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Abstract

The purpose of the study was to evaluate the relationship between the genetic
(GD) and phenotypic (PD) distance of parents and the specific combining
ability (SCA) and mid — parent, heterosis, (MP).

The experiment comprised (8) cultivers of tetraploid wheat (Triticum durum
Desf.) and (15) hybrids obtained by crossing in a (linex tester) scheme. Parents and
hybrids were planted in the botanic experimental station, in the Agricultural and
Forestry Collage of Mosul University, conducted in a randomized complete block
design (R. C. B. D.) with three replications during the growing season (2010 — 2011),
(2011 — 2012). SCA as well as at mid parent heterosis (MP) were estimated for
quantitative characters, GD and PD values were investigated between pairs of parental
genotypes. GD was evaluated by using randomly amplified polymorphic DNA
markers. The ratio between the general combining ability components to that of the
specific one revealed that the non-additive genes effects were more important in the
inheritance of all the studied characters. Most of hybrids showed desirable or highly
significant (SCA) and heterotic values at (MP) for most studied characters. As well
as, a highest genetic distance determined between cultivars; 3(Azeghar— 1) and 6
(Acsad— 65) and the lowest between cvs. 2(Leeds) and 4(Doma— 1) by using (Nei
and Li 1979). (Non-significant correlations were observed between genetic distance
(GD) as well as (PD) with both: the amount of SCA and heterosis for grain yield,
wherase the correlation coefficient between(GD) and heterosis for these characters
had apositive and significant value.

Keywords:, Mid — Parents Heterosis, RAPD — DNA Marker

Introduction
Wheat is one of the most important and strategic crop all over the worlds. It is
the most widely grown and consumed food crop of the world cultivated on alarger
area. And produce more tonnage of food. (KrystKowiak et a 12009) reported that
wheat contributes more calories and protein to the diet than any other cereal food
crop, (Subhaschandra B.,2007).
However, total wheat consumption has drastically increased due to over population
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growth by about (2.5%) a year. This reflects the size of the problems and the efforts
needed to increase wheat production. Thus, increasing production per unit area
appears to one of the important factors for narrowing the gap between wheat
production and consumption, (Gad, 2010). The choice of appropriate components for
crossing is the first and foremost step in the creation of new crop cultivars.
Knowledge on the effects of general combining ability (GCA) and specific combining
ability (SCA) is useful in the selection of parental genotypes. The main goal of hybrid
wheat breeding is the identification of parents with high SCA for technological
quality and agronomic traits. Such data facilitate the choice of pairs of parental
genotypes with high probability of heterosis in their F; progeny which having
phenotype character appearance than mean of both parents, (Brieger,1950).The
breading value of genotypes, including combining ability is evaluated on the basis of
the analysis of hybrids produced in appropriate crossing schemes(line x tester) is most
frequently applied,(Marciniak et al., 2003); ( Ahuja and Dhayal, 2007). In case of
self-pollinated crops, these methods require a large number of manual crossings,
which make time consuming and expensive; (Shen et al. ,2006). Thus the selection of
parental genotypes in wheat breeding based on combining ability is seldom used.
Heterosis effects has been used in breeding of self-pollinated plants, including
wheat (Weibmann and Weibmann ,2002). The agronomic value of wheat hybrids
appears to be promising, (Oury et al. ,2000). However knowledge about heterosis the
relative importance of GCA, SCA genetic background of parental materials for
exploitation of heterosis in wheat remains limited.

Molecular marker technology was effective in learning phenomena as heterosis,
specific combining abilities and parental genotypes interaction with environment. The
initial studies were associated with the search for a relationship between the genetic
diversity of parents evaluated with molecular techniques and their hybrids
performance. DNA markers are most suitable for genetic diversity estimates, Sun et
al. (2003). Randomly amplified polymorphic DNA(RAPDg) has been widely
employed because of il’s simplicity and ability to detect genetic variation among very
closely related genotypes in a number of genotypes. (Jain et al., 1994); ( Kuczynskaet
al., 2007). RAPD has been attemped to develop a method to select crossing
components based on genetic distance (GD) between genotypes among sun flower,
wheat and maiz,(Corbellini et al. ,2002). In heterosis breeding this approach was
found on the simultaneous evaluation of both GCA and SCA as well as GD.
(Burkhameret al., 1998); (Corbellini et al. ,2002).

The aims of this research were:
1. To estimate the general combining ability(GCA) for eight varieties of tetraploid
wheat.
2. To estimate the specific combining ability(SCA)for hybrids obtained by (line x
tester) scheme according to Kempthorn (1957).
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3. To determine the hybried performance at mid — parent .

4. Determination of genetic and phenotypic diversity(GD and PD) between parents.

5. Examining the relationship between (GD,PD) with the magnitude of specific
combining ability (SCA) and Heterotic effects.

Materials and Methods
Plant material:
Eight varieties of tetraploid wheat (Triticum durum Desf.) Um —Rabie 3, Leeds,
Azeghar- 1, Acsad- 65, Buhoth— 7, Doma- 1, Korfela and Um —Rabie 5, (Table 1).

Table(1):Source of (8) varieties of tetraploid wheat.

Code Genotype Source
1 Um —Rabie— 3 ICARDA
2 Leeds ICARDA
Department field crop college of
3 Azeghar—1 Agriculture and forestry — University of
Mosul
4 ACSAD- 65 ACSAD
c Buhoth— 7 The general organizat-ion fo-r agricultural
research in Syria
Shared program between The general
6 Doma—1 state for scientific and agricultural
research in Syria and ICARDA and ACSAD
7 Korfela ICARDA
8 Um —Rabie—5 ICARDA

Field experiments:

Grains of these varieties were planted at botanic experimental field of agricultural and
forestory college,Mosul University during the growing season(2010-2011).Fifteen
hybrids (F1 )have been obtained after crossing using (linextester) scheme (3) testers
and (5) lines. All genotypes (8 parents and 15 hybrids grains were planted at growing
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season (2011 — 2012) at the same field with three replications using randomized
complete block design (R.C. B. D.).

1. Statistical Analysis:

Data for all characters had been subjected to an analysis of variance (ANOVA)
according to( Kempthorn, 1957). General and specific combining ability (GCA and
SCA) effects for (line x tester). Heterosis was calculated as a deviation of F; mean
from themean of mid — parent (MP) according to following formula:

H(M.P)= "=

H(M.P)= Hetrosis over mid parents.

F,= value of F;.

MP= mean of parents.

DNA - extraction and RAPD Amplification :

The DNA samples were extracted from dried grains of tetraploid wheat varieties
ground to afine powder (1 gm) by CTAB method [cetyltrimethyl ammonium
bromide] (Weigandet al. ,1993). With some modified followed by an RNase-
treatment

(promege com.) for 30 min at 37 °c., (Sambrooket al., 1989).

The DNA quality was tested using (1%) agarose gel electrophotometer (UV —
1800shimadzu) at 260 — 280 nm. The concentration of DNA was calculated according
to the following formula:

DNA concentration (ug/ul)= [OD 260 x 100(dilution factor) x 50 ug/ul] / 1000
the DNA samples are adjusted to concentration of 50 ng/ul with TE buffer and
subjected to
polymerase chain Reaction (PCR) amplification, (Gyulai et al. ,2000).

PCR Amplification and Data analysis:

The reaction of RAPD — PCR were performed in a thin — walled 96 — well
thermal cycler (model: Multi GENE Optimax, Lab net, USA) according to(
Williamset al. ,1990) with 10meroligo nucleotides from by Biooner as mentioned
previously (Abdulla et al., 2013). The final volume of 20 ul contained 5ul of PCR
premix from Bioneer Accu power, [each tube in PCR premix contain: 1U DNA
polymerase, 250 um dNTP’S (dAtP, dCtP, dGtP, dTtP), 10 m utris—HCI (pH 9), 30
mu KCI, 1.5 muMgCl,], 3ul of 10 pmol of each primer, 5ul of 50 ng of DNA
template and 7 ul of dH,0. The reaction tubes were treated to the following
temperature cycles: 94 °c.for 4 minute (denaturation), followed by 36 cycles of
annealing, 94 °c. for30 sec, 35 °c.for 45 sec and 72 °c. for secand final extension of
5minat 72 °c.
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The PCR products were analyzed on (2%) a garose gel at 40 volt for 3h. then the gel
were stand in 0.5 ug/ulof ethidiumbromid and DNA fragments visualized under UV
trans-illuminator. the fragments were estimated based on a DNA ladder of 100pb
(Tahir,2008).

RAPD Data analysis:

Clear and distinct amplification products were scored for presence (1), absence(0).
The dissimilarity matrix (GS) between genotypes was estimated using Nie and Li
dissimilarity coefficient, (Nei and Li, 1979). Dendrogram was concetructed from
dissimilarity matrices using the un weighted pair group method with Arithmetic mean
(UPGMA).

Clustering procedure, based on the dissimilarity matrices for RAPD data which
obtained using the software NTSYS —pc numerical taxonomy system. ver 2.21c
(Applied Biostatics Inc. Setaukett: (New york USA) (Rohlf ,2000)

Differences between studied varieties for all characters treated simultaneously were
assessed by using Mahalanobis distance (D). Which was treated as a measure of
phenotypic distance (PD) between parents, the analyzed data obtained by software
PASW Statistics 18Mahalanobis(1936)

the correlation between genetic diversity (GD) evaluated on the basis of RAPD
markers and phenotypic distance (PD) of parental forms, , SCA and heterosis at mid —
parents. for grain — yield are obtained using Mantel test, ( Mantel, 1967).

Result and Discussion
1. Field experiment (Genetic Analysis of Tetraploid Wheat Characters)
a. Analysis of variance:

(Table 2) revealed that mean squares of genotypes, parents and crosses (line x
tester) were highly significant for all studied characters. Indicating wide diversity
among the parents. The ratio of GCA/SCA variances was less than unity for all the
studied characters suggesting that non — additive gene effects in the expression of
these characters. In addition, the magnitude of SCA mean squares was greater than
GCA mean squares, suggesting that non — additive genes effects were predominant
and played a major role in the inheritance of all characters. These result are also in
line with those obtained by (AL — Hamadany and yousif ,2006); (Srivastaval et al.
,2012); ( Ayoob and Hazim ,2005).
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Table (2):Analysis of variance (ANOV A)for studied characters of tetraploid wheat using (line x testers) scheme

according to Kempthorne (1957).

Vol.(5) No.(2) 2014

Means square
Sources
of variance . No. Spike . . Grain yield .
d f Flag leaf Plant No. spike spikelet's Ieggth No. grains 100 grains : Z_l Biological Harvest
. - _ . _ - an - -
area (cm? height(cm lant™! o spike™! weight (gm p ield (gm index %
(cm*) ghtcm) | p spike ™! (cm) p ght (gm) (gm) yield (gm)
Replications Y Ye,Yeu YA, VoY DA v, e OA DR Y,ALY vy )) Y V,A0¢ 0,0)¢
Genotypes YY *EVYY, 000 *%0A,¥o01 *%Y,.19 LA AR *%0 ¥V Y %) ¢Y,A44 *E L, FYY *%q YVo %A V)94 *%0Y,04Y
Parents % ) 07,97, L2 N PN *%, 407 LA g %Y FVY *%Y£0,)¢1 *% . V4N *%%,0.0 *%\A, VoV *%XEY Ve
Parents vs. \ FEY T 0 AY - Yo,Y¢o BTN Yy Y1, HFA, TV e84 % Y, 56V 4,77y
Crosses
Crosses V¢ FEVFT,TN) #%YY 114 %)L TY %Y VY ®%Y, 017 VYV, FYY *%, Y7 *%) ., 990 *%\V, £Y0 *kOV, YYV
Line H /A vWYoo Yo DARE «,oVY YVv,Yoo v, 80 Y, 1A ¢,0v0 Y V,Y¢é1
Tester Y 17,30A 0y,04. VeV e YA AR yo,¥49 S 2 y,¥Vo IV 0,00V
Line X tester A *%YYY,YYo *%))¥ A Q *%Y) g8 *EY YY) *EVY, 06 *%Y Y)Y, AT *%,,6Y0 *%)Y,AV4 YA, VA *%9Y YVA
Error ¢ £,14v Y,0YA Y YT YA A ANt v,e0v Y,V Y Y, 0Ny 1,14y
2
o° G.C. A
LYY oA GYEY Yo Y AT GYEY LYo GYEY ATV
0% S.C.A.

*and ** Level 5% and 1% respectively.
G. C. A.= General combining ability.
S. C. A.= Specific combining ability.
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b. Combining abilities:

It is often desirable to select lines as parents of crosses, most studies on wheat
revealed that general combining ability (GCA) was found to be more important than
specific combining ability(SCA) for most characters. From table (3) several parents
showed appositive significant(GCA)such as:
parent (3)(Line):for flag leaf area, no.of spikesplant™1, 100 — grains weight, grains —
yield and harvest index.

Parent(4)(line): For flag leaf area, spike length and biological yield.

Parent(2)(line): For flag leaf area, no. of spikes plant™! and spike length.
Parent(6)(Tester): For flag leaf area, no. of spikelet's spike™1, spike length, no .of
grains spike ~tand 100 — grains weight.

So thereforep, considered as the best general combiner.

Parent(8)(Tester): For plant height, no. of spikesplant™?, no. of grains spike™1,grian
yield plant™ and harvest index.

All these parents considered as a good sources of genes for improving these traits by
hybridization and selection programs.

From table(3) also several hybrids show appositive significant values of (SCA)
as in:

(3x7): For no. of grains spike™1, 100 — grains weight, grains — yield and biological
yield.

(4x6): For flag leaf area, no. of spikes plant™1, no. of spikletes per spike, length and
no. of grains spike 1.

(5x8): For flag leaf area, no. of grains spike™?, spike length and biological yield.

These crosses can be considered as the best combinations for increasing such
characters aggregate selection.

These highest (SCA)significant values of these hybrids due to their highest
performance in combination, and that refers to the non-additive effects of genes
controlling those characters similar results of wheat were obtained in (Saeed
2005;Saeed 2001;and Anwar 2011).
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Table (3):Estimates of general combining ability and specific combining ability:

Genotype and Flag Ieaz _Plant No. sp[l<1e _No. ' Spike Nc_). 10_0 G_rain B_iological _Harvest
hybrids area (cm*) hight(cm) plant spikelet's length grains grains yield yield (gm) index %
spike™! (cm) spike™! weight plant~?!
(gm) (gm)

1 GATEY LAY YA SV EYY 2T S9,eAd ey S TeA YLVEYY oY, e

2 Y,40v4 ., ivot AN N SN Lo SE,0 0 Ad S, FYA _v,oYve N, oA _v, e

-% 3 V,E96A 21,7 _v,aorY Gemy GETY. Yo, A GYTAL Y,:00A ~4,040) 1,849Y
4 V,.0%4 «,aven GOy Yy ©LOATY Y,V YT STy LAEYY 2),aves

5 _0,¥TAR S A _,YATY _v,ivet SLAVYE ¥, YAVA SO YYYTR o), yAry Y, TY S),VeAY
S_E_(gi_gj) Y, 0¥ \,v4v¢ LYY EY L YAAS LYYo) 1,YYN YA LEQAY LYEYY Y,VY
6 1,41y R Y _e1 L, eoYY Y,7Ev1 Y,401) NAT-T-N LYTYA GYEy EYo.

% 7 _Y,¢¢00 Y, 4y S YYYY G, aYY SOVYM _¥,00vY S84 SAANY _u,aay S PSS
F 8 _0,890A £,YV 7Y GYYFVA AT ALY S,Aavee y,001) IS S 2L -3 9N Y,V
S.E.(Qi —QJ.) LYVaY Y, o004 S V10A e AR LAy LAYV V,YACd +,OVAY LAAT
Y x1 VLV SV,AYY L TN GYYE ML Y Y,¥AY e YV L ALA £,v¢9

Yx _o,YYY A ey S AV Ve SV,AAE LYY Cu, gy ., Yov et

1 YYIA IR F X} SvY S, YAY GUEA _Y,ovY I A8 Y, VY _§,Y0)

£x1 0,001 oS GEYY 1,V VY ¥,V _, Y4 AN Y, 1) ),04Y

5x1 _¥,¥1e Y,Y¢ I S0 4A JY,Eve _y,041 LYYY ST S, EA VY

Y xY +,449) Y LYy I AR JY,ET) S eAY _v,A01 2), A4 IRTE AN

YxV ),Yov 2,144 GIFY GOVA 04, ETT Ve ~,Ya. S A LY

XY SV, 0AY Y,V STy NRINY _+,\40 0,MA SYAN Y, AY ),168 ¥,44Y

£xVY oY,V GUA _v,oFY o, e84 _v,09Y ¥ EY AN Ve Y,00) _Y,ovY

oxy LEEY 2),.ay N Y Y4 Gar. _y,08Y oY I P R 1Y L,y

Y xA o), LAY, N 1% N A GEVA _+,40) I LY SN, 4 _Y,e0n

YxA Y,AVo G471 S YYY AOA _4,Y4) ),644 S g YTy R-$3Y .+, 614

YXA SVL,YA) -+,474 Y GYAL o\, t0¥ ¥V VL eAd et L, 0A X

£xA _¥,A0Y LYY NI S, vt Z4,0FA _.,0Y4 GAYY Y _Y,08Y Y, ¥AN

OxA Y,aYY MY IR NS ALK YAYA IR RR ALY (R%3% 480
S.E.(Qi_gj) \,v140 Y,Ye. Y GLYVA LEY LEVYR Y, YAV GATYA ),Y4¢. Y, YV

1,2,3,4,5,6,7,8 Symblos of parents
c. Heterosis:

Heterosis effects evaluated in relation to mid — parent value are presented in
table (4), these effects were observed in all the analyzed characters but the heterotic
for value showed a significant variation from character to character and from hybrid
to another among the same character according to (t) test from table (4): A
hybrid(1x6) showed a highly significant values for flag leaf area (11.422) cm?.plant
height(-9.367) cm; no. of grainsspike™1(8.183),100- grain weight(2.699) gm.,and
harvest index (5.378)% from hybrid (4x6); flag leaf area (21.163) cm? plant height (-
8.233) cm spike length (1.183) cm, no. of spikelet'sspike~1(3.188), no. of grain
(8.083) while (3x7) showed from parents
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Table (4): Heterosis from mid parents by (line x tester) for studied characters:

hybrid Flag Iea;‘ hF;Iii;nr;[t No. spi_kle _ ll\lo. L I?eﬁlglft?l No. _gra_i?s 1(\)2'3?;',[”5 Gl;?;?lzﬁld B_iological _Harvegt
area (cm*) (cm) plant spikelet's spike (cm) spike (gm) (gm) yield (gm) | index %

Y% *HY ) EYY LW AN Y VY ERYY FEN, AT *kY,149 V60 *HO VYA GIAY
Y1 A SYL,VY *k ., 4y **Y 0V _kEY YAY Y,00V GAYVE G ETY Y,Vy S, Yy
¥ *%y0, 40V SRV AYY oYYy AL IR AT *E,VTY S, 0TA SV, VAY S, g IR
£ *HY) )Y JEEALYYY Gl Y ) AA kY ) AY EEN, AT Y, 07 Y, Ty Y, 61 Y
5x1 HHNFYY N S Yy SRk AL S0y GYVY -,YE9 ALY GYEA IERR
Yy -+,09) 7R -, Yo S, TA GY e GYVY S),00A SV, Y,YY YV
YxV SV, YA Y,¥YY Yy -\,000 GIAY IR AYY Sy 2,0 -, VAY Y
¥x v GYTA Y,y ZE O AAY Y O,V 0 FEN,ATY AL ., orY *%0,£9 ok VY g
ExY Y,0V¢ Gy kR Lo -,t00 <, OAY SY,AAY S),0y G EAY XL ik, OFA
oxy S04 V40, -+, 0AY SR VEY G YAY _¥,VAY S),  AY JREY YAV S,V S YY
Y XA SRRV VY GEVY -0 Gy GIAY Vo SV, eV ALY Y,y o, 4y
Y xA -Y,ov1 *E, VY GY e SV EY *,VTY Vo YA i Y,ved SV EY
¥xA SEYLALY S),000 S, 00 _\,000 «,OAY GITY Y, 68 -, Yo ¥,00V +,¥Y4
£ XA kRS YO IS LY IR JELVTY SLYYY S,y JEY,ATY Y,VYe *.,¥19
oxA -),£4Y 01y INERYY S YYY IR 40, Y GETY Y,YY -,¥Yo

* and ** Level 5% and 1% respectively.
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ahighly significant heterosis value at no. of grains spike™1(8.867),
100-grains — weight (2.528) gm., biological yield(5.491)gm.and
harvest index (0.714%).1t was concluded that most of these hybrid have
the same parent (6) which was much superior than any other parents as
well as it played an important role in transferring the genes that controlled
such characters above to it’s hybrids, such results corresponding with (
Abdullah et al. , 2002); ( Chowdhry et al., 2005);(Aknincl 2009),(Beche
etal. ,2013).
d. Genetic and Phenotypic distances between parents

From the 24 RAPD decamer primers used in the PCR amplification
the total number of the amplified bands (141 bands) are obtained, 101 of
which were polymorphic, the DNA fragment size are ranged between 120
- 1500 bp, the polymorphism of RAPD markers are high (70.18%) and it
was adequate to discriminate each variety, this gave an average of 26.740
bands for each primer combination. The dissimilarity matrix table (5)are
obtained based on Nei and Li coefficient.. Genetic distances among the
(8) parents ranged from the lowest value 0f(0.167) which was between p,
and p, to the highest(0.629),between p5 and p, .Theaverage value was
(0.350) table (5).Estimated values of PD for morphological characters
varied from (0.000604) between p, andl The highest value (0.0227)
between p 2 and p4.

Table (5): Genetic and phenotypic distances between 8 varieties of
Tetraploid wheat on RAPD analysis:

GD
Parents 1 2 3 4 5 6 7 8
1 0.00
2 0.199 0.00
3 0.177 +.208 0.00
4 0.222 0.167 0.218 0.00
5 0.278 0.221 0.345 0.179 0.00
6 0.504 0.337 0.629 0.389 | 0.214 | 0.00
7 0.380 0.315 0.385 0.246 | 0.263 | 0.301 | 0.00
8 0.416 0.388 0.499 0.314 | 0.328 | 0.314 | 0.180 | 0.00
PD
Parents 1 2 3 4 5 6 7 8
1 0.00
2 0.00279 0.00
3 0.0193 0.00896 0.00
4 0.00321 0.0227 0.0154 0.00
5 0.00985 0.00408 0.00846 | 0.00298 0.00
6 0.00277 0.00324 0.0157 | 0.00842 | 0.0139 0.00
7 0.000604 0.00313 0.0196 | 0.00516 | 0.0118 | 0.00136 0.00
8 0.0022 0.00202 0.0118 | 0.00365 | 0.00569 | 0.00393 | 0.0024 0.00

AR
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e.Correlation analysis:

One of the most important aims of this work was to determine the relationship
between genetic diversity GD evaluated on the basis of RAPD marker and
phenotypic distance PD of parental forms for grain yield, SCA and heterosis at
mid - parents,(table6).

Table (6): Correlation coefficient between genetic (GD) and phenotypic distances
(PD) of parents and specific combining ability as well as heterosis in grain yield.

Parameters

SCA

GD Heterosis

SCA

PD Heterosis

*, Correlation is significant at the 0.05 level.
ns. No significant correlation.

Table (6) Demonstrate that (GD) as well as (PD)were not
significantly correlated with SCA, (PD) also show no significant
correlation with heterosis, wherase, the correlation coefficient between
(GD) and heterosis for this character had apositive and significant value.
The GD between varieties may be defined on the basis of molecular and
morphological (phenotypic) markers (Shamsulddin, 1985); (Melchingeret
al. 1990);( Dierset al. 1996). The investigation of distance based on
phenotypic characters may be burdened with an error resulting from the
dependence of the expression of these characters on environmental
conditions. Molecular marker based on DNA analysis are independent of
environmental factors and exhibit a high degree of polymorphism.
Moreover, they appear to be a promising tool in the prediction of
heterosis in wheat, (Martine et al. 1995). Other studies in maize did not
showed any association  between combining ability and
(GD),(Melchingeret al., 1990);(Dudley et al., 1991). In turn (Corbellini et
al., 2002) found statically significant correlation between (GD) based on
molecular markers and mid — parents heterosis value for grain yield, but
(Krystkowiak K. et al., 2009)noticed that these correlations were too low
to be of predictive value.
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