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- rove ABSTRACT
Microsatellite markers been shown to be highly polymorphic and simple to use in hexaploid wheat. This study
was undertaken with the following objectives: (1) to assess the level of polymorphism among 19 Egyption wheat varieties and
(2} 10 study the potential of microsateliite markers and specify microsatellite(s) mpamahrjbrEgmmMgW
identifications. A total of 42 microsatellite primers were included which, were located on all 21 chromosome pairs with
distribution of one microsatellite marker per chromosome-arm of A, B and D genomes. The total mumber of alleles detected
mlﬂmdﬂnmbcrmplﬂ'idbyeachlwnm@ﬁm)m]ﬂﬁ&m of 4.10 alleles. Calculated

information comtent (PIC) vakues ranged from 0.1] toﬂ.“ﬂdu.iﬂlociﬂ] 43%) scoring 0.50 or higher and the
average wax 0.57. In the present study, only seven primers of the 42 could discriminate the 19 Egyptian wheas genotypes.
Therefore, the presens set of the 42 microsatellite primers would be useful for detecting polymorphism and for DNA

- Jimgevprinting of Egyptian wheat

Finally, this set of microsatellite markers could act ax a reference set of

Senolypes,
markers for a ramge of research application for Egyptian wheat.

INTRODUCTION
bheat genotyping or DNA fingerprinting of
whw,uateclmolaythnhasmywxdemead
practical application. It has application in the
identification of wheat for commercial purposes,
incinde the protection of plant breeders’ rights, and
patents, quality comtrol in wheat production and
pmomngandlabelmgdwlmt—detmdfoodsand

a simple sequence of DNA nucleotides where the
repeat unit is wsually 1-6 base pairs. Their relative
and Yo and hight " b

aature and ease of use made microsatellites valusble
molecalar markers for use in genetic studies (Li ef al.
2002). The vse of microsatellites in a mange of crop
species bas been reported for applications such as

otal identificats ic diversity, ic map
development and markers assisted sclection. The
development, assessment and  apphication of
microgaiellites in hexaploid wheat is also well
documented (Sourdille ef al. 2004, Dreigigacker et al.
2004 and Vamshney et ol 2005). Moreover,
micrsatellites show a muoch higher level of
polymorphism and more informative in hexaploid
wheat than any other marker systems (Huang et al.
2002 and Li et al. 2003).

. In this communication, it has been reported
. the results of a gindy involving the screening of 19

wheat genotypes using 42 niicrosatellite primers. The
siady was underiaken with the following objectives:
(1) to assess the fevel of polymorphism among 19
Egyptian wheat varicties and (2) to study the potential
of microsatellite markers in general and specify
microsatellite(s) in particular for Egyptian wheat
genotype identifications.

MATERIALS AND METHODS
Plant materials
‘The plaat materials used in this study consisted

of 19 Rgyptian wheat varictics (Table 1). These
varicties were regarded as a representative of gvailable
wheat varietics adopted by bresders.

DNA extraction

Total genomic DNA was extracted from five

plants of each variety according to the protocol of
Riede and Anderson (1996) with some modifications.

 Microsasellite marker analysis

Microsatellite analysis was carried out using
42 microsatellite markers for the 19 wheat varietics.
PCR reactions were performed in a toial volume of 10
ul containing 100 nM of each primer, 0.2 mM of each
deoxynucleotide, 1.5 mM MgCl;, 0.5 umit Tag
polymerasc and 30-45 ng templatc DNA. After imitial
denamration siep for 10 min at 94 °C, 35 cycles were
performed with 1 min at 94 °C, 1 min at 50, 55 or
60 °C (depending on the individual primer), 2 min at
72 °C, followed by a final extension step of 10 min at
T2 °C. Products of PCR were nim on polyacrylamide
gels containing 32% (v/v) formamide as described by
Litt et al. (1993) and were visvalized by silver staining
technique according to the protocol of Bassam ef ol
(1991). Al steps of staining were performed in plastic
cach the time of treatment was increased 10 min.
Developer solutions were prepared two to three hours
before utilization and cooled to low tempetature (4 °C
before use).
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Dats analysis

Allele types at the 42 microsatellite marker

loci were determined for each variety. Also, the
ic information content (PIC) value was

calculated for each marker according 1o the simplified

version of Anderson ef al. (1993) formmia:

PIC=1~-Y

Where p , is the frequency of the ith allele for
each marker.

Finally, Duncan’s Multiple Range Test
(Snedecor and Cochran, 1976) was conducted for
allele distribution of the 42 microsatellitc marker loci
values among the three genomes and also, among the
seven homocologous chromosomes of the 19
i doid Egyptian Wl scties used.

RESULTS DISCUSSION

The present stady reinforces the utility of
microsatellite primers for providing umique genctic
identitics or fingerprints of individual Egyptian wheat
variety. The relatively high allele frequencies of the
throughout the whole genome made them mwost
stable for ing sach inf N
In this work, a total of 42 microsatellite
sets were used which were sclected among
pnnﬂpaind‘Rnh‘ct.al.(l”s)anddedgnatedwﬂh
the peefix “GWM”. Also, two microsatellitc markers
wuemd;designﬁedwiththeptdix“BARC“;and
kindly provided by Q. J. Song and P. Cregan, USDA-
ARS, Beltsville, MD, USA. For an even coverage of
the total wheat genome one micrsatellite was selectod
for each chromosome-arm. These microstilites, in
addition to their coverage of the wheat genomes (A, B
and D), they were included in this investigation
becanse of their reproducible amplification and clearly
distinguishable fragments. They were located on all

primer

sample of the available Egyptian wheat accessions.

The PCR results using primers for loci GWM
368 (A), GWM 140 (B) and GWM 155 (C) are shown
in Figure (1). It can be seen that the amplicons
exhibited a molecular mass in the range of 245- 250 bp
for GWM 368, 200-250 bp for GWM140 and 140-150
bp for locus GWM 155, respectively. Estimation of the
molecular weight was always bascd on the band
displaying the highest mass because as a mle,
amplification of repeats comsisting of a few
aucleotides generates an array of bands (Hayden and
Sharp, 2001a and b; Brian ef al., 1997, and Rodriguez
and Zapata, 2002). The polymorphisms observed in
Figure (1) are fairly typical of the patiern obtained for
most loci.

The amplification profiles obtained with 42
imto three categories: (1) those containing onc
pmminent_fragment (Figg:re 1a), (2) those comaining
spacmg(ﬁgmlb),andﬁ)thmemﬂiﬁngthmc
fragments with equal spacing (Figure lc). While
taken 10 exciude the possibility of stuttering effect,
particularly in the case of two co-migrating prominent
fragments. In each case of two co-migrating
pmmincntﬁnmns,itmmﬂuadtheym
belonging to one locus.

Number of alleles:

Using the above criteria, the total number of
alleles detected was 172 and the number amplified by
cach locus ranged from 2 to 10. The average, 4.10
Other studies found that the average number of alleles
per primer ranged from 3.6 to 18.1 (Prasad ef
al.,2000;, Ahmad, 2002; Chsitiansen ef. al., 2002;
Fahima ef al., 2002; Huang et al., 2002; Kobiljski et

values, as a measure of gene diversity at a locus, were
calculated on allele sizes from the 19 varicties with 8
total of 42 PIC valucs being reported. The presence of
null alleles was included in the calculation of the 42
scores. Calculated PIC values  (excluding
monomorphic microsatellites) ranged from 0.11 to
0.86 with 30 loci (71.43%) scoring 0.50 or higher with
average 0.57. PIC value depends on the diversity
mnmstheusedmmmmdependmthe
pumber of nsed accessions. For example, Huang ef al.
(2002) who used 998 accessions, obtained 0.77 PIC
valne, while Prasad ef al.(2000) who used 35
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accessions, obtained almost the same PIC value of
0.71. Consequently, cur PIC value (0.57) reflects the
diversity of the studied varieties. The other study in
our laboratory of Fahmi ef al. (2004) indicated that the
average of PIC value of 0.626, which was in the same
range of the present study considering the member of
varieties used.

, The correlation coefficient between PIC
values and the number of alleles was high and
significant; r=0.72 (P <0.05). The linear relationship
between them is shown in Figure (2). This means that
the value of PIC increased with the number of alicles
at a given locus. Therefore, the number of alleles can
be used for evaluation of genetic diversity in this
study. These results did not agree with those Prasad ef
al. (2000) who reported that the PIC value was not
correlated with the number of alleles. However, the
results agreed with the study of Huang ef al. (2002).
This discrepancy among different studies may be due
to the differences in the diversity between the varietics
understudy and the type of the microsatellites used.

Distribution of alleles at A, B and D genomes

Although the largest total number of alicles
detected was found in the B genome, there were no
genomes in the allele number.  Also, the numbers of
alleles per locus were not significantly different among
the three genomes, but the largest number was at the B
contributions of three genomes to genetic variation of
the varieties under-study.

The lowest number of alleles per locus among
the seven homoeologous groups was observed in the
homoeologous group 4 with the lowest PIC value.
However, no significant differences among
bomoeologous groups were noticed in PIC value orin
allele per locus. Similar results were reported by
Huang et al. (2002), Byoko et al. (1999) and Ma ef al.
(2001). It is most likely that the chromosome structure
of homoeologous group 4 is conserved or that some
factors for important characters are locaied on these
chromosomes. Therefore, any large variation or
mutation occurring in these chromosomes might lead
to the death of plants. It is known that one recessive
gene and one dominant gene for male sterility were
located on the short arm of chromosomes 4B and 4D
of wheat, respectively (Barlow and Driscoll 1981; Liu
and Deng 1986).

DNA polymorphism and genotype identification
Microsatellite primer pairs are locus-specific
and are therefore, generally considered to be single
locus makers as against other molecular markers like
RFLP probes , AFLP and RAPD, which arc multilocus
in nature. In the present study 42 microsatellite loci
were identified using the 42 primer pairs ( a locus for
cach primer). The microsmtellite loci are also
multiallelic (2-10 alleles per locus with a mean of 4.1

alleles/locus in the present study) and the alleles co-
detecting DNA polymorphism over some other
markers (e. g RAPD and AFLP), which are biallelic
natwre of micrsatellite primers is useful, as it also
enables the detection of heterozygosity at specific loci.
Amtheradvamageofwhmtmmateﬂnuomothu
markers is their specificity, since microsadellite
homoeoloci on three chromosomes of the same
homoeologous group, if present, are generally not
amplified with the same primer pair. In contrast to
this, the same RFLP probe would generally identify
the homoeoloci as RFLPs (Devos and Gale, 1992,
Devos ef al. 1993; and Xie et al. 1993).

Keeping in mind their relative superiority in
detecting DNA polymorphism as mentioned above, the
utility of 42 specific micrsatellites markers was also
assessed for their power to uniquely discriminate the
19 wheat genotypes that were included in the present
study. The results showed that a single microsatellite
marker, GWMS5382 , was sufficient to discriminate six
genotypes;, the two microsatellites (GWMS82 and
GWM140) discriminated nine genotypes and three
microsatellites (GWMS582, GWM140 and GWM301)
discriminated 12 genotypes. A further addition, as
many as, four more markers (GWM155, GWM1335,
GWM369 and GWM261), thus making a set of seven
microeatellitc markers, which were successful to
discriminate all the 19 genotypes. However, the rest
of the markers did not increase the discriminating
ability of the genotypes. Since, in the present study,
only seven primers from the 42 could discriminate as
many as 19 Egyptian wheat genotypes. Then, the -
present set of the 42 microsatellite primess would be
useful for detecting and for DNA
fingerprinting of a large number of Egyptian wheat
be due to its uniform distribution across the three
EENOmES.

In conclusion, the presemt siudy in Egyptian
bread wheat has demonstrated that the microsateliite-
based marker system can be effectively and efficiently
utilized for variety of studies involving the DNA
polymorphism, where, during the present study, it was
possible 1o assess the relative superiority of
microsatellites in detecting DNA polymorphism in
Egyptian wheat varieties. Also, the super
discriminating ability of the microsatellite markers in
Egyptian wheat has been proven. Since only seven
primers out of 42 were able to discriminate the 19
varieties under-giudy, Also, this set of microsatellite
markers could act as a reference set of markers for a
range of research application for Egyptian wheat.
Finally, this rescarch should contribute to complete the
efficiency of Egyptian wheat breeding programs.
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Table 1, Pedigree of Egyptian whent varicties used in microsatellite analysis.

Varicties Pedigree

Giza 158 Rgent/2* Gizal39//Mida-Cadet/2*Hindi62

Giza 157 Gizal SS//Pit62/LRE413/Tzpp/Koat

Giza 160 Chenab70/Gizal55

Gizal62 Vem//Coo 67/7C/3/Kal/Bb CM8399-D4M-3Y-1M-1Y-IM-0Y

Gizal63 T. destivim/Bon/Cno/7C CMB3009-F-15M-4Y-2M-1M-1M-1Y-0Y

Giza 164 KVZ/Buba “s” //Kal/Bb CM33027-F-15M-500y-0M

Giza 165 OMcno/MEd//Mon “s” CM43339-C-1Y-1M-2Y-1IM-2Y-0B

Giza 167 AWUP301/G11/SX/Pew “s”/4/May “s” //Pew “s” CM67245-C-1M-2Y-IM-TY-IM-0Y
Gemmeizal | Maya74/On//1160.147/3/Bt1991 Gall/4/Chat “s” CM58924-1 GM- 0GM

Gemmeiza 3 mcvzwsom*wsmupmwwanm; “s /OnCGM 4024-1GM-13GM-2GM-
Sekhas Indus 66 X Norteno “S”-Pk 348

Sakba61 Inia/RL 4220//7C/Y1“S” CM 15430-25-55-0S-0S

Sakba 69 Inia/RLA220//7C/Yt “s” CM 15430-25-65-0S-0S

Sakha 92 Napo 63 x Inia 66 - Wren

Sids 6 Maya “s” /Mon “s” /CMH74.A592/3/Sakha8*2 SD10002-4SD-38D-1SD-0SD

Sids 7 Maya “s” /Mon “s” /CMH74.A592/3/Sakha8*2 SD10002-8SD-1SD-1SD-0SD

Sids 8 Maya “s” /Mon “s” /CMH74.A592/3/Sakha$*2 SD10002-14SD-3SD-1SD-0SD

Sids9 Maya"s” / Mon”s” /4/ CMH 72.428 / MRC // Jup /3/ CMH 742582 /5/Giza 1572 SD10003
Sahell N.S 732 /PIMA / Veety *S" sD 735-4 sD-iSD-OSD
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Table (2): Mkmmmiduﬂﬁedbmdu&mmhuﬁu,rnpaﬁwmm
of alleles and polymerphic information content (PIC) value in Egyptian wheat.

Chromosome-| Range of No of PIC

Microsatellite arm Location | fragmeent size |  alleles
GWM 136 1AS 120 2 0.47
GWM 135 1AL 240-330 6 0.81
GWM 582 1BS 130-210 10 0.86
GWM 140 IBL 200-250 10 0.79
GWM 458 1IDL 115-125 3 0.66
GWM 33 1D8 110-130 3 0.23
GWM 95 2AS8 110-125 2 0.11
GWM 294 2AL 85-115 5 0.59
GWM 429 2BS 210-330 4 0.38
GWM 120 2BL 140-170 4 0.7
- GWM 261 2DS 165-190 3 0.54
GWM 301 2DL 160-270 9 0.80
GWM 369 3AS 150-310 6 068
GWM 155 3AL 140-150 3 0.54
GWM 376 3BS 145 2 0.19
GWM 247 3BL 160-190 5 0.73
GWM 161 iD§ 150-155 3 0.65
GWM 3 3DL 80-90 3 0.64
GWM 165 4AS 180-270 2 0.49
GWM 397 4AL 160-220 5 0.62
GWM 368 4BS 245.250 2 0.27
GWM 149 4BL 140-170 5 0.74
Xbarc98 4DS 150-155 2 0.27
GWM 194 4DL 130-150 3 0.54
GWM 129 5AS 200-240 2 0.39
GWM 126 SAL 200 2 0.27
GWM 234 5BS 200-250 3 0.63
GWM 371 5BL 180-310 5 0.72
GWM 190 DS 200-210 4 0.64
GWM 174 SDL 180-270 4 0.68
GWM 334 6AS 110-130 5 0.66
GWM 169 6AL 170-230 5 0.68
GWM 361 6BS 140 2 0.50
GWM 219 6BL 155200 5 0.71
GWM 3235 6DS 140-150 4 0.69
Xbarc23 6DL 220-225 2 0.49
GWM 471 7AS 140-180 3 0.60
GWM 132 TAL 200-290 4 0.68
GWM 46 TBS 145-180 4 0.50
GWM 577 TBL 140-180 4 0.48
GWM 295 DS 210-250 5 0.72
GWM 437 TDL 110-130 7 0.76

Total 172

Average 80-350 4.10 0.57
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Table (3): Suﬂﬁuofﬂhlemataukmmﬂiuhdilﬁemmmd
homocologous chromosomes of the 19 bexaploid Egyptian wheat varietics weed.

Number of alleles Number of alieles per locus Polymorphic
information content

Geaome
A 52 3.71° 0.54°

B 65" 4.64° 0.59°

D 55 3.93° 0.59°
Chromosome

1 34" 4 86° 0.55

2 27T 3.86° 0.45"

3 2° 3.41° 0.49"

4 19° 2.71° 0.42"

5 20° 2.86° 048"

6 23° 3.29° 0.53"

7 27 3.86° 0.53"

Total 1172 | 4.10 10.57

Values within a column followed by the same letter(s) are not significanty different at the P = 0.05.
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Figure (1): Reprehensive sample of amplification profiles in 19 Egyptian wheat varieties: A)
showing one prominent fragment amplified using GWM 368, B) showing two
migrating prominent fragments amplified using GWM 140, C) showing two
migrating prominent and additional fragment amplified using GWM 155. The
molecular weight standard consisted of a 10 bp ladder
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Figure 2: Relationship betweem gene diversity and the number of alleles detected by 42
microsatelite loci in 19 Egyptian wheat varieties.
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