Femily 15, vhose intre-clcas correlstion for grovth
habit vae 0.7626 in 1955 contrasts with family 13 as may be seen in pio-
tures 1 through 8. Pict_uro 2 end J show close-up evidence of the wide
range in growvth type exhibited in family 13. 4in overall picturs of the
etire family can be esen &n picture {. Other fumilies exhibited wurying
degrees of uniformity with correeponoding wulues of intre-alass correlation
for the growth habit trait, Pictures, S, 6, and 7 shov uniformity of
grovth type in fimily 15 and 1, respectively,



Picture 1. Clonal parent (family 13), inter-
mediate growth habit.



growth habit,



P 13

Picture 3. &; plant (family 13),
growth habit.



Picture 4. 9 §; plants (family 13), segre-
gating growth habit.



Picture S. 83 plants (feaily 13, bounded by the
stekes), scgregating growth habit,



Picture 6. §; plants (family 15, bounded by the
stakes), uniform growth habit.



Picture 7. 9 §; plents (family 15), unifomn
growth habit.



Picture 8.

9 §; plants (family 1
1 ) unif
p B o e et

k) §



Theorstical Valuss of Intra-class Correlation
To eveluate a popwlation with respect to mode of inheritance by

mecne of genetic intra-elass correlation comparisons must de made with

.....

¥righi's peth cosfficiente
Such theoretical values have been determined for the disomic and

the tetrasomic oases, employing Vright's method of path coefficients
(17). Only the situation wherein gene effects are additive is gonsidered
(Appendix B). ,

By tbis method ry for the disomic organism is 2/3 or 0.67; wherseas,
the ry for the tetrasomic orgaaiex 1 2/7 or 0.29.

Inbreeding coaffielent rotio

A second method that was used depende on the fact th:it ae inbreed-
ing progressee more and more of the genetic vuriance comes to de betveen
famillies and lees and less within fszallies, The relutive proportiosn
between and vithin families at any given level of inbreeding 1s sz function
of ¥, the inbreeding coefficient, This relationship ozn be stated in
the form 2F/1-F} et fixation F equals 1, and the total veriance 1s twice
that under random mating snd it all lies between families, The within
femily veriance goes to sexo as 1t should when homosygosity hes been
attained (17),

The intra-claae corrslation would tims be given by 2F/2F + (1-F)
vhich vill equal 2F/1+F. This relationship is walid only for additive
genetic variance. Application to disomic plunts, vherein ¥ equale .5, (mw
1/14.5 or U.67), gave the seme value obtained from path coefficients.

for tetrasomic plants, F equals 1/6 after one generstion of



3

eelfing (Appendix B). Therefcre, as befare, ZF/IN equals 0.333/1,167
@ 0,29, the same wvalue cdtained for totrasonic tehavior by means of
sath oocefficients far the tetrusomic caso,

Aritipetds modaly

In additicn 40 other methods, zttomrts wero made to £ind theoreti-
cal values of Iy using eritlmetic modele, These models are identical to
those developed bty Mather (1949) for variances between and within F3 fan-
Qies. Using such models, there was defirite indication that daminance
wvould result in lowering the ry) in the disomic case with comrlete dam-
‘nanoe ry would fall to 0.60.

Wright (17) bas shown with path coefficients that in the camse of
donirence, ry in disanic organisms 1s equal to 04533 extension of his
famila to the tetrasomic csse gives an g of 020,

It 10 ovident that the genersl effeoct of gene interactions 1s to
lover the oorrelation betvean msmbders of the eame femily, In tetraploids
daninence may occur &8 in dinloids, Wt there aso peverzl additionsl
possibilities for gemnic interectione not ascounted for ty Wrightte
farmla, roy = 28202 (len)/lel (27),

A corerieon detueen thearstice]l valuge of intra-clease correlation
and experimentelly determined velues may be portrayed graphieelly as in
Figare 2,

Teste of Bipnificence
To 4est the validity of the Glmerwetione, it wes neceseary to make

cowariaons of @pected and cbsarved ry'*s. This uns attained vy transfer-
Datig ©f the Py values to g and applying a t-test(12). The caloulated
value of g alvzys Yields a varisnce eyuivalent to 1/pe3; therefore, it 1s
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leaf Score)
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D~ Discriminant Function

P- Purple-Qualitative
PQe Purple-Quanmtitative
YQ~ Yellow=Quantltative
1955 replicetions 1 and

2 are ldentified below
the 1line.

Figure 3. Graphical comparison of thearetlcal intra-clases correlations
with cbserved intra-class correlatlons
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possible to find a probebility level between theoreticsl eand obeerved
intre<liss correlations by using the average number of plunte per femily
as 3. Probability levels from the t~tests sre fouund in Tebdle 7.

Teble 7. Probability levels from t-test for significance betwveen
theoretiosl and observed intra-class correletione

— = —
Theoretical ry wluss:

Disomiec Tetraesamic
Ko Dominance No Duminance
0.667 0,286

Source Observed ry Probebility lewvel

1954

I} (Growvth Rabit) 0.4965 0.95 0.10

? Etea Length) é.8910 0.01 0.01

4 Leaf Soore) 0.5642 0.20 0.01

b Internode Length) 0.9157 2,01 0,01

D (Dieariminant Punctiom) 0.5285 0.10 0.05

1955

11 (Growth Bubit) Q767 0,20 0.01

X3 (Leaf goore) Vo472 0.05 0.10

X‘ Internode Inn(f.h) 0.3 0.01 0.50

D (Discriminant function) 9.530 0.10 0.10

P (Purple—(ualitative) 0.450 0.02 0.20

Pq Nrplh“&nﬁtativo) 0.390 0,01 O.‘Q

h Yellow=Quantitative) 0,250 0.01 0.50

1955: =

X} |Growth Habit-Rep 1) 0. 44" 0.02 0,20

X2 |Leef Score<Rep 1) 0.451% 0,02 0.20

X] |Grovth Bebit-Rep 2) U.38a% 0.40 0.01

X3 |Leat Score-Rep 2) V. lsb® V.02 9,20

I, |Internade Length-Rep 2) 0,356% 0.01 0.50

$Calculated on e2ch replieation separately assuming no error
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The levels of probabdility ahow a higher degree of coincidence
betveen the theoretical and the observed for the tetrasomic oase than for
the disomic case. In only two cases, in 1955, does the probsbility get
very high for the disomic case., The first 1s replication 2 of the growth
habit trait in vhich no error wme used for calculation, and the second is
the oonbined replication 1 and 2 for growth habit. This difference be-
tween replicetions 1 and 2 for the growth habit trait is undoubtedly due
to the fact that repliocation 1 wes data which was taken in 19543 whereas,
replication 2 was taken in 1955, Upon exnminstion of the scores for
individual plants it was apparent that a marked (genotype x yeur) inter-
action effect wes being manifested, This effect showed up in the error
term for X, and finally biased the cozmbined years ry upward considerably.
The fact that most casee are neither strictly disomic nor tetrasomic, but
14e generally somevhere between the two, may indicate thut both disomic
and tetrasomic behavior are operntive in detarmiuing the genetic variance
of some traits, This ocondition of joint influence by both disomy and
detrasogy mey be termed "heterosoay."”

DISCUSEION

At the inception of this study the major problem to be solved
was vhether mode of inheritance in tetzuploid alfalfa was disomic or
tetrassmic. During the course of the study it became apparent that
there vere six (6) possibilities to be oonsidered; disomy with or with-
out doainance, tetrasomy with or without doainence, tetrasoxy vith double

reduction, und heterosomy,
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In order to evaluate theae hypotheses it wams necessary to consider
double reduction, dominsnece, nsturtl selection, gene freguency, cnd the
statistioxl concupt of eampling from a norsel distribution,

Digomy with po dominsnce

In the care of disomy with no dominance, the theoretical rr walue
of 67 is fer sbove the renge of any of the observed ry's. Only the ry
for one trait in 1955, (11) growth habit, had very high probability
level of fitness to the theoretiosl, and this was explained to be due
to a large clone x years interaction, which influenced the intrs—clzss
correlation upward, There 1s 1little likelihood, in saspling froe a
oopuletion vherein disomy iz the mode ©f inheritimnce, that all observed
valuss will fall belovw the parameter 0,67, The hypothesis of discmy can-
not, on this sccount, be accepted for the quantitstive traits studied.
There i1s, of ocourse, the possibility that striot dlsoay might reeult for
a trait conditioned by only one or two loci, In the present study no
such effects were observed,

Dlpoxy with dominspoce

Additive gene sotion is the simplest mechanies that oan be zesumed
although possibly the most meeningful for contimiously varying treites
nevertheless dominance must be considered as a possibility. Complete
doainance decramnseg the theorstieal int}'a-clasa correletion to 0,53
for the disomic case, as determined by path coefficients. This value of
r7 1ies st the upper end of the renge of obssrved intra~-clcss correla~
tions. Integration of theoretical and cbserved values of the intra-
clsss correlrntion by the stutisticsl concept of the normal eurve is

dependent upon = distridution of opserved values in a norwmel fashion
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about the theoretical intra-olsse correlation as the mean, Significantly,
1f the observed valuee represented the disosic csse vith dominxnee there
would be expeoted a sampling dietridbution of these wvnlues cxound 0,53 as
the mean of thst dlstridution, Thls is not the oare.

Also, 1t 1z quite unlikely thzt complete donlnanco would be operating
to eny great degree wvith tralts which depend upon numerous geneg dietributed
over several chromogomes, Although dominant dlsomic loci may well be
operative, in gener:zl, they siould not be detected unless a trsit condie
tloned by only one or two loei were being studied. The ry's obtained
in the present study are based on sultigenic variance, and it 1g 1llogl-
cel o asgume th:t oonp.lote dominznce Gpeurztes for every such loona,
Ietregony with no dominence

Non-selective chromosomsl peiring where no dominance {s involved
in the tetraploid gives an ry of 0.29. 4 normsl ¢ietribution of sample
ry's for the tetresoaic case with no docdmince then would be centered
o0 0429 as the nean; however 0,29 i& lower than any of the observed
values, excepting one rp fer flower color, 4o matoplold origin (6, .4, 3,
11) e ovidence for a tetrocemic mode of inheritonce in tetrsplold elfal
fa; hovever, the experimentel wluss of rp obtained in tils study do not
cenfirm the bypothosie ef strict tetrasomy,

As was indie:ted sbove for di.aomi? loei, it zppears thut & eimple
trait conditioned Yy one gene zight reedily be inhorited in & Setrzsomio
fashlon; but the probubility thet the severil loci conditianing & gquan-
titative character are all tetrasomic 1s necessurily low,.

Tﬁ"&l =ith dominizce

Vith complete dominuuce (digenic Lntericticn) in the tetrmeomice



oase the intre-clwss correletion fells to 0.20. Dominance effects, if
present, may appear largely as adcitive effects in the analysie betveen
faxilies, especially when gene frecuency ie low for the dominapt allele,
This could have ocourred either at the disomic or tetrasosic level in
the present study in the case of grovth habit, It has been noted that
the original field from wvhich the paractas were taken had bsen closely
soved for several yesrs as a golf courec. Such seleotion 1s believed to
have significantly reduced the gene freguency for the upright habit (1).
The upright habit of growth has been noted to be effected by dominance.

Thus, though don.:i.msnco may anot be effective in lovering the intre=-
olase correlation apprecisbly, it would neverthelese fall in the range
0,20 to 0.29. Only one experimental value wap observed in this range
(yellov fNover eolor; ry equels 0.25). This mey well be a trait tiat
18 eonditioned by only oae or two loci, and it is recognized th:zt vhere
this simple genetic basis prevaile tetracomy my be more readily detected
by the intre-class aorrelatiocan. The r; for the more miltigenio traits
havever are not found in thie ringe, thsrefore the tetrzsomic hypothesis
&lone, with or vithout dowinance, does not sitisfactorily account for
the obrerved behuvior in the meterisl studied,
Tetrasemy with double reduction

Ao intre-clase correlation of 129 for tetrasomy oould be influe
enced wward by double reduction, howevar the conditions necessary for
1ts cosmon occurrence, ncmely a high level of guadriwslency, have not
been obeerved in this study in uny great degres.

Cytologles). examinstion st pschytene shoved pairing to be predom-

instely as biwlents. In most instances, only one quadriviisat wes
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evident, and critiezl examination showed that ckromosomes in the quadri-
walent were not fully psired throughout their length, At diskinesis
generally only one quairiwelent wes cbgerved per cell, and in some none
vas aobsarved.

Odbviously 1f doubtle reduction has an effect it is very slight,
exd sy influence ouly & few loci. This would pogeibly be evident if
those few locl happened to control a suslitative treit such es flower
oolor, but it 1g unressonable to postulate any mujor effect upon guanti-—
tative troits vhich sre eontrolled by numerous gemes over several ahrumo-
soses,

In the opinion of some wriieré, double raduction hes a mejor raole
in deterumining the inheritance pattern of the tetraploid (8), however
more recent workers reported only a slight and ineonsistent degree of
quadrivalency in alfalfa (4, 13).

Grun'e work wee especimlly definitive in describing the unpre=-
dicteble occurrence of qurdrivelents. Banson’s (5) fMedings of very
low guadrivalent frejuency lead Mum to postulete disocay, in contrast to
Stanford's (13) statement muggeeting tstresomy.

The velight of the cytological evidence does not support the theory
of tetrasomy with double reduction, therefore it sust be rejected, at
leaet in the major part, aes en mportint explunstion of the intra-class
oorrelations found in the present study,

Eserosogy

4 theoretieal wvelue representing tbe heteros =ic situstion oznnot

be found except in a most arbitrary fashion. This is true because hetero~

somy ¢=n result in ry's et any point between ihe wlues for strict



tetrasomy &nd strict disomy, dependent upon the relative contributions
of tetrasomic and disocmlc loci to the charaoter being measured.

None of the hypotheees discussed sbove can ba sccepted unreservedly
for quantitative characters for the reasons previocusly given, but hetero~
sony, defined as it 1s above, 1& s flexible enough cstegory that nearly
all the observed ryte csn be acoounted for by postulating joint coatriba-
tions 2w the trait from genes at both disonic and tetrasomic loclj that
{e, heterceony.

Recent findinge of Twamley (15), Vileie and Dudley (16), in addi.
tion to the eonclusion of Hanson that alfalfs 1s a segmentil allopolye
ploid, point te this interpretation.

It is remarkable that different workers, employing different methods
of attack on this problesm, rether unanimounsly have arrived a2t & QGumon
interpretation of the mode of inheritance in tetreploid alfelfa, This
faot, in iteelf, tends to Rnake ths hWypothesis of" heterocsomy more ascept-
able.

SUNMNARY

l. 4 study vas made of 16 8] fanilies from & mixed hydrid populee
tion to determine whether teatrsploid alfalfa behsves disomicelly or
tetrnsomically in inheritencs. ,

2, JMorphological truits, dependent upon guantitotive inheritance,
wvere studied in the field nurseary in 1954 and in 1955, Four treite—
grovth habit, stem length, lesf score, and internode length—ere studied
in 1954. Becouse of unrelisble estimate of error in 1954 only tlzee traits
—sTovth hebit, lesf ecore, und intermade length—wvere used for 1955
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saloulationss The stem length trait was subject to exoessive non=-gene-
tic wari,tion.

3., Tralts dependent upon continuous variction were used becsuse .
artificial plent improvemcnt depende upon characters exhidbiting this
type of inheritance.

4, A combination of these morphologicrl trefits wee achieved by
otloulation of a diecriainant Ninction in 195/ ead in 1955 to determine
an overall grovth type secore, and to provide e more suitadle genetic
basis for inference with respsot $o the meuining of the intra-class
correlation.

5, A method of ewmluzting mode of inhsritrnce by biomstricel
goenetic seans wus sovght and was found to be the genetic intrs—clase
ocorrelation. This statistic wus calculnted for all morpbological grovth
fors treite in both years and for three flower color traits in 1955.

6, Theoreticcl wmrlues of intre-olase cosrrelation wers fmmd by
Wright's nethod of path coeffioiumte, by r ratio of vnrisnces that wes
reslly a function of the inbreeding coefflolent, and by aritbmetio
wnodels,

7, Obaerved intra-cl:ss correlations wero traensforved to Pisherts
2, then tosted for significince with theoreticul vsiues by the t~test.

8, &1x hypotheees were oconsidered; disomy »ith or without dominanoce,
tetrasomy with or vithout dominince, tetrasowy vith doublc reduction, and
heterogonye

9. The first four hypotheses uppeir to be of limited irportance,
ap;lying peThapr in spmclal oases of treits influenced by ore or ¢ very

Cov geneg, but not in the nore generally encountered cases of multigenic



traits,

10. The f£ifth lypothosis cannot arply goncrally becoutse cytolog—
foa} observaticns have given no evidence of the conditions nocegsexy for -
a significant amount of double reduction.

1l. The majorily of obsarved intre-class correlatione far dboth
Years vere found in the range botwoer (.29 end 0467 vhere valusg may
beet be sccoamted for by pootulating joint cootriltutiems from disomic
and tetrascedc lo0d, Thug, vith the oxoeptions rrovioualy noted, it
8y be ocnoluded that hoterooayy 18 the provelling 0ode of inheritance
for the great majority of quantitaetive chaructero in tetraploid alifalfa,.



APPERDIX At DISCEIMINANT FUNCTION

Piserizinant Mogtiog for 1954

The funetion, DP, vas found ss a linesr oonbinection of the X=-
voriables, I) (Grovth Hatdt), X, (Stes Length), X4 (Leaf Score), and
X, (Internode Langth), esoh waighted by an appropricte ooefficient,
vhich wvas %0 be estinated:

DF o blll + b212 +§13+b‘x‘o

Polloving Muther (10), froo the variance and ocovarisnce analyses

a sot of simultanecus sguetions wes vrittens

bX) (A1) XjFaX) T)) BX(ALX) FeX X)) bX,(ilyY)<faX;X;) bX, (AL X)-FaX, X)) w O
bX)(AX; X-HaX; X3) bE(ARpX-faXoy) BXy(AX3XFaXyXy) bI, (AL IxfeX,X)) « O
bX) (4X)X3-Fal)X3) bYz(AXI3Pel;Xq) bX3(AX3X5FeXaX3) bX,(4XXyFeX,Xs) = O
BX) (AX)X,faZyZ;) X, (AX X MaX X,) bX3(AX3X,FeX3X;) bX (AT, X HFaX,2;) « O

vhere AX)I), X)X, etc. are total sums of squares and cross products; aXi I,
aX;X; etc. are the corresponding eums of equares ond cross products be-
tween fanilies; and § (phi) is on adjusteble quantity, whose wvalue s to

be estimated., (10) After mubetitution of 1954 dats into the cbove equa-
tions, the result auy be written as = determiazat:
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461.2 - 4200 F 9.0 - 58.8 % 512 ¢ 181.9F 22642 ~ 196.0 |
790 = 58.8 J 200e8 - 130,0 F  446,8 - 185.2 § 284.7 - 184.1

=512 + 18149 J 466.8 - 185.2 B 4405F.6 - 29442,4 F 103146 - 397.8

22642 = 1960 ¥ 29447 - 1841 F  1031.6 ~ 397.8 F 1829,7 - 1135.6

=0

The quantity # ws inserted in the matrix and the resulting deter:
ninent equated to gero in order to foroe a solution. The determinzat in

# was axpanded by matrix algedra to yleld the folloving quuartic equatiocms
33377480 - 89665,60 § + 88282,70 F° « 37392,73 @3 + 5749.74 #4 = 0,

This quartic ejuation was solved for @ by Horner's method of synthetic
division iu order to deterzine the lowest positive rcote This root wes
calculated to be 2,026167, Subatitution of the root for & into the
original ecuation then gives four simultaneous eguationse

=3492 blj «0e4l bIy ¢+ 3,18 bX3 ~ 1,71 bX( = O
=04l b1 —0.02 bX; + 0,92 bI3 - 088 bX, = 0
=3.18 bI) +0.92 bl ~ 155.94 bI3 + 2.26 bX, = 0
=171 b, 0,88 BY, ¢  2.26 bX; - 472 BX; = O

Theee equitions vere solwd by addition and subtraotion to give

El— = 37.56, .._‘.’.1.2... = =0,29, Eme—xé_l 1.88
bXy oy bl,

vhere bly 4= set equal to 1. The diserdulnant function is

37,56 (X)) = 0,29 (%) + 1 (X3) ~ 1.88 (X,).



This disoriminsut was then applied to the orlginal data which ylelded &
nev set of data for anelyseis,
Rlscrininant functiop for 1935

The same Procedure {n caloulating the discriminent was followed
es for the previous year; hovever, only three vuriebles enter intc the
1955 diserininent function, These three wmriiblee wore Xl (grovth hebit),
X, (leaf ecore), and X, (internode length). After subetitution of cums
of squares and cross products into the original ecuations, the resultant
determinunt,

(119.1 - 87.98) - <275+ 27.78) ( 72,9 - 73.08)
(«27.5 ¢« 22.7) (1583.4 - 1543,08) ( 86.2 - B6.8) =0
(729 -« 730f) ( 862 - 86.68) (298.7 - 285.3)

wag expanded to give the following cubic equations
4o645,8 ~ 12,1072 « 10,3975 - 2,92448> = 0,

in vhich § 1s found by Homer’s method %o have & value of 1.51343. Sud-
stitution of the velue for @ into the original equations gives three nev

equations,

‘13093 bxl + 14.42 be - 37058 bx4 = 0
1,/,.62 bx.l - 751082 bX3 L) “086 bX4 = 0

vhich yield a Aigeriminant function e followm:
D=l (%) - 272 (X9 + 3.9 (X,

(vben the I; wuriable is set to equal to 1).



APPENDIX B: CALCULATION INTRA-CIASS CORRELATIQY 47
BY WRIGHT'S PATI CCEFFICIENTS

--—cones entering
Marent zyoote
a\ a!ll atfat

Tetrasomic case

~~=parental. zygote

1/2
/ a? = 1/6
Ta / ——genes
A .
o : ~==garetes
x
X Y -=—=progeny
OFFSPRING CFFSPRIN] myrgote

\XI =y /

Path ccefficient diagram illustrating the calculation ef intra-class correlation
in the case of self fertilization in a tetwasomic organism,



Bymbols used in the path coefficient disgrea are explsined as followss

al - path ooefficient %o perental zygote from genes in
preceding geerntion. a' equale 1/2 vwhen f' equsle

b « peth coefficient froa perentel zygote to its comoo-
nent genes,

a =~ path coefficient fyrom component gones to gumetes,

x = path oocefficient froo gametes to progeny sygote.

P -~ intreeding coefficient in preceding generation.

¥y - correlation betwveen geuss of different gemetes.

¥g - correlation betwesn ganes of the sume gomete.

§ -~ correlation betvween gauetes .

ryy- coxrelation between progenys

k ~ level or degree of ploidy; "k" in & tetraploid = 2,

In the ovmrall diegram of the path coeffiaient determination, it
wvas not feasadble to eanter all the correlation paths, In oxder to pre=-
serve the overall picture of the entire disgras with sufficient clerity,
it vas necessary to esparete the disgram into seversl sectious for more
eritica) emplanation.

Genes in any two ghmetes froa & ®ingle 4)f pareat are correlated
to the extent of b?. a¢ mhown in sub-diagrua 1,

from sub-dlegriam 1, the complete determinztion, genetimelly, of
the initisl mon—inhred porent m:y be expressed as 4e'< & 1, from whieh

af -m
22 w 1/h = ¥ o WK [T+ (x-1)1] (18),
a' = b, aiso ben! = 1/4,

- b’, L 1/‘0

3PS
)
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- ~--genes

al at al ml

inbred
narent

—-b nmath coefficients
from zrgote to ~ametes

1:4  2:3 2:4  3:4 ——_girlnid gametes

nb=ctla-pcam 1, Tiiustration o rathvays from cenes entering
rarent zirgote to the diploid ger-tes of the
narent zygote,

—genes

—ranetes

g

ran 2, Illntration of pathways from genes to gametes
£ris rom-lete determination of the gametic
correlaticn (g).
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That this wvalue ie correct may be shown in = different mamer., Cop-
sider gemetes 112 nnd 133 togetber; it is poesidble to find the genic corre-
lotion of 8l) combinstione of two genes at = tire, thwes

gena 1 with gene 1 gives an gy which eqguals unity,

gone 1 vith gene 3 givea en p whioh eguals sero,

gene 2 vith gene 1 gives en p which egurle mero,

gene 2 vith gene 3 glves an 7 which squsls sero,
hence, once in four tizmes the correittion will egual one (1), and three
out of four times the correlation will ejusl zero (0), wherefore

Fp= (14 » 2) + (3/4 4 O) = 1/4y
as alreedy obtuined above; or we may use kright'e formuls for the detex-
mination of Fp, whare FA equale 0 and k equals 21 () =z F of common
ancestor) roaVx [ -(2e-1)r,]
Pp = V4.

With e« correlation, Fp, betuesn genes of different gametes snd
vith the walue of “g" ntﬂg (18), the correlstior, g, between gaetes
o2n be cslculated, as shovn in sub-dlcgram 2 4n which g » 402 Pp o 4 *
1/6 * 1/4 » 1/6; therefore "g", the correlation between gemetes, is the
same 28 the average F, inbreeding coefficiont, After ¥g" wes detercined
as the correlation Letween gimetes under self-.fertilisation, the corre-
lation between mny twa sibs may de found, Pirst the walue of "x", the
path from gamete to offepring, was found 28 in sub-diagrax 3.

Expressing the coaplete determination of the pygote from sube

dirvgum 3 as foliowes
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e=1/6

—ganstes

~~zygota

Sub-diagram 1, Illustration of vathways for the additive genetic
determination of the zygote.

(<

m .

~ , --—gametes

O=<—

—=mDT O 1Y

ub=diagram 2, of mathwa;r termirati an of
si ' correlatien (rI).



* +3° 4+ 22% = 1

2 (1) =1
) = 1/2 (2+g)
= = 1/2(7/6) = 3/7, vhich is the walue

of the "x" psth; then the sid correlstion {r1) eaz be finelly determined

as found in sudb-Qlagranm 4.

Tqy = XX ¢ Xgx + xpr ¢ XgT 3 4x0g
437 ¢ 1/6=22/l2 w 2/

Ty = 2707 g.3801
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