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Abstract
Objective

The objectives of this research were the study genetic diversity in Iranian and foreign pistachio
cultivars using CBDP markers and the efficiency of these markers in the differentiation and

grouping of cultivars.

Materials and methods
In this research, the genetic diversity of 73 cultivars (63 Iranian and 10 foreign cultivars) was

evaluated using 25 CBPD primers.

Results

The results showed that the bands’ polymorphism for Iranian and foreign cultivars was 77.56%
and 67.80%, respectively. The PIC mean for CBPD markers was 0.76 and all CBDP primers had
a high ability to separate pistachio cultivars. The MI mean for CBDP primers was 2.65 and the
CAAT?2 primer showed the highest MI (8.52) value. Analysis of molecular variance determined

4% inter-group diversity and 96% intra-group diversity for studied genotypes. Gst value 0.04
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verified low inter-group diversity as well. Nm value 11.03 showed the gene flow between foreign
and Iranian pistachio cultivars. Iranian cultivars had higher values than foreign cultivars in terms
of both Nei and Shannon gene diversity indices as well. Cluster analysis using the Jaccard matrix
and UPGMA method was performed and the results showed, the average similarity coefficient
between cultivars was 0.68 and the pistachio cultivars were divided in three main groups, in which
the main groups were subdivided into several subgroups. The principal coordinate analysis also
confirmed the result of the cluster analysis.

Conclusions

In conclusion, the use of CBDP markers is suitable for studying the genetic diversity of pistachio
cultivars. Also, the efficiency and differentiation power of CBDP primers was confirmed due to
the high mean of PIC and MI.
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Table 1. The names and code of Iranian and foreign pistachio cultivars

o) pb s w) pb s o) Pl N w) Pl N
Cultivar name Code Cultivar name  Code Cultivar name Code Cultivar Code
Ll byl Psg St LBlesl P39 els e gl P20 b P1
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Figure 1. Banding pattern amplified by CAAT19 primer for some Iranian and foreign
pistachio cultivars. L: 50bp ladder, C: Negative control
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Table 3. Characteristics of CBDP primers and calculated indices for primers

ST 5 o e

Primer (=3 5l g Tm(C® TAB NL EMR Ml PIC
Primer sequence

name

CAAT2  TGAGCACGATCCAATAAT 499 754 18 917 852 0.92

CAAT3  TGAGCACGATCCAATACC 531 172 185 128 0.69

4
CAAT4 TGAGCACGATCCAATAAG 50.8 312 7 3.68 3.03 082
CAATS TGAGCACGATCCAATCTA 51.6 281 7 3.79 311 081
CAAT6 TGAGCACGATCCAATCAG 53.5 398 8 5.37 460 0.85
CAAT7 TGAGCACGATCCAATCGA 55.1 212 6 2.86 230 0.80
CAATS TGAGCACGATCCAATCGG 56.2 275 8 3.71 3.16 0.85
CAAT9 TGAGCACGATCCAATGAT 52.6 274 5 2.64 208 0.78
CAAT10 TGAGCACGATCCAAT GTT 53.2 429 12 5.35 471 0.88
CAAT11 TGAGCACGATCCAATTGC 54.8 126 4 0.61 047 0.77
CAAT12 TGAGCACGATCCAATATA 48.9 162 3 0.59 039 0.65
CAAT13 TGAGCACGATCCAATGAG 53.5 218 5 2.45 193 0.78
CAAT14 TGAGCACGATCCAATGCG 57.3 409 9 5.52 486 0.88
CAAT15 TGAGCACGATCCAATTGA 52.9 71 2 0.47 023 049
CAAT16 TGAGCACGATCCAATTCA 52.9 312 6 4.21 344 081
CAAT17 TGAGCACGATCCAATTTG 52.1 342 10 4.62 4.02 0.87
CAATI18 CTGAGCACGATCCAATAG 51.4 309 11 4.17 3.68 0.88
CAAT19 CTGAGCACGATCCAATAC 51.7 272 6 2.75 227 0.82
CAAT20 CTGAGCACGATCCAATAT 50.5 211 5 2.37 176 0.74
CAAT21 CTGAGCACGATCCAATCA 53.5 394 8 3.87 335 0.86
CAAT22 CTGAGCACGATCCAATCG 54.8 255 5 2.15 171 0.79
CAAT23 CTGAGCACGATCCAATGG 54.6 8 0 0 0 0
CAAT24 CTGAGCACGATCCAATGA 53.5 177 4 1.59 117 0.73
CAAT25 CTGAGCACGATCCAATGT 53.8 185 6 1.87 1.7 0.78
CAAT1 TGAGCACGATCCAATAGC 53.5 - - - - -

Sbe 273.25 6.63 3.15 265 0.76

(i3 2 (slp b bagio 21s) fgo ggamme o o5, Sl asls wleMbl ISbay glyime (glaasls cosges TM 9 TAB NL EMR Ml PIC

b oo ST Cgd bt g oad piSS clalad IS sluws (T sluss

e 5 5)15)55 5 (Slofag Cuntl Iyl plo d Cons (glS a3 5 (5 (55 g9 LaLE (S5 el 90

5 0adls 9 ka1 Sl pBl sl (D5l 3590 lacunen 53 (ST £95 YL gaw ;ly paSLS 93 cnl YL
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s Bl IS5 1oy Slasls 3 ol oyl o5 ) s ll Pyl 3 S g T a5 &S 3l ol
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Table 4. Analysis of Molecular Variance (AMOVA) of lranian and foreign pistachio
cultivars using CBDP markers

sl ity i ;
Olyo® doyd ”_ FOTRS oNke (gl axy Ol gt
Nm  Gst - Estimated o )
Variation% i (MS) &l yo (df) (S.0.V)
Variance
4 121 49.92 1 9 o
(Among groups)
[P )§ 9 b
11.03 0.04 96 29 29 71 e
(Within groups)
100 30.21 72 Total Js

CBDP (sl ;55U 1 aslinl by (258 9 (Sl iy o8] )3 (S5 (S piol)ly 35052 -0 Jgor
Table 5. Estimation of genetic parameters in Iranian and foreign pistachio cultivars using
CBDP markers

S5y yelyb Sl pB)l EZIRE 5
Genetic parameter  Iranian cultivars  Foreign cultivars Total

Na) ois sanlie slo I slass
1.70+0.03 1.63+0.04 1.76+0.03 (N@) 013 oolie clo JI sl
No. of Different Alleles
Ne) 5o ela [ sloas
1.49£0.02 1.47£0.03 1.51+0.03 ( )),99%5 ol
No. of Effective Alleles

0.41+0.01 0.39%+0.02 0.43%0.02 ()uy o=
Shannon's Index
0.28+0.01 0.27+0.01 0.2940.01 _( )u‘_ 455 &5
Nei genetic diversity
72.68 67.80 77.56 &y slKe (JSbsis ao

Loci polymorphism %

b ladgs 4528 0ud byl baisS o by JEd> dinog slaied iglagd a3od b pB)) (gaki0g S

oy bwgie A5 plkl UPGMA ig) 4 ¢ 3,1 e yile 1 oslitl b coles )0 5 o0l oy calises colps g oy,
oYl L lades e slalgy plo b dwglie ) 0ad s S (sl SibeS o pd g 392 +IPA BBl oy allis
wobol 2 (RONITF2000) s oo i 1) 00 w5 21,579,053 (698 (53l «/A 5 5V SttbgS o i 390 3¢5 ylade (+/AA)
kol sloog)S 5l plaS yo a5 5l polosie o I (ol 09,5 dw )3 diuy (68) VI (Y JK) 005 s 3 1,575,455 5 (b0 s
LU Y adkss L Ben] (ol askas o lBlaas] ¥ NS Lt ol plE) el gl 09,5 (Y Si5) S (SS5 09,8 50) iz
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Figure 2. Cluster analysis with UPGMA method and Jaccard similarity coefficient for
Iranian and foreign pistachio cultivars using CBDP markers
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Table 6. The ratio of the correct allocation of individuals to groups using discriminant
function analysis

ol Bl L og)S ) il (shog)S Cono e 5 laog)S g} Jlass 095
Groups and the degree of accuracy of grouping genotypes in each group Number of Group
with the discriminant analysis

genotypes
3 2 1
0 0 22 (100%) 22 1
0 26 (100%) 0 26 2
25 (100%) 0 0 25 3
100% Accuracy of grouping  (saueg,S oo
Principal Coordinates
&Z &00 5§§ * 52
3
+ 40 42.5%‘ 71
N ¢ Iranian
e
° .
S 56, 13 é$49 * 14 A Foreign
64 17 ¥4 158
68 . 1 24
1‘,1,6 ce’/11 62° 124 69
60 °~ +9 31 5¢
¢ 5 54 48" ° 37
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Coord. 1

03wl b )6 o 551! diamy @Bl g1y (PCOA) ol olaies 4y 4y 5555 1 Juols ¥y L ¥ JSUd

CBDP ,55Ls 5
Figure 3. Biplot of principal coordinate analysis (PCoA) for Iranian and foreign pistachio
cultivars using CBDP markers
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