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DIALLEL ANALYSIS OF HEADING DATA AND PLANT HEIGHT IN WHEAT*
BARKA% Au SOOMRO

Department of Botany and Plant Breeding. Sind Agriculture College, Tandojam.

Abstract

Detgiled genétic retrospect, with respect to degree of dominance, nature of dominance, pro-
portion of') positive to’ negative effects of ‘genes at-the loci: e‘<h1b1t1ng dommance proportion.of: dommam
to recesswegenes in the parents and the number of groups of..genes controlling the, partlcular character

, ‘five=p:

d
hal (Pakzstanﬂ Ciano-67 and Inia-66 (of Mexican origin) and the generanons conszdered were Fl F2,
Backcross and selfed backcross in a complete diallel matrix fashion.

Fox; each génera,t
was supplemented by
gldphs of parental measurements and order of domm(mce Wlth reference to mdlvuual clﬂrduw i

Summanly, onset-of-headihg and 75/, neadmg were partially dominant in their inheritance
in all the diallel-generations at both locations. .Heading-span was over dominant.in F1 (both loca-
tions), F2 (at one location and at the other dominance was complete). backcrdss (at osie Ipcation,
partial at the other) and selfed backcross (at one location, nearly complete at the other). Plant height
inherited as a partial dominant trait for all the four generations of diallel at both locations.. Complete
heading data suggested that early-heading genes were dominant over Iatp-heading ones. For plant
height, usually _shortness was found. to be dominant over tallness. The varying exceptions in all the
four characters With 1espect to diallel-generations and locations, were analysed in the form of genotype-
environment interaction.

[ntroduction

Jn. a polygenic system underlying a quantitative character. the allelic and non-
allelic interactions are the most common forms of manifestation of gene effects in
inheritance. The interaction of alleles at a given locus is known as dominance, while
non-allelic interaction, viz., interaction between genes at different loci, may take the
form of complementcuy gene, duphcate gene or other classical relationship. ~ All
these effects are generally referred to as ‘epistasis’ in biometrical genetics. Different
genotypes, défined with reference to a metrical character, do not react alike to a given
change in environment. This means that genotype and environment are not mdepen-
dent in their ‘action in producmg the phenotype. Consequent]y vari i
degree of expressmn of a character is assumed to consist of genotypic, environmental
and’ genetype environment interaction components wiich may respectively be parti-
tioned in a biometrically defined experlmental design.

The evaluation of these components of variation in diallel cross becomes quite
efficient and informative since a number of parental strains can be assessed together
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Pa.D. in genetics,




o
972 B. A. SOOMRO

with their hybrid generations. Diallel cross technique is one of the conventional
approaches used in biometrical genetics to obtain adequate information regarding
the inheritance of quantitative character. The procedure, first introduced by Schmidt
(1919), involves crossing a set of parental lines in all possible combinations, including
their reciprocals, inorder to obtain an estimation of the magnitude of genetic vari-
ability ascribable to the differences among the parental lines. The quantitative genetic
analysis of a diallel cross, based on a set of postulated assumptions, is presented and
discussed in detail by Jinks & Hayman (1953). Hayman (1954a, 1954b, 1958, 1960),
Jinks (1954, 1956), Kempthorne (1956) and Mather & Jinks (1971). By means of
pertinent parameters obtainable from the analysis of diallel cross, the mean degree
of dominance, the proportion of positive to negative alleles at loci exhibiting domin-
ance, the proportion of dominant to recessive genes in the parents and the corrlela-
tion between parental order of dominance and parental measurements, can be deter-
mined. In addition, the graphical analysis of the regression of array cevariances
(Wr) on array variances (Vr) permits the separation of true deminance from the
spurious one caused by non-allelic interaction and categorizes the parents according
to their degree of dominance.

The work reported in this article deals with such type of analysis of genotype-
environment interaction with respect to components of variation in“a five-parent
diallel cross of common wheat (7Triticum aestivum L.) for four generations and at
two locations. The purpose of the investigation was to obtain information regarding
an extent to which the genetic components of variation are affected by respective
generations of diallel cross at different locations.

Material and Methods

Five cultivars of common wheat (Triticum aestivum L.); Marquis and Chinook
from Canada, Khush-hal from Pakistan and Ciano-67 and Inia-66 from Mexico.
were used in diallel study. All possible F1 combinations were made during 1970%s
summer at Parkland farm of the University of Alberta. Following winter, some of
the Fl’s together with their parents were sown in growth chambers to make back-
crosses, reciprocal backcrosses, further Fl combinations and to provide F2' seed.
During 1971’s spring, same procedure was repeated to have sufficient number of seed
for every combination. In the fall of 1971, the backcrosses and their reciprocals
were seeded in growth chambers to have their first selfed generaion.

The whole of the experimental material, consisting of 5 parents, 20 FI’s, 20
F2’s, 80 backcrosses and 80 selfcd backcrosses (amounting to 205 different entries),
was sown in a 15 x 15 partially balanced lattice design with three replications at two
Jocations, viz., Department of Genetics Ellerslie Field Lab and Department of Plant
Science, Parkland Farm of the University of Alberta. To meet the requirements of
the design, 20 more entries were needed and since F2 is the maximum segregating
generation, each F2 combination was represented twice in each replication to com-
plete the required 205 entires. Each of the fifteen (15 x 15°) blocks in a replication
was space-seeded with 15 rows of 30 seeds each at a spacing of 30.4 cms between
rows and 15.2 cms between seeds within a row. Observations on heading date and
plant height, at each of the location, were recordéd in the following manner:

(1) Onset-of-heading, expressed in number of days between seeding date
and the date of appearance of first head in the row or entry.
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(2) Final-heading, recorded in number of days from the date of seeding 1o
the day when 75 % of the plants have beaded in a particular row.

(3) H’eading-span, measured by the difference between (1) and (2).

(4) Plant height, measured in centimeters from the surface of the soil to the
tip .of the spike on the highest tiller (excluding awns). Ten consecutive
plants per row were recorded for height irrespective of their growth per-
formance, leaving the first plant as border effects except in those rows
where the number of surviving plants were reduced to ten or less.

STATISTFCAL ANALYSIS: Entry means were calculated and then treated
as independent variables for further analyses. Missing entries were calculated
according to Cochran & Cox’s (1957) formula for the randomized block design
except at Parkland. Here, since the missing entries were less than three, the recom-
mended procedure for partially -balanced lattice design was used. The complete
set of data was subj:cted to analysis of variance for partially balanced lattice design.
This provided a single set of adjusted treatment means at each location. However,
unadjusted treatment means (original entry means as treated in randomized block)
were used in dizallel analysis. These were categorizad into four diallel scts, viz.,
F1’s, F2’s, backerosses and selfed backcrosses. )

Diallel analysis was performed in two sieps, i.e., diallel analysis for genetic
components of variation and graphical analysis of Wr (parent offspring covariance of
the rth. array) on Vr (Variance of the rth. array) to complement the former via graphical
representation. ‘In the diallel analysis for genetic components of variation, each
diallel table was subjected to tests of validity of the following assumptions (Hayman,
1954b):

1. homozygous parents.
normal diploid segregation.

no difference between reciprocal crosses.

2

3

4. no multiple allelism.

5. indspendent action of non-allelic genes.
6

uncorrelated gene distribution.

The condition of ‘honozygous parents’ in the present case could be satisfied
as the parent material was sown preceding crossing and found to be ture-to-type.
“Normal diploid segregation’ may be assured from the pedigree record of the organism
used ag experimental material. 'Waeat, though an amphi-diploid derivative of Triticum
monococcum for the ‘A’ genome (Melburne & Thompson, 1927; Zohary & Feldman,
1962), Aegilops speltoides for the ‘B’ genome (Sarkar & Stebbing, 1956; Riley et al.
1958 Sears & Okamoto, 1958) and Aegilops squarrosa for the ‘D’ genome (Kihara,
1944; McFadden & Sears. 1944, 1946; Kihara & Lilienfcld, 1949) behaves ¢ytogene-
tically as a normal diploid (Sears, 1948 ; Riley ez al, 1961). It follows, therefore, that
the assumption of normal diploid segregation could be considered valid. ‘No re-
ciprocal differences’ were checked after Hayman's (1954a) procedure of analysis of
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variance for diallel tables, where" o1gmhcancc of the componem ¢ icates failure of
this hypothesis. The remammg three conditions of ‘no multiple allelism’, ‘independ-
ent action of non-allelic genes and ‘uncorrelated gene distribution’ were checked
through the analysis of variance of Wr—Vr values for arrays of each diallel table.
Heterogeneity of Wr—Vr variances will reveal non-validity of these assumptlons

After validity checks for dbOVe mentioned conditions. -the diallel analysis for
genetic components of variation (Hayman 1954b, 1958: Jinks, 1954, 1956) was
performed on each of the diallel tables by replacing the off-dizgonal cells of the
diallel table with the common mean of the relevant cross and its reciprocal irrespective
of the significance of Hayman’s ‘¢’ component. In the F2 generation diallel, the
estimation of .genetic components .of: yariation froms-second degree statistics were
computed after Johnson & Aksel’s. ( 959): notatien déescribing,.the- average:effect
of heterozygote in. dlfferent filial generation. In case of backer 088 diallel, since the
expected mean. of apair of reciprocal.backeross isithe;same.as that of the F2 genera-
tion of a. Cross ‘betw, en. ,tWo parents Ppro; ed. the dlﬁ‘"erennal loci are mdependent n
their action. (Jmks, 1956) the. expected statistics for the analysis of backcross family
mgans .in & diallel set, assuming no-non-allelic/interaction, are the same as those
for B2 family mpeans,. A complete: dlallel table of. backcrosses therefore requires.an
amalgamaﬂon of four bac Crogses. 10 compute the appropriate means of each of
the off- dlagonal cells in the diallel matrix, Denoting Marquis, Chmook Khush-hal,
Ciano and Inia as (M), (CH). (K), (C) and (I) and taking any two parents. the appro-
priate backcross combinations can be shown to be.equivalent to the mean of the

ing F2 hy Thus the mean of M (MXCH) (MxCH)M, OH(MXCH)
and’ (MxCH) C ans is equivalent to the (MX H) F2 n, while th mean of
M(OHXM)’ (CHxM)M, CH(CF ani( V)C i
meéan of its réciprogal, i.e. (OHXM) )2 hybnd Consequently,d com
table ¢an be Constructed which will correspond statistically to the F2 dlallel tab]c
and may therefore be used for the analysis of genetic components of variation as
described by Jinks (1956). Such a table may be termed as synthetic F2 diallel table.
Similarly. a synthetic F3 dialle] table was constructed from’selfed backcross family
means. From the estlmates of genetic components of vanatlon Varlous parametcm

of dominant to recessive genes in Lhc parents and number of groups of genes con-
trolling the particular character were estimated.

The graplucal analysis of regression of Wr on Vr was performed after Haymdn
(1954b) by plotting the regression line and thé limiting parabola constructed by cal-
culating its points (Wr2=VrxVoL;) and plotting the Vr, (Wrx Vglol}  points.
The Wr, Vr graphs were supplemented with Johnson & Aksel’s (1959) standard-
ized devnauon graphs of parental measurements (Y1) and parental order of dominance

't vhere  th the Yr's and WH—Vrs from their espective means
were standardlzed by dividing them by their respective standard deviations,  An
db ss2 (Yr) and an ordinate (WrJr Vr) intersecting each other produce four quad~
rants of the graph classified as ( +,4), (—, 2 (h —) and (- The pJus and
and minus signs for (Wr+Vn) denote recessive’ and dommam cmd for Yr. they
refer to ‘high” and ‘low’ performances respectWely

_"

Experimental Results and Dlscusslon

Table 1 shows the results of the dnalysis of ,rlance of pamally bdlanced
lattice design and its efficiency as conipared to the analysis as a randomised block.
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TABLE 1. Mean square values from the analysis of variance of partially balanced tripple lattice
design with respect to four characters at two locations.

Blocks within Treatments % efficiency over
Character Replication replication (adjusted) randomized block
) + D.F. 2 2 24

Onset-of-heading 5.7305 4.9140~ * 10.3581 *» 119.205
19.8980 18.1369=» 18.2897~+ 127.013
Final-heading 14.4640 8.0242++ 17.2218%+* 118.699
204.9375 14.7080%* 19.2502%+ 108.332
Heading-span 24,0635 2.8539¢ 3.1996+ '95.829
137.0770 6.6719%* 4.6495++ 107.162
Plant height 273, 8125 - 566.9384 543,1385++ 121.334
1017.5480 524.6927** 738.0508** 99.301

First reading under each co[umn refers to Ellvrshu and the second to Parkland.

rCorrebpond;ng to mmmv values for different cluraf‘ter\ the number of D.F. have been
subtracted from error D.F. in Calf‘ulatmg mean squares.

#Significant at 5% level.
=*Significant at 1 level.

The mean squares of the adjusted treatments showed significant d1ﬁ”erences dmong
the entries. The relative efficiency of the balanced lattice design at Parkland over
randomized block was greater than that at Ellerslie.

Before proceedmg to analysis for genstic components of variation, the FlI,
F2, backcross and selfed backeross diallel tables were respectively subjcted to Hay-
man’s (1954a) analysis of variance. The results are presented in Tablz 2.

In this table, component "a’ tests the significance of additive eflects and ‘b
the dominance &ffects of genes, while ‘b1’ tests the mean deviation of hybrids from
their mid-parent values. The dominance-deviations, il predominatly in one direc-
tion, may result in significant ‘b1’ in the analysis of variancs. Componznt ‘b2 indi-
cates the extent to which the m>an dominance deviations within a given array of thé
diallel table differ from those of the other arrays. A significant ‘b2’ thus implies that
some of*the parents contain an excess of dominant alleles. Componznt ‘b3’ tests the
portion of dominance-deviations atrributable to individual particular hybrid. The
difference between reciprocal crosses is assessed by the significance of ‘¢’ and ths mater-
nal effects not ascribable to ‘c’ are reflected by ‘d’. In Table 2, each of the compo-
nem has been tested for significancs agamst its own block-interaction msan-squares,

> was not significantly different from zero in case of Fl dNHGJ but for plant height at
both locations in F2 diall.l. In backcross dizll.1tablz, ‘c’ was significant for heading-
span at Ellerslie and for plant heigint at Parkland. HAadmg -span at Parkland and
plant height at both locations also showed significant reciprocal differences in selfed
backross diallel set. Thus the assumption of no diffsrences b:tween reciprocal crosses
was considered valid after replacing the off-djagonal cells of each diallel tabls with
the common mean of the relcvant corss. Substaniial differences among the parents
are suggested by the significance of ‘a’ for all"the characters in all the diallel sets
except for heading-span at both locations in F1 and F2 diall:] and at Parkland in
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selfed backcross diallel. Similarly, item ‘b’ which measures over-all dominance
cffects of the genes can also be interpreted accordingly keeping in view the significant
mean squares for particular character at particular location and in particular diallel
set. ‘bl was significant only for final<heading at Ellerslic in backcross diallel indi-
cating directional dominance for the particular character. Significance of *b2’
confirms the preponderance of domiinant genes in some of the parents for particular
character in particular diallel set (Table 2) and significant ‘b3’ implies that specific
combining abili‘y for the concerned characters is co npardtwyly more importan® than
general combining ability when pedigree selection procedure is followed in breeding
program (Mather & links, 1971).

The assumptions of no non-allelic interaction, no multiple allelism and un-
correlated gene distribution were checked by the analyqs of variancs of Wi—Vr,
The test of homogeneity of Wi—Vr is given in Table 3. Noné/of the characters.
except plant height at Parkland in F2 and backcross dlall |-genérations and onszt-
of-heading at both locations in backeross diallel, showed heterogeneity and these
assumptions, may therefore, be considered valid. The exceptions of plant height

and onset-of~heading in the partlcular generatlon of dlallel will be considered later.

For analysis .of genetic components of variation, drray variances (VYr) and
parent-offspring covariances (Wr) over five arrays of each diallel table provided the
basis for calculating other second degree statistics presented in Table4, The estimates
of genetic components of variation obtained from second degree statistics (Hayman,
1954b; Jinks, 1956) are presented in Table 5. Table 5 supplied 35 statistics (15 Vr
of five arrays and three replications, 15 Wr, VoLg, Wolgl, VL4 and (ML;—MlLg),
for each of the diallel set and 10 constants were fitted to them (5 Fr values, D. HI,
H2, h, and E; F.was not considered as it is the mean of five Fr’s) leaving 25 D.F.
for error to test the 51gmﬁcance of genetic components; of variation. The proportlonal
estimates of the genetic parameters from Table 5 are-given in Table 6. The resuits
shown in tables 5 and 6 supported by the graphical analysis of regression of Wr
upon Vr are interpreted under separate diallel-set headings.

F1 diallel set

At both locations. onset-of-heading was inherited as a partially domindn{
trait as shown by the m:an d:gree of dominance ((H1—D}4=0.48) and the regression
line which cuts the limiting parabola above its origin (Fig. 1a). The proportion-of
genes with positive and negative effects in the parents (H2-4HI1).is 0.23 at Ellerslie
and 0.21 at Parkland, suggssung a slight asymmotry of alleles at the loci eXhlbltan
dominance: The proportion of dominant to recessive genes in the
parents [(ADH1)}-+F]< [ADH)A—F] is 1.92 at Ellerslie and 0.86 at Parklznd,
suggesting a preponderance of dominant genes in the parents at Ellerslie and equal
proportion of dominants to recessives at Parkland. The coefficient cf correlation
between the parental order ¢f dominance, i.e.. (Wr + Vr) and the parental measurc-
ments (Yr) are 0:96 and 0.66 at Ellerslie and Parkland respectivily. High positive
correlation suggests the dominance of early heading gencs over the late heading ones.
This situation is reflected in the standardized deviation graph (Fig. 2a) where all the
Yr. (Wr+ Vr)parental intercepts occupy ( + .-+ ) and (—.—) quadrants, except Khush-
hal at Parkland. Fig. la classifies Marquis as the highly recessive and Inia as the
highly dominant parents at both locations. since they lie, respectively, farthest and
nearest to the point of intersect of regression line and limiting parabola. Fig 2a
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supplements this conclusion by revealing that at both locations the highly recessive
parent contributes towards late heading (-}, quadrant) and the highly dominant
one towards early Le~ding (—,— quadrant). As far as the other parents are con-
cernsd, Chinook and Ciano, lying in (+, +) and (—,—) quadrants, may be classified
as recessive late headers and dominant early headers. Khush-hal’s order of domin-
ance seems to be affected by the environmental influence, being dominant early header
at Ellerslie (—,— quadrant) and a recessive medium-early header (—,+ quadrant)
at Parkland. The number of groups of genes (h2-+H,)==1 at both locations suggests
that atleast one group of genes control the inheritance of onset-of-heading and
exhibit dominance.
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Fig. 1. Wr, Vr graph for onset-of-heading from (a) F1 (b) F2 (c) Backcross and (d) selfed backcross
diallel sets.

—————————— O = Wr, Vr intercepts at Ellerslie.
...... A = Wr, Vrintercepts at Parkland.
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The results of final heading (Figures 1b, 2b) and heading-span (Figures Ic, 2¢)
are subject to same kind of interpretations as for onset-of-heading except for changes
in the relative positions of the parents with respect to their ranking order for domin-
ance, and therefore they are not discussed separately.

For plant height, the mean degree of dominance of 0.3 at.both locations shows
that height is inherited as a partially dominant character. The Wr’ Vr graph (Fg. 1d)
with a regression line intersecting the limiting parabola above its origin supports
the above conclusion. The proportion of genes with positive and negative effects
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Fig. 2. Standardized deviation graph of parental order of dominance (Wr+ Vr) and parental
measurements (Yr) for onset-of-heading from (a) F1 (b) F2 (c) backcross and (d) selfed
backceross diallel sets.

O = Yr, Wr-Vr intercepts at Ellerslie.

/A = Yr, Wr Vrintercepts at Parkland.
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in the parents. is.approximately the: same’ for both locations (0.158 at Ellerslie
and 0.170 at Parkland). mdlcatmg asymmetry in the distribution. of alleles .at loci
exhibiting dominance. The ratio of dominant to recessive genes in the parents is
approximately equal to one at both locauons, suggesting that the parents contain
equal number of dominants and recessives. The coefficient of correlation between
the parental order of dominance and parental measurements is 0.17 at Ellerslie and
0.07 at *Parkland, indicating weak -association. between the measurements of the
parents and the order ‘of their domindnce Fig. Id indicates that Merquis at
Ellerslie and Khush-hal at Parklandrare the most recessive parents -while -Inia at
both locations is the most dominant parent. Fig. 2d classifies the parental order of
dominance together with their height performance. It places highly recessive parents
Marquis (at Ellerslie) and Khush- hal (at Parkland) into (+,-+) and (—,+) quadrants,
showing that the recessiveness of the former is responsible for tallrgss, while the
recessive gencs of the latter carry effects decreasing height. The position of Inia
in the (—,—) quadrant at both locations suggests that it conteins a preponderance
of dominant genes contributing towards shortness. The rankmg order of Ciano
appears to be influenced by location effects. At Ellerslie, it is highly dominant,
contnbutmg towards reduced helght while at Pdrkland it has an excess of recessive

F, Diallel set

The mean deg1ee of dominance (0.55 at Ellerslic and 0.75 at Parkland) indicates
that the character is partially dominant at both locations. This is also shown by the
regression line in Fig, 3a which ‘intersects the limiting. parabola above.the origin.
The proportion of positive to negative alleles in the parents at loci exhibiting domin-
ance is approximately 0.25, indicating equal proportions at .both locations. The
proportion of dominant to recessive genes in the parents is 2.3 and 1.03 for Ellerslie
and Parkland, suggesting a preponderance of dominants in the parents. Fig. 3a
shows that Marquis is highly recessive ar both locations. Ciano at Ellerslie and
Inia at Parkland rank as the two most dominant parents. The coeflicient of correla-
tion between Yr and (Wr+Vr) is 0.96 at Ellerslie and 0.87 at Parkland suggesting
that most of the negative genes (for early maturing) are dominant. * The distribution
of parents with respect to order of dominance is shown in standardized deviation
graph of Fig. 4a. Marquis and Chinook at both locations fall into the (-+, +) quad-
rant indicating that they contain mostly recessive genes responsible for lateness while
Khush-hal, Ciano and Inia fall into the (—,—) quadrant and are therefore early
heading dominant parents. The number of groups of genes controlling onset-of-
heading has been estimated as2.303 for Ellerslie-and 1.52 for Parkland indicating
at least two groups of genes, exhibiting dominance, control this character.

The results of the analyses for final heading (Tables 5, 6; Figures 3b, 4b) and
and heading-span (Flgures 3¢, 4¢) can also be interpreted accordmgly keepmg in
mind the relative ranking orders of the parents for dominance or recessiveness. Any
change in theé distribution of dominants and recessives would be attributed to en-
vironmental effect of inter-location type.

.., Hor plantsheighty the components-of variation, D, H1, H2 and E-were signi-
ficantforEllerslie but none’ except D ‘were significant at Pdrkland Heterogeneity
of Wr—Vr values (Table 3) implies either non-allelic interaction, multiple allelism or
correlated gene distribution. In case of corrclated gene dlstnbutlon the Wr, Vr
curve is convex upwards and the mean degree of dominancé is’ “seriotsly inflated,
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Fiz. 3. Wr. Vr graph for final heading from (a) FI (b) F2 (¢} backcross and (d) selfed backcross
diallel sets.,
---------- () == Wr, Vrintercepts at Ellerslie.
..... o) = Wr, Vrintercepis at Parkland.

giving an impression of apparent over-dominance (Hayman, 1954b) in a situation
where, in fact, partial dominance exists. In the case of multiple allelism, the effects
are extremely complicated. Models to explain the consequences in terms of Wr, Vr
ﬁraph are awaiting. It might show spurious dominance {Hayman, 1954b) by scatter-
ing the Wr, Vr points and thus causing their mean (VIL2, WO0L02) to lie inside and not
on the limiting parabola. No'l-?llehc interaction of the complimentary type distorts

the 'Wr, Vr graph, inflates the (H =~D)4 and depresses ( r12/H7) but has very lirile
effect on the estimator of gene ﬂwquency A duplicate type of gene interaction
depresses (n2/HZ2) by increasing the proportion of dominants but does not alter
(H,;/DY. (H2/4H1) and the Wr. Vr graph.
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Considering the various effects of three above mentioned conditions, and
examining the Wr, Vr graph for plant height at Parkland (Fg. 3d) we come to the
conclusion that there is actually no non-validity of any of the above mentioned hypo-
theses. This is because the regression of Wr upon Vr is not significantly different
from unity, the array Wr, Vr intercepts do not show any convexity upwards or down-
wards and there are no serious effects on the estimates of genetic parameters (Table 6).
Our conclusion is supported by the fact that all the estimates of genetic components
of variation at Parkland except D are non-significant (Table 5). The only reason
we might give for the heterogeneity of Wr—Vr over the arrays is a strong environ-
mental effect.
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Fig. 4. Standardized deviation graph of parental order of dominance (Wr+ Vr) and parental
mee;.flirements (Yr) for final heading from (a) F1 (b) F2 (c) backcross (d) selfed backcross
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O = Yr, Wr4-Vr intercepts at Ellerslie.
LA = Y WrhVrintercepts at Parkland.
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At Ellerslie, plant height is inherited as a partially dominant triat since ‘the
mean degree of dominance is 0.27 (see also fig, 3d). The proportion of positive to
negative alleles at loci exhibiting dominance is .0.18 indicating asymmetry while
the proportion of dominant to recessive genes in the parents is 1.2, i.e., close to eugality.
The coefficient of correlation between the parental order of dominance and parental
measurements is 0.75 at Ellerslie and 0.08 at Parkland indicating that the genes con-
tributing towards shortness are mostly dominant. With respect to parental order
of dominance (Fig. 3d & 4d), Marquis rates as the highly recessive parent for tallness
at Ellerslie and Khush-hal likewise at Parkland. Ciano ranks as the most dominant
for shortness at Ellerslie and similarly Inia at Parkland, Examination of figure
4d reveals that though Marquis and Khush-hal rank as the highly recessive parents,
Khush-hal nevertheless contributes towards reduced expression of the character
(+,—) as compared to Marquis (+, -+ quadrant). Ciano and Inia rank as the most
" dominant parents for shortness because of their position in the (—,—) quadrant.
Chinook, contributing towards tallness; has recessive and dominant genes in equal
proportion,
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Backcross diallel set

The mean degree of dominance (Table 6) and the regression of Wr upon Vr
(Fig. 5a) at both lgcations show that onset-cf-heading is partially dominant in inerit-
ance. Table 3 showed Wr-Vr heterogencity which can be ascribzd to either non-
allelic interaciion, multiple allelism or correlated gene distribution. Tt could be
ascertained from figure Sa that the regression line does not deviate significantly from
the expected unit slope and the Wr, Vr graph does not appear to be distorted. There-
fore the question of non-validity of any of the above-mentioned assumptions has been
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ignored. The general quantitative genetic interpretation with respect to inheritance
pattern of onset-of~heading (Figures 5a, 6a), final heading (Figures 5b, 6b) and head-
ing-span (Figures 5c¢, 6¢) may accordingly be followed keeping in view the estimates
of the genetic parameters, position of the parents on the regression line with respect
to limiting parabola and the occupancy of the quardrants of standardized deviation
graphs.

For plant height, all the components of genetic variation except D were non-
significant at both locations. The Wr-Vr heterogeneity at Parkland (Table 3) has
been ignored, since the regression of Wr upon Vr is not significantly different from
unity (Fig. 5d) and the Wr, Vr arary-intercepts do not show distortion. Because of
the non-significance of components of variation, interpretation of proportional
estimates and geneitc parameters will be meaningless (Hayman, 1954b; Mahter &
Jinks 1971). However, the mean degree of dominance may be given as (H;/D)%< |
indicating partial dominance (see also fig. 5d). The correlation between the parental
order of dominance and parental measurements is 0.32 at Ellerslie and —0.607 at
Parkland. The positive correlation at Ellerslie indicates that genes for shortness
are mostly dominant; the negative correlation at Parkland that genes for tallness are
mostly dominant (see alro Fig. 6d).

Selfed backcross dialiel

The ratio (H;/D); {1 for onset-of-heading at both locations shows that the
dominance is partial (see also Fig. 7a). The estimate of (H2/4H1)=0.21 at Ellerslie
and 0.24 at Parkland implies soms asymmetry and equal proportions of positive and
negative allele eflects at Ellerslie and Parkland, respectively. The proportion of
dominants to recessives in the parents is » 1 at both locations indicating thus a pre-
ponderance of dominant genes. (h%/H,)> 1 at both locations suggests that at least
two groups of genes exhibiting dominance contribute to the control of onset-of-heading.
The coefficients of correlation betwezen parental order of dominance and parental
measurements (0.916 at Ellerslie and 0.687 at Parkland) indicate that earliness is
dominant over lateness. Fig. 7a shows that Marquis at Ellerslie and Chinook at
Parkland are the tost recessive parents while Khush-hal at both locations is the
most dominant one. Fig. 8a places Marquis and Chinook in the (+, +) quardrant
indicating that the lateness of these parents is associated with recessive genes. Khush-
hal, Ciano and Inia occupy the (—.,—) quadrant at both locations. suggesting that
these parents are early maturing dominants.

The interpretations from Tables 5 and 6 for final heading (Figures 7b, 8b)
and for heading-span (Figures 7c. 8c) may be made in the similar fashion. The
changes in the relative position of the parents with respect to their order of dominance
at the two locations could be attributed to environmental effects of interlocation type.

In case of plant height, the ratio of (H;/D): <1 at beth locations indicates
that the character is inherited as a partially dominant triat. Since all other com-
ponents of variation except D and E are non-significant at both locations (Table 5),
the interpretation of the proportional values of genctic parameters is meaningless.
Fig. 7d classifies Ciano at Ellerslie and Khush-hal at Parkland as the most recessive
parents and Chinook as the most deminant at both locations. Fig. 8d indicates that
the most dominant parent (Chinook) at both locations, contributes to tallness, while
the most recessives (Ciano and Khush-hal) contribute to shortness: i.e.. the order



112 8.A. SOOMRO

-~
. ,;,i»
e e
A%
i <%
I o
¥ ey
Wotor H ///, -
i Vs ¥
' R
] Py
1 s
k) =, >
H s s
i A 7 5
1 o
1 pid
i S8
1 g4
i Vi
P y
F bz fod070 v 000053 / y ) ‘
o i v e b1 5 1553 4 OTEE
‘‘‘‘‘ bxja:gun ooy : // B NN FETA PN A
;///" !
1/ !
17 |
i v '
5 Vi i v,
w Viiz (»)
i
{Wa
H
P
{
i
{
w
'son | =
| / H
1 Py :
{ /5// t
1 VAN ]
el
U ! /
i ,// 1,77/ H I /P WPIT S -
[ / I R N I, : T oe9070 4 o141
i // [ A S T - LT -1 / H -
1% . ; ' iy 4
i 1 1/ '
i ' i i
3 1
| , [ ;
i ! H H
! i : H
L ! Va, : \; Vo

=
o

(4)

£
=
w

()

Fig. 7. Wr, Vr, graph for plant height from (a) F 1 (b) F2 (c) backcross and (d) selfed backcross
diallel sets.
() = WI, V1 mtercepts at Ellershe
<A\ = Wr, Vrintercepts at Parkland.

of dominance of the parents is negatively correlated with their-measurements: The
most recessive parent at Parkland (Fig. 8d) pOssesses an excess of dominant genes
(—,— quadrant) at Ellerslie. Inia with an excess of recessive genes at Ellerslie (—;+
quadrant) appears to have a preponderance of dominants at Parkland (—,—quardrant).
Marquis, recessive at Ellerslic becomes dominant at Parkland. ‘The ranking order
of Ciano and Chinook remained unchanged.
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Fig. 8.

Genotype-environment interaction

This section of the experimental results deals with the comparison of the esti-
mates of genetic components of variation obtained from the andlysm of four diallel
sets- over two locations. The genetic components of variation, j.e., ‘D’, ‘F’ and
‘H1’ were considered themselves as variables and factorially analysed over genera-
tions and locations inorder to study their consistency over the two environments.
Before performing the ‘factorial ANOVA’, the values of genetic components for each
character were standardized at each location. Thus each D value was divided by the
VOLO for the same character,” generamon and location. Similarly F’s were divided
by their corresponding mean covariances (WOLOI in F1 diallel, WOLO2 in F2 and
backcross diallcls and WOLO3 ii the selfed backcross diallel) and H1’s by their res-
pective mean variances (VIL] in F1 diallel, V1L2 in F2 and backcross diallels and
VIL3 imethe selfed backcross diallel). Thus, for example, the F for plant height
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at Ellerslie in the selfed backcross diallel set of Table 5 was divided by the corres-
ponding WOLO03 from Table 4 (at Ellerslic) as follows: —4.1831=-243.1029=
—0.0172. The aim of such standardization preceding ‘factorial ANOVA’ was
to normalize the scale differences for different characters. For example, heading data
were taken in number of days and plant height was measured in centimeters. The
use of these Cifferent multipliers in normalizing the scale-effects not only preserved
the order of magnitude of respective parameters but also homogenized the inter-
location scale differences into a common proportional variable.

The process of standardizing the scale is analogous to Allard’s technique.
where prior to factorial ANOVA, each variance and covariance was divided by
VOLO of the respective block for that character (Allard, 1956; Crumpacker & Allard.
1962). In the present study the additive (D), dominance (H!) and additive x domin-
ance (F) components are subsequently considered separately and analysed inde-
pendently for their stability over generations and locations. The reciprocals of the
variances of the parents, of the array mean variances and of the array mean covariances
were therefore used as weights in standardizing the values of D’s, HI’s and F’s res-

pectively.

The factorial ANOVA of weighted values of D’s. H’s and F's is given in Table 7.
The results show that additive effects of the genes (component D) are the same for two
locations. Dominance gene effects (component HI) and additive x dominance
effects (component F) differ significantly at the two locations. On the whole, genera-
tions do not seem to affect the values of genetic components of variation. Significant
mean squares for location with respect to H1 and F raises the question of hetero-
geneity of location effects on the parameters in different generations. To answer
this, the unweighted values of D’s, HI’s and F’s at Parkland were respectively re-
gressed for each generation upon those of Ellerslie, and the sum of squares of devia-
tions were partitioned into variation due to regression and remainder (error). It
may be pointed out that unweighted values of genetic components of variation were

TABLE 7. Factorial analysis of variance of genetic components of variation over generations
and locations. The sum of squares are respectively partiticned for D, H1 and F,

Component Source of variation D.F.  Sum of squares Mean squares F ratio

D Locations 1 0.14331 0.14331 1.10820
Generations 3 0.03176 0.01055 0.08164
Locations x Generations 3 0.07301 0.02433 0.18820
Error 72 9.31106 0.12932

H1 Locations i 10.38381 10.38381 777135 %%
Generations 3 2.16681 0.72227 0.54056
Locations x Generations 3 1.10066 0.36688 0.27548
Error 72 96.20391 1.33616

F Locations 1 15.78510 15.78510 7.34709 =+
Generations 3 7.28304 2.42768 1.1302]
Locations x Generations 3 0.43955 0.14651 0.06821
Error 72 154.65565 2.14799

»#»*Significant at 0.1 %, level of probability.
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TABLE 8. Analysis of variance of regression of genetic components of vaxaﬁatlon of Parkland
upon those of Ellershe for each generatlon

A

Compqn"en; g Jource of variation: ,:D.,F.;’gMean squares  F. value

Additive Fi diallel  Due to regression 1 228 57,5229 45 8.6540%¢+ ¢y = (.9990
component (D) Z Dueto error 8 49,9399 b = 1.0658
F2 diallel  Duetto regression - 1 22779217663 3549.9323%%* ¢ =  0.9998
Due to error 8 64,1682 b = 1.0603
Backcross  Due to regression 1 228207.7135 4597.8009%** r =  {.9990
diallel Due to error 8 49,6341 b = 1.0630
Selfed back- Due to regression i 229349.4236 4251,7073*** r = 0.9990
cross diallet Duetoerror 8 53,9429 b = 10642
‘Dominance  Fl diallel  Due to regression 1 15329815  81.7304%¢% r = 09534
component (H1) Due to error 8 18.7562 b = 0:8233
F2 diallel  Due to regression | 20018299  391.1351**e r = 0.9898
Due to error, 8 5.1180- b = 13637
Bgckcross Due to regression { 2619.8806  74,1992%%% r =  0.9500
diallel Due toerror 8 35.3087 b = . 2.4385
Sélfed back- Due to regression | 4121566 . 39.0566*** r = , .0.9109
. ~cross diallel Due to error '8 10.5528 b = 10823
Additive x ¥1 diallel Due to regression 1 8129743  80.8326**+ r = 09538
domnance Due to error -8 10.0575 b = 0.4664

component (F) : : . )
F2 diallel . - Due to regression i 11901414 31.2178%** r = —-0,8921
Due to error 8 38.1237 b = —1.4409
Backcross Due to regression i 40.3149 2.8143 r o= 05100
diallel Due to error 8 14.3248 b = 0.3220
Se fed back- Due to regression 1 8.6977 0.8605 r, = 0.3098
Cross Due to error 8 10.1077 b = . 0.3603

»*#Significant at 0.¢1 level,

used in regression analysis since the effect of. change in:the .degree of ‘expression of
one character relative to the other can be studied regardless of the unit of scale used.
Extremely high variance ratios (Table 8) for the parameters D and HI, and close
agreement between the coefficients-of -correlation and regression, both in sign and
magnitude, indicate stability of these parameters over the two locations. The case
of parameter F is rather confusing. The diallels based on backcross and seifed
‘backcross generations show-a lack of correspondence between F values at two loca-
tions (variance ratio for regression non-significant). This may be ascribed to a
change of relationship between additive and dominance gene effects (F = 3;dh) caused
by altered environmental conditions. A more drastic relational change is between
Fl and F2 generations of the diallel sets (r=0.95, b=047; and r —0.89, b=
«=1.44, respectively). It is rather difficult to think of a ]oglcal explanation” for this
reversed relationship.
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