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Figure 1. Frequency distribution of F, population for resistance to black stem disease isolates. Percentage of
cotyledon petiole area showing Phoma black stem were scored from 1 (resistant) to 9 (susceptible) as proposed
by Roustaee et al. (2000b), seven days after inoculation, where 1, 0—5% petiole area with necrosis spreading
downward into the stem; 2, 6—10%; 3, 11-20%; 4, 21-30%; 5, 31-40%; 6, 41-60%; 7, 61-80%; 8, 81—99%:;
and 9, 100%
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Table 1. Generation mean comparison along with estimates of genetic effects in additive-dominance and
duplicate epistasis models

(Q) AS613 (P2) x ENSAT-B5 (P1) (&)

(?) M5-54-1 (P2) x ENSAT-B5

Item : _ (P1) (&)
MP8 isolate MP10 isolate MP10 isolate
Estimate Se Estimate Se Estimate Se
Mean of Generation
BC1 5.45172 0.4753 6.72152 0.6702 5.1951a 0.9260
BC2 5.45192 0.5242 4.3860P 0.7071 3.9908° 0.9439
F1 2.1602¢ 0.4811 3.13320 0.6148 4.45022 0.8004
F2 2.4770Qb¢ 0.4790 2.8456° 0.4310 402720 0.7720
P1 6.12132 0.4568 7.73982 0.5890 6.84682 0.7910
P2 3.7278° 0.4895 4.0478P 0.6249 6.22352 0.7828
Effects in Additive-dominance model
[m] 4.9245 0.3348 5.8938 0.4420 6.5351 0.5564
[a] 1.1968 0.3348 1.8460 0.4420 0.3116 0.5564
[d] -4.8949 1.1687 -6.0964 1.2576 -5.0159 1.9033
Effects in Epistatic digenic model
[m] -6.9661 2.3795 -4.7613 2.7234 4.2220 4.1754
[a] 1.1376 0.3317 1.8430 0.4420 0.3095 0.5671
[d] 28.5811 5.7597 22.6747 7.1518 -0.9242 10.4032
[aa] 11.8847 2.3563 10.6516 2.6873 2.2727 4,1367
[ad] -2.2968 1.5460 0.9733 2.1916 1.7813 2.9209
[dd] -19.3708 3.5704 -14.7307 4.6531 1.0657 6.5385
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Percentage of cotyledon petiole area showing Phoma black stem were scored from 1 (resistant) to 9 (susceptible)
as proposed by Roustaee et al. (2000b), seven days after inoculation, where 1, 0—5% petiole area with necrosis
spreading downward into the stem; 2, 6-10%; 3, 11-20%; 4, 21-30%; 5, 31-40%; 6, 41-60%; 7, 61-80%); 8,

81-99%; and 9, 100%. Se: standard error
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Table 2. Wald-type F-test for adequacy of additive-dominance model

() AS613 x ENSAT-B5 (J)

(9) M5-54-1 x ENSAT-BS5 (J)

Source MP8 isolate MP10 isolate MP10 isolate
Denominator ~ Wald- P- Denominator ~ Wald- P- Denominator ~ Wald- P-
df F value df F value df F value
Additive-dominance model
[a] 6.76 6.59  0.0383 12.5 26.20 0.0002 8.62 0.60  0.4577
[d] 9.02 15.60 0.0033 14.4 1495 0.0016 9.27 7.68  0.0211
Lack fit 5.80 10.21  0.0098 11.9 6.20  0.0087 8.46 111 0.3966
Epistatic digenic model

[a] 6.61 6.08  0.0451 133 2456  0.0002 9.02 0.58  0.4645
[d] 9.22 1489  0.0037 15.5 13.64  0.0021 9.66 754  0.0213
[aa] 5.78 1.24  0.3096 13.1 10.79  0.0059 9.16 250  0.1478
[ad] 5.69 134 02935 12.4 0.40  0.5386 8.60 0.36  0.5650
[dd] 5.30 29.43  0.0024 12.4 10.02  0.0074 8.67 0.03  0.8743
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Table 3. Estimation of variance components using REML (restricted maximum likelihood) in mixed linear

model
(9) AS613 x ENSAT-B5 (J) (?) M5-54-1 x ENSAT-B5 (3)
Variance MP8 isolate MP10 isolate MP10 isolate
Estimate Se Estimate Se Estimate Se

5; 0.0084 2.5007 0.0000 1.8222 1.9728 3.0204
5; 2.5925 2.0215 1.7200 1.6949 2.5597 1.0486
5AD 1.8719 0.9171 2.1503 0.8251 0.7473 0.7992
55 0.3736 0.3007 0.8473 0.3988 1.6212 0.8675
5e2 5.3624 1.1658 5.1658 1.0683 4.7905 0.9104
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https://www.uni-hohenheim.de/bioinformatik/beratung/toolsmacros/sasmacros/mult.sas

%INCLUDE 'c:\mult.sas’;
data a;
input
rep plot plant gen $ dss;
lackfit=gen;
VA=0; VD=0;
if gen="P1" then do;
a=1; d=0; group=1; end;
if gen="P2" then do;
a=-1; d=0; group=1; end,;
if gen="F1" then do;
a=0; d=1; group=1; end;
if gen="F2" then do;
VA=1; VD=1, a=0; d=0.5; group=2; end,;
if gen="B1" then do;
VA=0.5; VD=1; a=0.5; d=0.5; group=3; end;
if gen="B2" then do;
VA=0.5; VD=1, a=-0.5; d=0.5; group=4; end;

plant=_N_;

datalines;

1 1 1 P1 8
1 1 2 P1 8
1 1 3 P1 1
3 15 14 F1 1
3 15 15 F1 3
data lin3;

input parm row col1-col6;
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datalines;

1 1 0.5 0 0 0 0 0
1 2 0 0.5 0 0 0 0
1 3 0 0 0 0 0 0
1 4 0 0 0 1 0 0
1 5 0 0 0 0 0 0
1 6 0 0 0 0 0 0
2 1 1 0 0 0 0 0
2 2 0 1 0 0 0 0
2 3 0 0 0 0 0 0
2 4 0 0 0 1 0 0
2 5 0 0 0 0 0 0
2 6 0 0 0 0 0 0
3 1 -1 0 0 0 0 0
3 2 0 1 0 0 0 0
3 3 0 0 0 0 0 0
3 4 0 0 0 0 0 0
3 5 0 0 0 0 0 0
3 6 0 0 0 0 0 0

*lack of fit for additive-dominance model*/
proc mixed data=a covtest;

class gen rep plant plot lackfit;

model dss= a d lackfit

/htype=1 ddfm=kr solution;

random gen/subject=plant*plot type=lin(3) ldata=lin3;
random int/sub=plot;

run;

[*estimate [a] and [d]*/

proc mixed data=a covtest;

class group gen rep plant plot;

model dss=a d a*a a*d d*d

/htype=1 ddfm=kr solution;

random int/sub=plot;

run;

[*mean comparison*/

ods output Ismeans=Ismeans diffs=diffs;
proc mixed data=a;

class gen rep plant plot;

model dss= gen/htype=1 ddfm=Kkr solution;
random int/sub=plot;

random gen/subject=plant*plot type=lin(3) ldata=lin3;
Ismeans gen/pdiff;

%mult(trt=gen);

run;

"W

_}§‘ @L:J JNL\A\JJ bf;L;a a)u.'(..ﬂ‘ )’.’.) A)\j'f )‘ ‘Uﬁfu’ fﬁ BE I’andom b)bg )\ .l’.v guajﬁ J:J U,M_'b”)\j L;\ia.h Qjﬁ)T LS‘J"
spi Cd= Joe i repeated oS aS Al - 5l xS s andldS Jie o repeated oS 55 AIC sade e

Lm&dastjéiow@.,uadaouﬂjéjze Ol s Bld s 5 (e S a5 S g Jde S S a0l e

s R s il slize bl

repeated /group=group;
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parms
1
1)
@

1)
/lowerb=0,0,0,. . .,0;
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Abstract

Black stem disease is one of the most important fungi diseases in sunflower. Information about the
mode of heritability and the effects of genes controlling trait could be most important for selecting
breeding methods to black stem disease resistance. In this study, genotypes ENSAT-B5 and AS613
and a mutant genotype M5-54-1 with different response to MP8 and-MP10 isolates were selected and
Fi1, F2, BCy and BC; generations were made from ENSAT-B5xAS613 and ENSAT-B5xM5-54-1
crosses. Generations of crossing and parents of each set were planted in a completely randomized
design with three replications and infected by M8 and M10 isolates. With the exception of the [(Q)
M5-54-1 x ENSAT-B5 (4)-MP10] cross, the lack of fit test of simple three parametric additive-
dominance models for the [(?) AS613 x ENSAT-BS5 (&4)-MP8] and [(?) AS613 x ENSAT-B5 (J)-
MP10] crosses were significant, indicating the presence of non-allelic interactions in the inheritance of
the black stem disease resistance. In the estimated models for the different crosses, high and
significant amount of dominant effects and.-dominant~x dominant interactions suggested the
importance of non-additive genetic effects. Therefore, selection for this trait in early generation could
not be effectively successful and hybrid development is highly recommended for increasing the
resistance to the black stem disease.
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