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ABSTRACT

Pedigree-based selection method combined with marker-assisted selection (MAS) provides a
suitable resource for deriving elite lines with more favorable characters. Using field experiments
and molecular markers we evaluated diversity of wheat advanced Fs and Fg lines derived from
cross Tajan/PBW299//MILAN/SHA7 aimed to select elite ling(s) with favorable characters
[resistance to yellow rust (YR) and fusarium head blight (FHB)] . Selection for several important
traits, including resistance to yellow rust, fusarium head blight and general Tajan plant type was
conducted during 5 and 6 generations. Genetic diversity of Fs and Fg lines was studied using 32
and 47 polymorphic loci produced by long AP-PCR primers. Results showed that there was a
great diversity within and between studied advanced lines. Average gene diversity across
polymorphic loci for the two generations was 29% and 28.8%, respectively. Genome content of
Tajan cultivar in Fs lines ranged between 35% to 76.5% (with average of 57.5%). Five percent
of Fs lines harbored 77% of Tajan genome. However, 62.8% to 90.2% (in average 75.8%) of Fg
genome was inherited from Tajan. Five percent of Fg lines harbored ~90% of Tajan genome.
These results indicate that advancing progenies from Fs to Fg increased the contribution of
genome content of Tajan cultivar due to selection pressure in favor of Tajan plant type.
Phenotypic evaluations in combination with MAS helped us to identify and select a few Fg eite
lines resistant to YR and FHB with Tajan plant type. Our results markedly show that selection
made by breeder has diverse effects on genetic structure of plant material, particularly in favor
of fixating genetic background of superior parent.
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INTRODUCTION

Bread wheatTriticum aestivum) plays a vital role in food security atlgdl level. Many studies
conducted by scientists and field breeding empldyethrmers are intensively aimed to develop
more productive cultivars with desirable characteesng targeted. These characters include
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adaptation to extreme environmental conditionsrasdtance to pathogens causing heavy losses
in production [14].

Molecular marker-assisted selection (MAS) involveslection of plants carrying genomic
regions that are involved in the expression otdraf interest through molecular markers. In the
context of MAS, DNA-based markers can be effecyiudilized for tracing favorable allele(s)
(dominant or recessive) across generations andifiglag the most suitable individual(s) among
the segregating progeny, based on allelic compositicross a part or the entire genome.
Pedigree MAS [11] is especially relevant for crapsch as wheat, where pedigrees of elite
germplasm are known. Fingerprinting elite wheatemals must be conducted in a set of lines
actively used in the breeding programme, and te @efiaterials to be subsequently released. The
data may be combined with the phenotypic data cielte during different selection cycles to
identify favorable alleles for trait(s) of interesb that if an elite line contains alleles forlgie
performance in a target environment, their freqyestould be higher than the expected random
frequency in offspring derived from this elite pata line. This shift in allelic frequency reflects
phenotypic selection by breeders and may be idedtiby comparing fingerprinting data of
parents and their offspring. Once the favorablelesl are identified, DNA markers closely linked
to the target genomic regions can be used to aeteléxation of favorable alleles in the next
selection step [5].

Assessment of crop germplasm diversity phenotylyicalusually devoid of the resolving power
needed to identify an individual genotype. Idenéfion based on morphological characters is
time consuming and requires extensive field traadd evaluation [4]. In addition, morphological
differences may be epigenetic- or genetic-basedactexs [8, 9, 17]. Molecular markers due to
their advantages against to morphological and leioebal markers such as their plentifully,
independence of tissue or environmental effectgerdity identification and selection in the
earlier stages of plant development, can be a ussfmplement to morphological and
physiological characterization of plants [3]. Amotige various molecular markers available,
RAPD analysis is a simple, rapid, and effective hodtfor detecting polymorphism in wheat
[18]. Arbitrary primed polymerase chain reactiorPRCR) is a special case of RAPD, wherein
discrete amplification patterns are generated bpleymg single primers of 10-50 bases in
length in PCR of genomic DNA. The final producte atructurally similar to RAPD products.
Recently, it has been simplified by separatingfthgments on agarose gels and using ethidium
bromide staining for visualization [7]. Saini et §l3] compared AP-PCR using long primers
with RAPD and showed that AP-PCR yields more polgghsm per primer than RAPD in
mung bean. The use of molecular marker analysig. (RP-PCR) studying genetic diversity and
marker-assisted selection in wheat lines advangegdedigree method was less reported. The
objective of this work was to analyze genetic détgrwithin and between wheat advanced lines
and to evaluate the fixation rate of genetic baolgd of superior parent Tajan withig &d F
lines advanced by pedigree method.

MATERIAL AND METHODS
Plant Material
The plant material used in this study were the $igter line populations of advanceg gfants
each containing 20 individuals, and two sister |lp@pulations of advanceds Fplants each
containing 10 individuals, derived from Tajan/PBV8AMILLAN/SHA7 cross, which had
passed five and six generations of selection feers¢ important traits such as resistance to
fusarium head blight (FHB) and yellow rust (YR),dageneral Tajan plant type. They were
obtained from Cereal Research Institute, Gorgam, &md were sown in 2009 and 2010.
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Sampling and DNA Extraction

Genomic DNA was isolated from young leaves of @anbm each sister line population using
CTAB method [12] with some modifications [2]. DNAaw checked for the quality and quantity
by electrophoresis on 1% agarose gels after staimith ethidium bromide.

AP-PCR marker analysis

A total of 10 AP-PCR primers were used for PCR aincption of DNA from advanced lines as
well as from Falat cultivar. PCR was performed gsm PeqgSatr Thermocycler. The PCR
reaction mixture contained 5 pl @B, 5ul PCR Master Mix (Cinnagen, Iran), 0.5 pl pgmand

1 pl template DNA in a 0.2 ml tube. PCR amplificativas performed with a hot start of@4(5
min) followed by 35 cycles of denaturation at’®4for 35 sec, annealing at %5 for 30 sec.,
extension at 7Z for 1 min. final extention was carried out af@Zor 7 min. Amplified DNA
fragments were separated by 2.5% agarose geladbctresis in 1x TBE buffer. The DNA bands
for each primer determined based on their relatiigration to molecular weight size. They were
visualized by staining with ethidium bromide andre&v@hotographed under UV light using the
gel documentation system (BioRad, USA).

Band scoring and data analysis

AP-PCR bands were scored as present (1) or ab8enDéta analysis was performed using
PopGen32 software. Several indices of populatioreties, such as number of polymorphic loci,
observed number of alleles(n effective number of alleles {n Nei's gene diversity (h),
Shannon's information index (I) were calculatedniirity matrix was computed based on Nie's
unbiased measures of genetic identity and geneastarste [10] and used to construct
dendrogram by unweighted pair group methods withraetic average (UPGMA) [16].

RESULTSAND DISCUSSION

Ten AP-PCR primers showed multi-locus pattern (fFégll), so they produced 2 to 14 bands,
from which 2 to 13 were polymorphic. In average,(28%) and 47 (90%) polymorphic markers
were detected insFand k generations, respectively, which is relativelyh@g than the use of
RAPD markers tested by Abd-El-Haleetral. [1] in durum wheat.

In the case of first sister line ins §eneration, number of observed alleles ranged dsgtwl-2,
with the average of 1.67. The average number etcéife alleles was 1.40, and ranged between
1-1.99. Total number of detected loci was fifty, 82them were polymorphic. Percentage of
polymorphic loci was 62.7%. Shannon informationexdor polymorphic loci ranged from
0.191 to 0.692, with average of 0.35. Nie's generdity ranged from 0.091 to 0.499, with
average of 0.23 (Table 1).

For the second sister line iR §eneration, number of observed alleles rangeddmatvi-2, with
the average of 1.95. The average of number of tefee@lleles was 1.60. Total number of
detected loci was twenty, 19 of them were polymarpRercentage of polymorphic loci was
95%. Shannon information index for polymorphic legnged from 0.191 to 0.692, with average
of 0.52. Nie's gene diversity ranged from 0.0910td99, with average of 0.35 (Table 1).
Altogether, E generation showed 0.28 gene diversity.
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Figure 1. A sample of banding pattern produced by two AP-PCR primerson Tajan cv. and 20 advanced Fg
lines.
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Table 1. Genetic diversity parametersfor two sister linesin Fs generation (Popl and Pop2) and one
population in Fs generation (Pop3) each consisted of 20 individuals.

No. Ny Ne No. No. Polymorphic| Shannon | Nie's gene| Contribution of
samples loci | polymorphic| loci (%) information | diversity | Tajan geneome
loci index (%)
Pop 20 1.67 | 140 | 50 32 62.7 0.348 0.232 68.3
Pop 20 195|160 | 20 19 95.0 0.517 0.348 46.8
Mean 20 181 150 | 35 255 78.8 0.433 0.290 57.5
sth - 0.476)| 0.377| - - - 0.199 0.282 -
st - 0.224)| 0.320| - - - 0.230 0.182 -
Pop3 20 192 | 147 | 52 47 90.4 0.442 0.288 75.8
sth - 0.272| 0.310| - - - 0.203 0.153 -

n,and n:: observed and effective number of alleles, respectively; sdi, sd» and sds: standard deviations of Popy, Pop,
and Pops, respectively.

Analysis of genetic identity of individuals in 2 populations using unbiased measure of genetic

identity and genetic distance [10] showed that oution of Tajan cultivar genome insF
individuals was variable, ranging from 62.8% to5P6. (with average of 68.3%) for first sister
line, and from 35% to 65% (with average of 46.8%1) $econd sister line. Five percent gf F
lines harbored 77% and 65% of Tajan genome, raspctn the case of first and second sister
lines (Figure 2). Average calculated genetic idgraf the two sister lines obviously deviates
from expected value (68.3% vs. 50% for first sidiee and 46.8% vs. 50% for second one).
These results indicate that selection effect wassiderable, but in opposite directions (positive

in the case of first sister line and negative ia tdase of second one). This finding shows the

importance of making selections based on molecubakers to obtain lines with desirable traits
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from donor parent along with maintaining generanpltype of commercial recipient parent;
Thus, our results again confirms the preferenddA&$ for crop improvement [15].

In Fs generation, average number of observed alleles M@2 (sd=0.272). The average of
number of effective alleles was 1.47 (sd=0.31).alaumber of detected loci was 52 and 47 of
them (90.4%) were polymorphic. Shannon informaiimhex for polymorphic loci ranged from
0.198 to 0.692, with average of 0.442 (sd=0.153%'sNgene diversity ranged from 0.095 to
0.499, with average of 0.288 (sd=203) (Table 1).

Analysis of genetic identity of individuals ins population showed that contribution of Tajan
cultivar genome in gindividuals was variable, ranging from 62.8% ta296, and averaged to
75.8%. Five percent ofgHines harbored ~90% of Tajan genome (Figure 3)ctwtubviously
deviates from expected value (0.50), indicating thahis population selection effect in favor of
Tajan genome was considerabl&erefore, breeders must use molecular markersléatsthose
plants with much contribution of Tajan genome (@ glant with 90.2% similarity; Figure 3) and
carrying desirable donor traits such as yellow amt FHB resistances.
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Figure 2. Background marker-assisted selection to obtain contribution of Tajan genomein 2 advanced sister
lines of F5 generation.
Values of contribution of Tajan cultivar are shown on horizontal axis.
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As seen in Table 1, average gene diversitysiw&s calculated equal to 29% and that gé&ual
to 28.8%. This shows that advancing fromtb K based on phenotyping selection did not
decrease genetic diversity due to selection pregauavor of Tajan plant type.
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Figure 3. Background marker-assisted selection to obtain contribution of Tajan genome in advanced lines of
Fs generation.
Values of contribution of Tajan cultivar are shown on horizontal axis.

i
Figure 4. Field evaluation of Tajan-derived Fg lines (Ieft and middle) for yellow rust resistance using natural
infection by culturing spreader cultivar (right).
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Genetic identities to Tajan in twg Bdvanced lines were 68.3% and 46.8% (in averade/g7
and in 5 was 75.8% (Table 1). Therefore, selection effedavor of fixation of Tajan genome
Fe is 18.3%. This indicates that phenotypic selectmmgeneral Tajan plant type has been very
effective. Furthermore, only a fews fines after 6 generations of selection for resistato
yellow rust (see Figure 4) and fusarium head blgjiawed resistance to these two constraints,
indicating that these traits have not been yetiéidand hence, selection must be continued until
fixation of these traits.

The results of this work indicate that improvindiree of Tajan type with resistances to yellow
rust and fusarium head blight will be more prongswhen using marker-assisted selection
(MAS). Gadaletaet al. [6] using molecular markers in a set of 28 ;Blines found that
contribution of recurrent parent genome ranged eetw76 to 99% which did not deviate from
expected value.

CONCLUSION

Our results indicate that advancing plants frojd=F; increased contribution of Tajan genome
due to selection pressure in favor of Tajant plamte. Detection of plants insFand
generations with variable contribution of Tajan gewe indicates the possibility of combined
selection for obtaining elite lines with favoralbtharacters from donor plants and harboring
background of known commercial cultivars. Our resuharkedly show that selection made by
breeder has diverse effects on genetic structupdant material, particularly in favor of fixating
genetic background of superior parent.
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