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Abstract

Persian walnut (Juglans regia L.) is a valuable economic plant used worldwide for its wood and nut fruit. In the current
study, the genetic variation of 21 selected walnut genotypes from different regions of Iran was described using nut
pomological properties, ISSR primers, and DNA analyses based on SSR primers. Nut pomology revealed nut weight of
selected genotypes ranged from 12.1 to 17.5g (OR23). Kernel weight varied from 5.3 to 10.3 g (OR23), and kernel fill
percentage ranged from 43.4 to 62.7% (T12). PCR amplification with ISSR primers revealed 112 bands obtained with
91% polymorphism. Numbers of amplified bands ranged from 9 to 14. The highest primer resolving power (Rp), 7.71, was
obtained with the UBC.884 primer and highlights the ability of the most informative primers to differentiate between the
genotypes. The average band informativeness (AvIb) varied from 0.14 (UBC.886) to 0.62 (UBC.887 and UBC.888). Using
the Jaccard coefficient, genetic similarity values among walnut genotypes varied from 0.52 to 0.88. The dendrogram of
UPGMA analysis with ISSR primers classified walnuts genotypes in two main groups and three sub-groups. PCoA largely
confirmed cluster analysis results. Genotypes collected from Shahrood displayed lower genetic variation and the Tuyserkan
and Urmia genotypes were more genetically distant. Unique DNA profiles were established for all studied genotypes based
on three distinct microsatellite loci.
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ISSR: inter-simple sequence repeats, SSR: simple sequence repeats

UPGMA: unweighted pair group method with arithmetic

4 Mehdi Rezaei mean,
mhrezaei @shahroodut.ac.ir

! Horticulture Department, Agriculture Faculty, Shahrood Introduction
University of Technology, Shahrood, Iran

?  Plant Biotechnology Department, Agriculture Faculty, Persian walnut (Juglans regia L.) is one of the most impor-
Shahrood University of Technology, Shahrood, Iran tant cultivated walnut species in the worldwide. Walnut, as

3 Semnan Agriculture and Natural Resources Research Center, a nut fruit, has economic and nutritional value beneficial
Shahrood, Tran to human health (Anderson et al. 2001; Ros and Mataix
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ing genotypes in Iran; each with the potential to be intro-
duced as a cultivar for use worldwide (Ebrahimi et al. 2015;
Khadivi-Khub and Ebrahimi 2015; Vahdati et al. 2015).
Seedling trees and difficulty in identifying superior geno-
types in nursery grafted seedlings have hindered walnut
orchard establishment in Iran. Morphological markers can
be used to identify superior cultivars and genotypes how-
ever significant challenges limit the reproducibility of this
method. Environmental conditions, insufficient genotypic
variation, and developmental stage can confound analyses
of resultant data while profiles of traits only apparent years
after planting (flowers, fruits) may not be captured at all
(Weising et al. 2005). DNA marker-based identification is
cost-effective, fast, precise, and reliable for identification of
important plant cultivars in agriculture and horticulture as
well as for practical breeding and related areas such as plant
proprietary rights protection (Carrasco et al. 2012; Potter
et al. 2002; Weising et al. 2005). Microsatellites uncover
maximal/minimal variation between cultivars, environmen-
tal stability and are reproducible making them highly suc-
cessful for use in accurate identification of specific geno-
types (Vieira et al. 2016; Weising et al. 2005). DNA markers
have proven effective for identification of grape (Haddou
et al. 2018; Migliaro et al. 2017; Zhang et al. 2018), olive
(Ben Ayed et al. 2016; Zhan et al. 2015) and walnut (Dangl
et al. 2005; Foroni et al. 2007; Pang et al. 2017; Zhao
et al. 2017). Molecular marker techniques commonly used
to estimate genetic diversity and classify genotypes, are
simple sequence repeats (SSR) (Christopoulos et al. 2010;
Ebrahimi et al. 2011; Foroni et al. 2006; Vahdati et al.
2015), inter-simple sequence repeats (ISSR), random am-
plified polymorphic DNA (RAPD) (Fatahi et al. 2010; Pot-
ter et al. 2002), amplified fragment length polymorphism
(AFLP) (Bayazit et al. 2007) and single nucleotide poly-
morphisms (SNPs) (Ciarmiello et al. 2013).

Thus, molecular markers represent an ideal tool to ac-
curately and exclusively characterize superior walnut geno-
types by detection of DNA polymorphisms and establish-
ment of a unique “fingerprint” for use in rapid screening of
plant materials.

Materials and Method
Plant Materials and Evaluation

More than 400 walnut genotypes were collected from the
major walnut regions of Iran (Tuyserkan, Urmia, Karaj,
and Khorasan). They were cultured in a walnut collection
at Shahrood Agricultural and Natural Resources Research
and Education Centre, Shahrood, Iran (longitude: 54°57 E,
latitude 36°25’ N, 1367 m elevation) in 1998. Shahrood has
a cold and dry climate with an average annual temperature
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Table 1 Genotype differentiation. Identification and location of
selected Juglans regia L. genotypes

No Genotype ID Location

1 K26 Karaj

2 K28 Karaj

3 KH4 Khorasan
4 KH31 Khorasan
5 KH34 Khorasan
6 OR4 Urmia

7 OR23 Urmia

8 OR26 Urmia

9 OR37 Urmia

10 R1G2 Shahrood
11 R1G6 Shahrood
12 R1G7 Shahrood
13 R2G1 Shahrood
14 R2G3 Shahrood
15 R2G4 Shahrood
16 R2G5 Shahrood
17 R2G8 Shahrood
18 SH1 Shahrood
19 T1 Tuyserkan
20 T9 Tuyserkan
21 T12 Tuyserkan

of 14.4°C, relative humidity of 63%, and average rainfall is
about 160mm per year. Genotypes used in the study orig-
inated from seed material obtained from trees within the
major walnut production regions of Iran (Karaj, Khorasan,
Shahrood, Tuyserkan, and Urmia) that previously produced
superior fruit. Horticulture practices such as irrigation, ferti-
gation and foliar application, pruning, pest management and
harvesting were similarly performed on all studies geno-
types before being assessed for commercial bearing from
2011 to 2016. Twenty-one superior genotypes, grafted on
seedling rootstocks, were selected based on their pomolog-
ical characteristics (International Plant Genetic Resources
1994) and adaptation to the Shahrood climate (Table 1).
Measurements of each nut and kernel traits were based on
30 replicates and the mean values were used. The identifi-
cation and location of walnut genotypes used in the study
were reported and mapped (Table 1, Fig. 1).

DNA Extraction and Amplification

Leaves of the 21 selected genotypes were collected in
spring, immediately frozen in liquid nitrogen, and stored at
—80°C. Genomic DNA was extracted from leaf tissue us-
ing the CTAB method (Doyle and Doyle 1987) with minor
modifications. Quality and concentration of the extracted
DNA were assessed by Nanodrop (Implen EN N-60) and
visualized on a 0.8% agarose gel.
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Fig. 1 Map of collection regions
for Iranian walnut genotypes
used in this study
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Table2 SSR primers. Primer pairs used to characterize 21 Juglans regia L. genotypes

Locus Repeat array Primer pairs Tm (°C) Allele range (bp)

WGAO001 (GA)5GCA(GA)3GCA(GA)3 ATTGGAAGGGAAGGGAAATG 56 165-205
CGCGCACATACGTAAATCAC

WGA009 (GA)16 CATCAAAGCAAGCAATGGG 52 180-220
CCATTGCTCTGTGATTGGG

WGA032 (€D19 CTCGGTAAGCCACACCAATT 52 210-260
ACGGGCAGTGTATGCATGTA

WGA054 (GA17 CTAGGCTTCCCTAGCCGTG 46 110-140
GGCTCCTCTCGATCTCGAC

WGA089 (GD13(GA)21 ACCCATCTTTCACGTGTGTG 56 220-250
TGCCTAATTAGCAATTTCCA

WGA276 (GA)14 CTCACTTTCTCGGCTCTTCC 54 170-210
GGTCTTATGTGGGCAGTCGT

Bp basepair

SSR and ISSR Primers and PCR Amplification

Six black walnut (Juglans nigra L.) SSR primer pairs were
developed for black walnut (Dangl et al. 2005; Wang et al.
2008). Ten ISSR primers were selected based on poly-
morphism information content (PIC), heterozygosity rate,
and number of observed alleles (Christopoulos et al. 2010;
Ebrahimi et al. 2011; Foroni et al. 2006; Vahdati et al. 2015)

(Tables 2 and 3). Polymerase chain reaction (PCR) amplifi-
cations were performed in 15 pl reactions: 7.5 ul of 1X PCR
master mix (Sinaclon, Iran), 1ul primer pair (10pM), 1ul
(100ng) template DNA and 5.5ul ddwater. Touchdown
PCR reactions 5min at 95°C, then 35 cycles of 1min
at 95°C, 1 min at annealing temperature (Tables 2 and 3),
and 2 min at 72 °C, followed by a final extension of 72 °C for
10min. PCR products from ISSR and SSR primers were
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Table 3 ISSR primers. Primer pairs used to characterize 21 Juglans
regia L. genotypes

Primer ID Primer sequence Tm (°C)
S.14 AGAGAGAGAGAGAGAGT 48
UBC.826 ACACACACACACACACC 54
UBC.840 GAGAGAGAGAGAGAGAYT 53
UBC.850 GTGTGTGTGTGTGTYC 52
UBC.853 TCTCTCTCTCTCTCTCRT 50
UBC.884 HBHAGAGAGAGAGAGAG 48
UBC.886 VDVCTCTCTCTCTCTCT 52
UBC.887 DVDTCTCTCTCTCTCTC 50
UBC.888 DBDCACACACACACACA 54
UBC.890 VHVGTGTGTGTGTGTGT 54

B=(C,GT); D=(AGT); H=(AGT); R=(AG); V=(A,C,G);
Y=(CT)

visualized on 2% MetaPhor™ agarose gels in 1X TAE
buffer. Alleles of SSRs were sized and scored visually us-
ing a transcription ruler alongside a reference DNA ladder
(Jena Bioscience GmbH). PCR products were stored at
4°C until needed.

Molecular Data Analysis

Amplified band range, total number of bands, number
of polymorphic bands, polymorphic percentage, average
band informativeness (AvIb), and resolving power (Rp)
were determined for each locus. Band informativeness
(Ib), [Ib =1-(2x10.5—-pl], where p is the proportion of
total genotypes containing the band, and resolving power
(Rp), [Rp=Z Ib], the sum of band informativeness, were
calculated according to published formulas (Prevost and
Wilkinson 1999).

A phonogram for the 21 selected genotypes was con-
structed using UPGMA (unweighted pair-group method
using arithmetic average) based on the Jaccard’s similar-
ity index of ISSR data by simple matching using Ntsys
2.1 software (http://www.exetersoftware.com/cat/ntsyspc/
ntsyspc.html). GenAlex6.5 software (http://biology-assets.
anu.edu.au/GenAlEx/Welcome.html) was used to generate
the principal coordinate analysis (PCoA) based on the
distance genetic matrix (Peakall and Smouse 2006). Prob-
ability of exclusion (P1) for each SSR loci was calculated
with GenAlEx 6.5 software.

Table4 Pomology. Fruit prop-

erties of 21 selected Juglans ;})enotype Nut length Nut diameter Nut weight Kernel weight Kernel fill (%)
regia L. genotypes (em) (em) © ©

K26 4.2 3.6 17.3 8.6 49.7
K28 4 3.6 15.8 8.3 52.5
KH4 3.6 32 15.8 7.6 48
KH31 4.3 3.9 15.7 53 43.4
KH34 34 3 13.3 6.4 48
OR4 3.7 32 14 6.3 45
OR23 4.1 3.8 17.5 10.3 58.8
OR26 3.8 3.1 16.8 7.6 454
OR37 33 3.1 12.5 7.3 58.4
RIG2 4.1 39 12.6 7.9 62.7
R1G6 3.6 34 12.1 5.8 47.9
R1G7 3.1 34 14.2 6.9 48.6
R2Gl1 3.5 33 13.4 6.9 46
R2G3 3.8 3.6 13.7 6.5 50
R2G4 3.6 3.5 14.2 6.9 49
R2G5 35 3.4 13 6.8 52
R2G8 4 3.9 17 8.5 50
SH1 3.7 3.6 13.6 7.5 55
T1 3.8 3.4 14.2 7.3 48.3
T9 3.5 3.4 13.9 7.4 532
T12 35 34 13.9 7.9 62.7
Min 3.1 3 12.1 53 43.4
Max 4.3 3.9 17.5 10.3 62.7
Mean 3.72 3.46 14.34 7.33 51.17
STDEV 0.31 0.27 1.69 1.08 5.53
Variance 0.097 0.071 2.87 1.17 30.57
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Table 5 Polymorphisms identified by ISSR primers on Juglans regia L. genotypes

Locus Sequence Band range No. of bands Polymorphic bands Percent polymorphism AvIB Rp
S.14 (AG)8T 250-1200 12 10 83 0.5 6.1
UBC.826 (AC)8C 150-1200 14 14 100 0.6 7.7
UBC.840 (GA)BYT 150-1500 11 10 91 0.4 4.5
UBC.850 (GT)7YC 150-900 9 9 100 0.4 3.7
UBC.853 VDG(CT)7 200-1000 9 78 0.3 2.9
UBC.884 HBH(AG)7 200-700 9 78 0.1 1.2
UBC.886 VDV(CT)7 150-800 9 9 100 0.6 5.6
UBC.887 DVD(TC)7 250-1200 12 12 100 0.6 7.4
UBC.888 DBD(CA)7 150-1200 14 11 79 0.5 6.6
UBC.890 VHV(GT)7 150-1000 13 13 100 0.5 6.6
Total - - 112 102 - - -

B=(C,GT); D=(AGT), H=(A,GT); R=(A,G); V=(A,C,G); Y=(CT)

AvIB average band informativeness; Rp resolving power

Results and Discussion
Pomology for Selected Juglans regia L. Genotypes

Pomological trait evaluation indicated that average nut and
kernel weights among genotypes were 14.34 and 7.33 g,
respectively (Table 4). The highest nut weight, 17.55 g, was
recorded in in OR23 genotype. Nut weights collected in this
study were greater than those from central Iran (15.25g)
(Arzani et al. 2008), east Anatolia, Turkey (17.04 g) (Yaril-
gac et al. 1999), north-eastern Anatolia, Turkey (16.01 g)
(Aslantag 2006), but lower than those reported by Ebrahimi
et al. (2011) for walnuts in Fars province, Iran (17.7g).
Higher nut weights were also reported for Azadshar, Iran
(19.79g) (Shamlo et al. 2017), Adilcevaz, Turkey (23.81g)
(Sen and Tekintas 1990), Kamal-Abad, Iran (20g) (Atefi
2001), Himachal Pradesh, India (18.60g) (Sharma and
Sharma 1998), and the Oltenia region of Romania (18.40g)
(Cosmulescu and Botu 2012). Ideal kernel weights for
walnut range between 6—10g and have at least 50% kernel
fill percentage (Khadivi-Khub et al. 2015). Twelve of our
21 studied genotypes neared the preferred kernel weight
and fill range. Kernel weights for 20 of 21 selected geno-
types were greater than 6 g. Average kernel fill percentage

Fig.2 The pattern of amplified
DNA fragments from 21 se-
lected walnut genotypes with
UBC.826 primer loading on 2%
MetaPhor™ agarose gels

was 51.17 and ranged from 43.4% in KH31 to 62.70% in
T12 (Table 4). Nine genotypes (KH4, KH31, KH34, OR4,
OR26, R1G6, R1G7, R2G4, T1) had kernel fill percentages
of less than 50% (Table 4). Kernel pigmentation for all
21 genotypes was considered light and 13 genotypes (K28,
KH31, KH34, OR23, R1G6, R1G7, R2G1, R2G5, R2GS8,
SH1, T1, T9) had easily extracted kernels (Fig. 3). Previ-
ous research by Arzani et al. (2008); Cosmulescu and Botu
(2012); Yarilgac et al. (1999) and Yarilgac et al. (2001)
indicated these two traits were consistent in superior walnut
selections.

Molecular Analysis
ISSR Markers

Ten ISSR primers were used to assay the genetic variation
of 21 superior Iranian walnut genotypes from Shahrood,
Iran (Fig. 2). A total of 112 bands were obtained from
the PCR reaction, which showed 102 polymorphic bands,
representing approximately 91% of the polymorphism (Ta-
ble 5). Pollegioni et al. (2004) observed 31 of 54 (57.4%)
bands from 48 walnut genotypes were polymorphic using
8 ISSR primers. Study of germplasm diversity and genetic
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relationships among walnut cultivars and Greek walnut va-
rieties with ISSR revealed 82.8% polymorphism among
amplified bonds (Christopoulos et al. 2010). In a study
of 104 walnut genotypes from China, Li et al. (2011) re-
ported 481 polymorphic bands from 485 amplified DNA
fragments (91.1%) using 121 ISSR primers. Dogan et al.
(2014) reported 69.1% polymorphism with 25 ISSR primers
on 59 Turkish walnut genotypes. Array of DNA bands and
polymorphism percentages in ISSR markers is dependent
upon rate of genetic diversity and numbers of studied geno-
types. Furthermore, incorporation of degenerative primers
increased the likelihood that more bands would be ampli-
fied from genomic DNA.

Number of amplified bands ranged from 9 to 14 with
the percentage of polymorphic bands ranging from 78 to
100% (Table 5). Primer UBC.884 was the most polymor-
phic with 14 bands and also had the highest Rp value
(7.71). The lowest Rp value, (1.24), was recorded for
UBC.886 while AvIb varied from 0.14 (UBC.886) to 0.62
(UBC.887 and UBC.888) (Table 5). The highest and lowest
Rp values for Greek walnut germplasm were represented
by UBC.814 (18.8) and UBC.830 (0.86) while the Rp value
of AFLP markers in walnut genotypes was reported to be
16.2 (Bayazit et al. 2007; Christopoulos et al. 2010).

ISSR-based Genetic Relatedness

Genetic similarity values varied from 0.52 to 0.88. Sig-
nificantly higher similarities were observed between R1G2
and R2G1 and between R1G2 and R1G7 with significantly
lower similarities observed between OR37 and T9 (Data
not shown). Genotypes collected from Shahrood were most
similar while those from Tuyserkan and Urmia had the max-
imum genetic distance, making them more suitable for use
in breeding programs. ISSR primers are useful in a wide
range of studies, including genetic variation, phylogeny,
genetic mapping, and evolutionary biology (Christopoulos
et al. 2010; Li et al. 2011; Prevost and Wilkinson 1999) and
for tree species such as walnut (Li et al. 2011), olive (Sesli
and Dilsat Yegenoglu 2018), apricot (Zhang et al. 2018)
and plum (Carrasco et al. 2012). The dendrogram based on
UPGMA analysis showed the relationship between Persian
walnut genotypes based on the Jaccard coefficient index
(Fig. 3).

The 21 selected walnut genotypes were classified in two
main groups based on the 10 ISSR markers. Group I (GI)
was composed of 16 genotypes and Group II (GII) was pop-
ulated by only 5 genotypes. Also, with a similarity coeffi-
cient of 0.77, GI was divided into three sub-groups (Fig. 3).
The majority of genotypes within subgroup one (GIA), ex-
cept KH4 and OR37, originated from Shahrood. Higher
levels of genetic similarity were observed between R1G2

Fruit Shell Kernel Shell Kernel
shape surface removal thickness color
| R2G1 Ovate Moderate Easy Thin Light amber
R1G2 Ovate Smooth  Medium Medium Light amber
R1G7 Ovate Smooth Easy Medium Light amber
G1A R1G6 Ovate Smooth Easy Medium Amber
— R2G5 Ovate Smooth Easy Thin Amber
_: R2G3 Ovate Smooth Medium Medium Light amber
KH4 Ovate Moderate Medium Medium Light
OR37 Ovate Smooth Medium Thin Extra light
KH34 Ovate Moderate Easy Medium Amber
Group 1 G1B _I OR26 Elliptic Moderate Medium Thick Light
SH1 Ovate Smooth Easy Thin Extra light
I R2G8 Round Low shrivel Easy Thick Light amber
G1C K26 Elliptic Moderate  Difficult Thick Light
OR23 Ovate Moderate Easy Thin Light
— T12 Round Smooth Medium Thin Light
L_ ka8 Ovate Moderate Easy Thin Light
R2G4 Ovate Moderate Easy Thin Amber
| KH31 Ovate Moderate Easy Thin Extra light
Group 2 || L Tl Ovate Smooth Easy Thick Amber
OR4 Trapezoid Moderate Medium Thick Light
T Round Smooth Easy Medium Amber
[rrrr | 1rrr1r o1 1 111 T T1
0.67 0.72 0.78 0.83 0.88
Coefficient

Fig.3 UPGMA analysis. Dendrogram of 21 selected Juglans regia L. genotypes based on 10 ISSR primers

@ Springer



Identification and DNA Fingerprinting of Some Superior Persian Walnut Genotypes in Iran

399

Principal Coordinate Analysis (PCoA)

Coord. 1

Fig.4 Principal coordinate analysis (PCoA). Similarity matrix of
21 Juglans regia L. genotypes obtained from 10 ISSR primers

and both R1G7 and R2G1. The second subgroup (G1B) in-
cluded genotypes KH34, OR26, and SH1. Genotypes K26,
K28, OR23, R2GS8, and T12 were classified in the third
subgroup (G1C) (Fig. 3). Genotypes with greater genetic
distances (KH31, OR4, R2G4, T1 and T9) were all in GIIL.
Principal component analysis (PCoA) showed a division be-
tween the 21 genotypes into three groups (A, B, C) (Fig. 4).
The majority of genotypes in Group A matched those from

GI and originated in Shahrood. Groups B and C each held

- ‘ K28 a single Shahrood genotype. Genotypes in Group C, with
0] KZSOO R1G7 R2G1 the exception of OR23, were all GII. Thus, PCA analysis
R1G6 ,9620 largely supported cluster analysis results. Approximately
OR23 18.6%, 24.1%, and 20% of variation from Groups A, B,
R2GS ;

o~ (@] - and C respectively account for greater than 62% of over-
S Ors OTl OORT“ OSHI all variation. These data indicate the ISSR primers worked

°© o ® o well.

263 OORZG
O KH34 Oxm SSR Markers
0R37O . .

All SSR primers used here were polymorphic and amplified

31 polymorphic alleles ranging from 110bp in WGA054 to
260bp in WGAO032. Allelic frequency amplification of six
microsatellite loci in 21 walnut genotypes revealed more
than 32% of alleles have frequencies greater than 0.25 and
19% have frequencies lower than 0.05 (Fig. 5). Number of
different alleles (Na) varied from 4 to 8, with an average of
5.17 alleles per locus (Table 6). WGAO09 had the highest
number of effective alleles (Ne=5.8) and the highest Shan-
non’s information index value (I=1.88) while WGA089 had
the lowest Ne (3.22) and I (1.23). Observed heterozygosity
(H,) ranged from 0.00 in WGAO089 and WGAOQO1 to 0.95
for WGAO009 and WGAO054 with an average value of 0.58

Fig.5 Allelic frequencies across 0.450 _
six microsatellite loci for -
21 Juglans regia L. genotypes 0.400
30.350
& 0.300 m 1
3 .
§'D.250
« 0.200
A
E 0.150
= 0.100
0 AUAE
o.000 SIS ICLEIARTE UL ] T i T T ]
3ﬂ222|2ﬂ233:32|2ﬁﬁﬂﬁlﬁﬁﬂﬁﬁﬂﬁﬂﬁﬁﬂﬁﬂ
WGA001 WGAO009 WGAO032 WGAO054 WGA089 WGA276
Locus
Table 6 Genetic characterization. Six SSR primers for 21 Juglans regia L. genotypes
Locus Na Ne I Ho He uHe F PE
WGA001 5 3.45 1.36 0 0.71 0.73 1 0.63
WGA009 8 5.8 1.88 0.95 0.83 0.85 -0.15 0.84
WGAO032 5 3.47 1.39 0.76 0.71 0.73 -0.07 0.66
WGA054 4 3.74 1.35 0.95 0.73 0.75 -0.29 0.66
WGAO089 4 3.22 1.23 0 0.69 0.71 1 0.58
WGA276 5 3.45 1.37 0.81 0.71 0.73 -0.14 0.65
Mean 517 3.85 1.43 0.58 0.73 0.75 0.22 0.67
SE 0.6 0.4 0.09 0.19 0.02 0.02 0.25 0.089

Na number of different alleles; Ne number of effective alleles, / Shannon’s Information Index, Ho observed heterozygosity, He expected
heterozygosity, uHe unbiased expected heterozygosity, F fixation index, PE probability of exclusion
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Fig.6 Genotypic identification. Loci combinations used to identify the
21 specific genotypes

for all studied SSR primers. Expected heterozygosity (He)
ranged from 0.69 in WGAO089 to 0.83 for WGAO009 with
an average value of (.73 (Table 6). Differences between H,
and H, for WGAO089 and WGAOOI may be associated with
the DNA separating properties of MetaPhor™ agarose as it
can only separate DNA fragments greater than 4 bp apart. In
contrast, Dangl et al. (2005) reported Ho values of 0.57 and
0.61 for WGAO001 and WGAO089 in 44 walnut genotypes.

Fingerprinting With SSR Primers
WGAO009 displayed maximum probably of exclusion (Ta-

ble 6). DNA fingerprint analyses at 6 loci indicated that
3 loci (WGAO009, WGAO032, and WGA276) were unique

across the 21 selected genotypes (Fig. 6, Table 7). WGA009
exhibited a unique profile for five genotypes (K26, KH34,
OR23, R1G6, R2G3), but when combined with WGA276,
14 of the 21 genotypes were unique. The third loci
WGAO032, was used with R2G4 and T12 genotypes to
produce an individualized profile (Table 7). DNA profiles
were compiled for each of the 21 genotypes (Table 7).

Conclusion

Climate change can affect morphological traits in plants
however in collection establishment morphology is influ-
enced more by genotype and generic differences than en-
vironmental impacts. Initial evaluation of Persian walnut
cultivars at Shahrood Agricultural and Natural Resources
Research and Education Center (Shahrood, Iran) resulted in
selection of 21 walnut genotypes with superior pomological
properties for study. Kernel and nut pomology for the geno-
types studied indicated the greatest nut weight (17.55 g) was
observed in OR23 with all genotypes having kernel weights
greater than 6 g. Evaluation of kernel fill showed an average
of 51.17% and ranged from 43.4% in KH31 to 62.7% in
T12. Twelve genotypes neared the preferred kernel weight
and fill range. UPGMA analysis separated the 21 study
genotypes into two groups (G1, G2) with G1 being further
divided into three sub-groups (G1A, G1B, GI1C), a result

Table 7 Allele sizes. Alleles corresponding to six microsatellite loci of Juglans regia L. The bolded number: DNA fingerprints for 21 Juglans regia

L. genotypes at three unique SSR loci

Genotype ID WGA276 WGAO054 WGAO032 WGAO001 WGA009 WGAO089
K26 180:210 120:140 210:240 165:165 190:200 220:220
K28 190:200 120:140 250:250 200:200 185:210 230:230
KH4 170: 190 120:140 240:250 200:200 185:200 240:240
KH31 190:190 120:140 240:250 200:200 180:205 240:240
KH34 190:190 110:130 240:250 190:190 180:190 220:220
OR4 190:190 110:140 220:250 190:190 180:200 230:230
OR23 190: 200 110:130 250:250 - 190:205 220:220
OR26 170:190 130:130 220:260 190:190 180:200 230:230
OR37 180:180 110:130 250:260 195:195 185:210 220:220
RI1G2 180:190 120:140 240:250 195:195 180:215 240:240
R1G6 180: 200 110:140 240:260 195:195 185:185 230:230
R1G7 170:190 120:140 220:250 195:195 180:215 240:240
R2G1 180: 190 120:140 240:240 195:195 185:210 240:240
R2G3 170:190 120:130 240:250 200:200 190:220 220:220
R2G4 190:200 - 220:250 200:200 185:200 230:230
R2G5 170:200 120:140 250:260 190:190 180:200 220:220
R2G8 180:190 120:140 220:250 200:200 185:200 220:220
SH1 190:200 110:130 210:250 205:205 185:205 240:240
T1 180:200 120:140 240:240 200:200 185:205 230:230
T9 180:200 110:120 210:250 195:195 180:205 250:250
T12 190:200 - 240:240 195:195 185:200 220:220

Allele sizes in basepairs
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very similar to the PCoA. Six SSR primers were used in
our effort to individually identify each genotype and three
in particular (WGAO01, WGA009, WGA276) allowed for
accurate identification of all 21 genotypes which this infor-
mation are useful for walnut growers for credentials of true
to type promising walnut genotypes in new orchards estab-
lishment. Numerous bands were produced in this study and
highlighted the high levels of diversity within the genotypes
chosen for study. The genotypes collected from Urmia and
Tuyserkan regions have a higher genetic distance than other
genotypes and which according to their superior character-
istics; they can be used as parent along with selected walnut
genotypes from the Shahrood area in a breeding program.
The results of this study showed that the SSR and ISSR
markers described here are able to reliably differentiate be-
tween numerous walnut genotypes.

Conflict of interest F. Davoodi, M. Rezaei, P. Heidari, H. Hokmabadi
and S. Lawson declare that they have no competing interests.
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