. THE EFFECT OF GENOTYPE X ENVIRONMENT INTERACTION
| ON THE ESTIMATE OF GENETIC VARIANGES.
A COMPUTER SIMULATION STUDY =

7

gadant 2 " T‘Djoko Pl‘ajitno *) o : f
'RINGKASAN

Pcngamh interaksi antara faktor-faktor genotipe x lingkungan terhadap estimasi varians genetik dipelajari melalui
simulasi dengan menggunakan komputer IBM 870 model 135, Program komputer yang ditulis dalam bahasa FORTRAN IV
dibuat untuk sistem perkawinan design I dari Comstock ‘dan Robinson (1948). Teknik simulasi dijalankan mengikuti
langkah-langkah sebagai berikut :

1.>Sp‘esifikasi dalil-dalil untuk péﬁyﬁsunan data phenotipe vang terdiri atas tiga komponen dasar :
a Spesifikasi nilai genotipik yang mengikuti dalil-dalil genetika.
b. Spesifikasi pengaruh’ faktor-faktor lingkungan.
¢ Spesifikasipengaruh interaksi antara faktor-faktor genotipe x lingkungan.

‘2. Estimasi varians genetik.

Nl

Hasil penelitian menunjukkan bahwa intcraksi antara faktor-faktor genotipe x lingkungan hanyalah dipengaruhi
oleh faktor lingkungannya saja. Model-model genetik serta jumlah dari gen tidak menunjuklgn. pcngja;gh yang nya_ga.:

Simulasi interaksi gehotipe x lingkungan terlihat tidak cﬁkup berpengaruh terhadap estimasi varians genetik yang
bersifat aditif. Namun demikian model genetik dan jumiah gen rupa-rupanya menunjukkan pengaruh yang nyata, yaitu :
(1) timbulnya gejala bias yang bersifat lebih tinggi akibat pengaruh epistasis dan (2) varians genetik aditif pada model 10
lokus ternyata lebih besar dari model 2 lokus.

Variasi yang besar yang terlihat pada estimasi varians genetik. yang bersifat dominan lebih membuktikan bahwa

Design 1 bukan merupakan alat yang baik untuk estimasi varians genetik dominan.

Interaksi antar faktor-faktor genotipe x lingkungan terlihat jelas mengurangi heritabilitas individgll. Heritabilitas

indiviguj] antar model-model genetik maupun jumlah gen tidak menunjukkan perbedaan yang nyata.

INTRoODuUCTION
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The Measurement of genotype x environment interaction
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MATERIALS AND METHODS

through the following : d- The simulation procedure used
I, |

Pproximates the important
in this study is Carried gy

ffect and th.ird, is interactAi_on Of ge— , I8 SPeCiﬁcation

h ! _ notype by environ, Th
would be discussed in detail in the succeeding section. ’ L

- Estimation of var
nances, After (1 i
. estimated: (1) was specified, the components of the phenotypic Variance wepe

The Genetic Components

For simplicity, only two

alleles ; |
genotypic value, and thay b per locus were assumed, that each locus contributed equally to

nly non-zero epistasis was the first order interaction among loci

Additi ;
et Oft:ﬁea?oa;l D?.mmance Components. The genotypic value of each individual was generated witp
Owing parameters. Consider a locus with (m) is the mid-point between homozygous

genotypes, (d) is the deviation of ho
‘ _ mozygous genotype from (m), and (h) is th iati
heterozygoas fromAthe mid-point. The model is illustrated below : ® useriatinigtih

aa I Aa AA.

1
‘m

e—h |
—d— —>d —

The value of (h) depends on the degree of dominance such that h = 0

non-zero otherwise. If dominance is complete, (h) = (d). Thus the degre if there is no dominance, and

e of dominance is (h/d).

he dominant gene is represented
binary numbers represent one
10001000111100010011. The

ntrolled by 10 pairs of genes (10 loci model).
genes.

The genotype is expressed as an array of binary numbers in which t
by (0) and the recessive gene represented by (1). Each two consecutive
locus. Thus the genotype 2ABBcCDDeeffGGHhIL;j is represented as
above example represents a quantitative character \Vhich is co
Note that the procedure can take care of any number of

If the above example is specified, the values of m,

, : d and h, i i
value can be determined as : then for N loci model the genotyEY

o o <0 E | '
G= m+ Fkd + g th, ' (D

where: .

G is the genotypic value

0 is the number of homozygous loci

E is the number of heterozygous loci, where:

0+ E = N is the number of loci affecting the character.
d; and h; are as defined before.

f for homozygous dominant locus

k. =
S —1 for homozygous recessive locus
= 0 for heterozygous locus.
t: = 1 for heterozygous locus
! = 0 for homozygous locus.
N
m = E‘ m; ) /N
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Non-Allelic Interactions (Epistasis). The model allows for the first order non-allelic interactions.
ider two different genes each with two alleles A-a and B-b, nine genotypes are possible in diploid
Cor:;xism and eight parameters must be used to give a complete description of the differences among
O;ino;ypes. Four of these are the d’s and h’s appropriate to the two genes ie. d,, dy, h, and hy,
The other four may then be derived conveniently to correspond to the interaction between non-allelic
genes. The parameters fall into three classes i.e. :
() iab is the homozygote x homozygote interaction
@ Jab and jp,, are the homozygote x heterozygote interaction, and

0 Lp is the heterozygote x he.terozygote interaction.

Thus the components which compose the genotype AABB is dy + dy + iy AABb is d, + hy *igp
and so on. The expression of the phenotypic classes could be done by using an assignment as follows:

Complete dominance dy =rhy dy = hyligy = gy T iba = lab
Complementary genes D ody Ty hy = hy = iy = ap = jpa = Lb
Recessive epistasis : "da #dy dy = hy = iy = e

dy = hy = Jap = lab
The above classification of interaction can be extended to cover interactions between three
or more genes. However, in polygenic systems, high order interaction can be expected tp become less
and less importance. In our model the non-allelic interactions is restricted to the_ all posmble ﬁrst order
interactions (digenic interaction) only. The genetic effects which were tested in this experiment are¢
shown in table 1.

Table 1. List of genetic parameters to be tested in simulation study

Gene number - Genet_i_c—e ffect B
Additive, loci:
1 5 0 0 0 0
Aditv, complete dominant, 2 loci: - . :
) 5 5 0 .
Addi |
dd“l:e, 60% dominant, 20% epistasis, 2 loci: : "y 1 |
5
AddiliVe ‘
’ 10 1 ':
o 5 0 0 0 0
Add' g
1;1(\)@, complete dominant, 10 loci: . k . :
) 5
Adgy; '
l;l(\)le’ 60% dominant, 20% epistasis, 10 loci: * 1 | |
) > ;

¥—’///7
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Thus the model in equation (2) can be rewritten as :
Yijk=U+Gi+(l+bi)sj+eijk (4)

where ejjy is the pooling error, an-accumulation of Dij of equation (3) and ik in equation (2).

Because Yy follows the normal distribution, &) is also normally distributed with mean equal
to zero and variance o%e. In this simulation study the error effect e Is assigned by generating a normal

o K. i
independent distributed random number with mean = 0, and standjard"deviauon = ge. The value of ge
is assigned from an equation :

e = CV., x X o e . (5)

where C.V. is coefficient of variation and X is the plot mean. In this study C.V. = 10% was used.

Since the genetic correlation among full-sib individuals was equal to one and half-sib was equal
to 0.5, the b, was generated from a uniform distributed random number with the range of —1<b<l
and restrictions in the following manner :

fullsib individuals —————————_ same bi
half-sib individuals b; with the same sign
unrelated individuals ———————_ no- restriction.

The condition of the environmental effects to be tested are shown. in table 2.

Variance Estimates

By simulating the mating design 1 of Comstock and Robinson (1948), the effect of genotype x
environment interaction on the estimate of additive and dominance genetic variance were evaluated.
One hundred random male individuals, each was mated to three randomly. chosen female parents.
Five progenies were generated from each mating. The simulated field test involved a single location
with three environmental conditions. Figure 3 shows a flow chart of Design I simulation. The analysis
of variance is as follows :

Source of Variation df E (MS)

Environment (S) $ =~k 0, + 00gp + ofody + ofmo}

Males M) pom o= | 02e + °°st + ofaéM + sa(’) + SOOi: + sofaf«
Females (F)/Mm (f=1)m o} + oodp + sof) + soof

Offspring (0)/F/M ‘ (0—1)fm 0} + s0d)

S"'M =) m=1) o} + oofp + ofody

S x FM | (s=1)f~1)m o + oodp

:o’t‘alo/F/M (s=1)o-Dfm 0 |

\ sofm — |
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where
2 .
0s = error variance
q
Op = variance due to difference among females mated to the same male.
= covariance full-sib — covanam,e half-sib.
= WolA + %a D
2 s
OM = variance due to dlfferences among males
= covariance half-sib.
= Yo’A
2 L : . - . 1
00 = variance due to differences among offsprings from the same matings.
2 - : . . .
OSF = variance due to interaction between environment x females

OgMm = variance due to interaction between environment x males
s is the number of enwronments =3
m is the number of males = 100 _
f is the number of females in each male = 3.

0 is the number of offsprings in each midting' = 5

The additive and dominance variance were estimated through the following formu]as :

Additive genetic variance : 02A = 4 OM
Dominance genetic variance oﬁ = 4 (oF - 012\4)

The actual additive and dominance genetic variance were calculated through the formulas :

02" =" Z2pqild + (q; - py h) 2 , ( 6)
and
o = & (ZPiqih)? (7

where p; and q; are the frequency of dominant and recessive genes for each locus in the whole population,
i.. both were 0.5 in our simulation study. N, d and h were as mentioned before.

Table 2.  List of environmental parameters to be tested in simulation study

Seasonal effect

Case No. T e e e
e Dry Summer
1 0 ’ 0 0
2 -5 0 s
3 2.5 25 _s
4 10 ~10 0
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RESULTS AND DISCUSSION

From the definition of the phenotypic value given in equation :

the magnitude of the genotype x environment (G x E) interaction is given by the product o.f biS-.
Thus the value of G x E interaction is zero when S; is zero and is expected to be larger as the varle?bmty
among the S; becomes larger. Since variance among’S; is the indication of the differeflce among envyopt-
ment then ig can be expected that the G x E interaction will be large when the environmental variation
is large.

Other factor affecting the magnitude of G x E interaction is th(:. b;. In the same manner as the i
the larger the variation in b; the larger the G x E interaction. For this expectation, it was‘assumed. i
to have a uniform distribution range from —1 to 1. This assumption was based on the previous sfudxes
that most stability coefficient of yields in soybean varieties fall within the range of O to 2 (Buajar.em.
1978). This means that the range of (1 + b;) is 0 to 2 or —1 <b;<I. Thlfs based on the above a:ssumptpn,
the maximum value of b;S; was equal to S;. This means that the maximum value of G x E interaction
effect was equal to its environmental effect.

Another factor influencing the phenotypic value are the genetic model and the number of genes.

Estimation of Genotype x Environment Interaction Variances

In this section, the magnitude of G x E interaction variances was described as affected by different
§enetic model, number of genes and environmental effect. The G x E interaction variances were expressed
through the estimate of o2SF and 0?SM as shown in table 3.

. When there is no environmental effect (case 1) it seems that most of 0°SF and ¢?SM are not
“8nificant. Otherwise, a significant 62SF and 0®SM occured in cases 2, 3 and 4. This was in agreement
1;[ our expectation, that when environmental variation is large, the G x E interaction variances is also
(8, otherwise when environmental effect is zero, the G x E interaction will also be zero. A deep
Scussion for some discrepancies in this case, was given by Prajitno (1979).

of Using F valye 1.5 as an approximation of standard variance ratiq for comgaring the estimate
there X E interaction variances under different environn?ental a.nd .gen'etlc model,.lt seems ¥hat when
effectls an environmental effect (case 2, 3 or 4) the G x E interaction is hfgher than without t?nvuonmenta]

(case 1). Case 2 and case 3 have a similar G x E interaction, while case 4 has the highest effect.

of g '_rhere are no differences for G x E interaction variances among genetic model, and among number
ci,

k
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Table 3.

Estimate of G X E interaction variances 0?SM and ¢?SF using simulation
of Design | mating systen.

—\_\

Genetic model Case | Case 2 Case 3 Case 4
Estimate of o2§M
wo loci :

- Additive —0.48"n8 4.9]%* 4.03** 14,72%%
Dominant 0.82* , EREEL ’ 2.75%%* 17.96%*
Epistasis —0.1908 3.38*% 3.54%* 17.08*#
Ten loc{ :

Additive 0.31Ms 3.64%* 3.23%* 17.72%%
Dominant 0.10M8 2.2408 5.80%* 16.65%*
Epistasis 1.2508 6.4918 7.97%* 17.10%#
Estimate of o2 SF

Two loci -

Additive C2.23%% 2.1 1%* 1.87%% 8.44%*x*
Dominant 1.87% - 2.76%%* 3.79%x* 7.52%%
Epistasis 2.53%% 3.24%% 3.69%* 7.88%*
Ten loci - |

Additive - —1.8918 22508 3.05* 2.46%
Dominant —2,93M8 7.69% —0.08M8 9.58*x*
Epistasis 5.9408 —1.0908 —4.,6108 12.53%
ns © not significant

significant at 5% level

*E significant at 1% level

Estimation of Genetic Variances

In all of the discussion, different magnitude of
and 4 as described before.

Additive Genetic Variance ( 04 )

interaction on additive geneticvariance. Using F = 1.75
8 an approximation standard variance ratio for comparing the additive genetic variance, it was shown

that the additive genetic variance between cases 1,2, 3, and 4 were similar. This means that the G x E
interaction did not affect the estimate of additive genetic variance.
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Table 4. The effect of genotype x environment interaction on the estimate of additive
genetic variance ( 0’ A )

] Dilrect c | p 5 c 3 o A
i calcu- ase ase 2 ase ase
Genetic mode cacu

Two loci :

Additive 25.00 46.04 42.31 42.37 59.63
Dominant 25.00 48.68 39.20 46.31 34.75
Epistasis 25.00 7995 . 77.55 77.80 71.98
Ten loci :

Additive 125.00 107.02 122.70 99.82 106.92
Deminant 125.00 119.74 127.19 126.93 124.75
Epistasis 125.00 356.49 413.99 73.63 472.65

The difference was observed between oA obtained from the direct calculation using formula (6)
and 0’ A obtained from simulation of Design ! (cases 1, 2, 3 and 4). In two loci model it was clear
that 0*A obtained from Design 1 was higher than o®A from direct calculation. In ten loci model,
the results are quite similar.

In direct calculation, the environmental effect was not considered. Direct calculation is more
theoritical than estimation through Design L. Thus it is-true if different results from these twomethods
were obtained. As Empig et.al. (1972) stated that estimation through direct calculation could be used
only as a crude guide in choosing intra selection scheme.

Between genetic model, it was shown that oA under epistasis was higher than the other two
genetic model.

. One of the assumption involved in deriving the genetic interpretation of variance components
In using mating design is no epistasis, i.e. the effect of variation in genotype at any single locus is not
modified by genes at other locus. Comstock and Robinson (1952) pointed out that epistasis probably
¢aused upward bias in the estimate of genetic variances, but the amount of bias might not be large,
tbout 0.1 1o 0.25. However they emphasized also, that the matter had not been considered exhaustively‘
ancll the possibility remains that in some materials epistasis would be responsible for serious over-estimation
inl:awés proved in this simulation study. Epistas_is increased the variation of genotypic value through
'Ction among loci. This increment caused a high o’ A.

All of 6% A under ten loci model were higher than ¢®A in two loci model. This was true in this

i i . . .
Mulatiop Study since ten loci gave a large genotypic effect.

D() ] .
Minance Genetic Variance ( o*D )

1 Table S showed the effect of G x E interaction on the estimate o
Was shown th
Positiye.

f dominance genetic vari:
f : : ariance.
at most of the estimate of ¢*D in two loci model was negative while in ten loci was

Scanned with CamScanner



336

It was assy
loci the genotyp
it would be appa

med from these

models that in two loci the genotypic effect was smal) while in (ep
ic effect was high. Suppose an equal error affected both two an
rent that the two log would be much influenced by the error comp
model. Thus a Particular error that affected the two loci: model to become negative probably woulg not
bring a negative result in ten loci model. The other factor is, 62D is a function of ¢*M ang 0°F, and
it was obtained from the relation : 02D = 4 (o%F — 0*M). Thus as far as the v
parents (0°M) was higher than varjati

A negative *D. It should be noted her
did not provide 3 good estimate of

d ten loc models,
aring to the tep, loci

ariation among male
on among females mated the same male (0%F), the result would be

¢ a statement from Comstock and Robinson (1952) that the Design |
dominance genetic variance.

Using F value 1.75 a5 standard variance ratio for comparing the dominance genetic variance ynder

different environmental effect, it was shown that in average, only ¢*D under case 4 was smaller than

the other. There Were no differences between cases 1, 2 and 3. It was kn
G x E interaction variances,

variances, the lower the
did not strong enough in reducing ¢?D.

0°D obtained from direct calculation se
€ason was similar to the same case as s

In ten loci,

emed very different to 62D obtained from the simulatjon.
The r

i . . 2
hown in estimation of o2A.

Table 5. The effect of genotype x environment interaction on the estimate of dominance
genetic variance ( ¢’D )
Direct R Case ¢
Genetic model  calcu- Case 1 , Case 2 Case 3 a
lation
Two loci :
Additive 0.00 —17.19 —14.38 —10.57 -32.57
Dominant 12.50 —10.79 1.16 —12.74 - 4.19
Epistasis 4.50 —38.23 -32.99 —35.98 -26.70
Ten loci : ‘
Additive i 0.00 11.18 - 243 19.72 14.0i
Dominant 62.50 78.96 68.11 83.47 §7.l;
E;))isnjtlansis 22.50 356.16 278.56 393.92 161.82

Individual Heritability ( H )

Lol
itability, indivi itability was calculated in singl
1963) paper on heritability, individual herita ’
1 iﬂs‘f a(s)-n HHiinS:?A/(Ozp \3/11ere o'p=0a’e + 0®SF + 0*SM + 020 + ¢*F + 0’M + o*S.
plant Dbasi s =

0 (TR S . s e
ble 6 shows the effect of G x E interaction on the estimate of individual heritability H.The rang
Table 6 sho
of H is 0.20 to 0.95.
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Table 6. The effect of genotype x environment interaction on the estimate of individual
heritability (H)

—
Genetic model Case 1 Case 2 Case 3 Case 4
Two loci - 8 : |

Additive 077 0.49 0.52 0.34
Dominant 0.70 0.38 ey Y 0.51 = = 0.20
Epistasis 3. 0.95 0.68 - 0.75 , 0.36
Ten loci :

Additive 0.72 0.66 0.59 : 041
Dominant 0.50 0.45 0.48 0.33
Epistasis 0.53 10.59 0.54 0.56

Using F value 1.75 as an approximation standard variance ratio for comparing the individual
heritability, it seemed that only individual heritability under case 4 was smaller than case 1. This was
due to the fact that in this simulation study only case 4 gave higher G x E interaction variances than
case 1. Since the G x E interaction variances were component of phenotypic variance, thus such high
interaction caused high phenotypic variance. This means a reduction in heritability.

There were no differences among genetic model and number of loci.

In general, it seemed that genetic model did not Zfect the individual heritability. The G x E
interaction reduced the individual heritability if the interaction was strong enough as occured in case 4.
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AS GENETIC MODEL OF THE PARENT

¥
-

Figure 1. Flow chart of a subroutine for generating a random parent.
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( START )
DIMENSION MALE (2,10,100), IFM (2,10,300)|
I0FF (2,10,5)

+
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< §9
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-

Generate A Uniform Distributed Random -
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T

IOFF(2JJ0) |  yes IOFF(2,J,10)

is the Random Number

IFM(1) IF) <57

IFM (2,J,]M)

All Loci? no

yes

Print IOFF

<+
-

igure 2.F
- Flo .
W chart of a subroutine for generating an offspring from mating between two parents.
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Figure 3. Flow chart of Design I simulation ‘experiment.
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