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Abstract
Objective

Pistachio is one of the most important agricultural products and iran has the richest germplasm of
pistachio in the world. The presence of this genetic resources will be an appropriate opportunity
for use in breeding purposes. Knowledge of genetic relationships among pistachio genotypes has
important role in it’s breeding programs. Molecular markers are one of the powerful tools for
studying plant phylogenetic relationships. Start Codon Targeted (SCoT) technique is one of the
molecular systems that used to assess the genetic relationship among different plant species and
cultivars. This study was performed in order to evaluate the genetic relationships between a
numbers of Pistacia species and cultivars using SCoT molecular markers and to assess the
usefulness of this markers in differentiating this genus.

Materials and methods

Plant materials of this study are included 29 genotypes of domestic and wild species of genus

Pistacia. A total of 25 SCoT primers were used to evaluate the genetic relationships. Genomic
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DNA were extracted from leaf samples using CTAB method with minor modifications. The
quantity and quality of the extracted DNA were measured by spectrophotometer and agarose gel
electrophoresis. Cluster analysis based on Jaccard’s similarity matrix and complete linkage
algorithm and Principal coordinate analysis were performed using NTSYSpc 2.02e software.
Results

In total, 449 DNA fragments were amplified by primers out of which 433 bands (96/43%) were
polymorphic. The average number of amplified fragments for each primer was 17.96 bands with
a mean of 17.32 polymorphic bands per primer. A number of species-spicific marker were
detected in some Genotypes. The average of polymorphism information content values varied
from 0/18 to 0/38. Also, the values of marker indices ranged from 0/56 to 4/36. The range of
similarity coefficients of genotypes varied between 25% to 68%. Cluster analysis divided
Genotypes into two main cluster including vera (domestic) and wild species. Principal coordinate
analysis separated vera cultivars and genotypes from wild species and confirmed the results of
cluster analysis.

Conclusions

The results of this study demonstrated that SCoT molecular markers detected high polymorphism
among pistachio species and cultivars and differentiated the studid genotypes. Therefore, SCoT
Marker is a useful tool for studying phylogenetic relationships in genus Pistacia.
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Table 1. Names of pistachio species, genotypes and cultivars used in this study

species  aigS genotypes Wewi o cultivars o8, cultivars ol
UCBL (25) MT1 (18) AhmadAghaei (10) ;6lasl  Ghazvini (1) 38
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M7 (24) Seifoddini (16), g lciw (7) Loy
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Ohadi (17) g4l (8)eabizl jlioe
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KhanjariDamghan
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1. Cetyltrimethyl ammonium bromide

2. Polymerase Chain Reaction
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3. Polymorphic Information Content
4. Marker Index

5. Principle coordinate analysis
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Table 2. Number, sequence and binding temperature of primers, the total bands,

polymorphic bands, polymorphism Percent, Polymorphism information content (PIC),

Marker Index (M) for used SCoT primers in this study

5, ST,

sy 5 e
oylows  (0-Y7) 5510 Mg Sl b Jhaia Bl IShe s
No  Primer sequence(5'-3) - To't N Polymorphc  Polymorphism PIC Ml

bands (%)

°(C) bands
1 CAACAATGGCTACCACA 52 14 12 85.71 0.28 2.52
2 CAACAATGGCTACCACC H 15 13 86.6 0.24 192
3 CAACAATGGCTACCACG H 21 21 100 0.38 3.07
4 CAACAATGGCTACCACT 52 16 14 93.75 0.18 1.63
5 CAACAATGGCTACCACA 52 21 21 100 0.22 244
6 CAACAATGGCTACCACC H 15 15 100 0.21 2.62
7 CAACAATGGCTACCACG H4 17 17 100 0.26 211
8 CAACAATGGCTACCACT 52 15 15 100 0.26 0.38
9 CAACAATGGCTACCAGA 52 8 7 87.5 0.28 1.96
11 AAGCAATGGCTACCACA 52 6 3 50 0.18 0.56
12 ACGACATGGCGACCAG 54 20 20 100 0.18 2.25
13 ACGACATGGCGACCAG 54 29 29 100 0.31 4.32
16 ACCATGGCTACCACCGC 54 25 25 100 0.25 3.48
18 ACCATGGCTACCACCGC 54 23 21 91.3 0.27 2.98
19 ACCATGGCTACCACCGC 54 18 15 83.3 021 1.3
20 ACCATGGCTACCACCGG 54 16 16 100 02 221
21 ACGACATGGCGACCCA 54 19 18 94,73 0.25 232
22 AACCATGGCTACCACCC 54 15 15 100 0.27 3.05
23 CACCATGGCTACCACCG H 16 16 100 0.31 3.08
24 CACCATGGCTACCACCT 54 21 21 100 0.29 4.14
30 CCATGGCTACCACCGGG 58 26 26 100 03 395
31 CCATGGCTACCACCGCT 58 15 14 93.33 0.2 185
32 CCATGGCTACCACCGCC 56 16 16 100 0.24 262
34 ACCATGGCTACCACCGA 54 25 25 100 0.25 3.56
36 GCAACAATGGCTACCAC 5H4 17 17 100 0.26 2.75
x5 449 433
oSk 17.96 17.32 96.43 0.25 2.59
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Figure 1. Electrophoresis pattern of DNA amplified fragments of Pistacia genotypes by
SCoT primer No. 13 (The inserted numbers at the top of the image are related to the studid
Pistachio genotypes listed in the Table 1: 1- Ghazvini 2- Jandaghi 3- Sarakhs 4- Akbari 5-
Italiaei 6- Ravar(l) 7- Gholamrezaei 8- Momtaz TajAbadi 9- Khanjari Damghan 10-
AhmadAghaei 11- MoosaAbadi 12- Kalehghochi 13- Fandoghi Ghafoori 14- SefidPesteh
Nough 15- Badami Zarand 16- Seifoddini 17- Ohadi 18- MT1 19- BK1 20- BK6 21- BK7 22-
M4 23- M5 24- M7 25- UCB1 26- Mutica 27- Baneh Baghi 28- Atlantica 29- Integerrima)
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Figure 2. Electrophoresis pattern of SCoT primer No. 3 with wild species-spisific created
marker that indicated by the arrow (The inserted numbers at the top of the image are
related to the studid Pistachio genotypes listed in the Table 1: 1- Ghazvini 2- Jandaghi 3-
Sarakhs 4- Akbari 5- Italiaei 6- Ravar(1) 7- Gholamrezaei 8- Momtaz TajAbadi 9- Khanjari
Damghan 10- AhmadAghaei 11- MoosaAbadi 12- Kalehghochi 13- Fandoghi Ghafoori 14-
SefidPesteh Nough 15- Badami Zarand 16- Seifoddini 17- Ohadi 18- MT1 19- BK1 20- BK6
21- BK7 22- M4 23- M5 24- M7 25- UCB1 26- Mutica 27- Baneh Baghi 28- Atlantica 29-

Integerrima)

O 215 b G yile el ainjse slacis) sl alis culps sl gl (saeg S 9 (Subj kuly,
ool 0 esdosalie (Soy cald oy i Caslbew gl cp )0 (S8 6V 65 dgng 00O LS &S 39y yuiie +/FA L /YO
JEVE e a4 alid ) 30 55 dtandsiis g (555l pB)| ¢ pimon g (</EVW)MT s M4 clacuiss) 4 bgspe i
ST o8y Db 5l il Syte cpilly 293 e 4 s yol ol s il oo byl (Sisy Sl bl Sl oS g
Iy e Hal 51 49 does ol &S gy ,S00S5 51 (S5 alold oy yid ()b (+/VOV alis oy L) UCBL Wy

o) el g oy Syl g codisS ot A Jols UCBL iy pusm a5 o3 el o |yg 355 ) bgsyo (2551 o,
VY

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500

5, ST,




RN,

V€Y (o) g 53250 Parw

ob Gl 58T 08, L UCBL (o 1) 0gles gl cpyids o8 ey slacaisi o o8l (S5 g5 adlllae ol b aon
Lo Sl g (L an b1y canls oy UCBL by 0 yols adllas (5 yien (Khodadadi et al. 2021) 5l céllas
465 b 1y UCBL calus (i a5 Conl ding i Siokd addllae dons b b (63905 b a5 (+/0F 4 +/0R) cusly
a5 sacigs o pb)l b syt Cald (Kse) 4 (g caisS o il (Kafkas 2006) sg: ools (3135 Loy Sl
oMog 1S DNA o 5] iy i J3S0go (IS0 adlle 5 g 8555 b iy (S5 SIS bl e (o) g
3 KT a4 bgyyo (cladigS 5l 50n (S5) 03,8 4565 5 bls,) (pwimen (Talebi et al. 2016) cuwl o o)l55 5
Salehi ) wsl sy sloaisS Lice Ly 41s8 Lo a5 ond lgie bl ol g Conl 005,35 oaaliio g 4365 b 35 (o))
3 Ot 0)5 dulxe /T8 5udinS ol ) ey pdy9e Slacwig) o MliS ol JS xS5ke (Shanjani et al. 2009
Zarei ) as o)) <108 oie 4 SCOT [SLis dlewgds dy (sladisS I (goliad o sdddumlne Hlis colps bauwgio oyl
i pbl diwy Byl g WaaisS (c9) RAPD [ Silis )b 5l a5 imgh > ylade ol (& Erfani-Moghadam 2021
Copd £ SO g9 4 bgrye oad 5155 Alis ol (uSile pdlie y> cglis (Iranjo et al. 2015) w5 awle «/0A
O odbdwlote SyiideS (Stumod o pd (polil g 4l o Cilisee Slllas )3 (S5 dlge 95 izmen g o3liuld g0 Lt
YL e il b o8 Jlasl (hg) daadiy (sineg)S Blike (sla by, 5l Jols (550 (glajlages g Al L yle
oM (5553 Pge3 ()l 4 1 Bl gladsd 4o e caslie B9, ol (T COPN=/37) Siidss (Siuan
5P 1) sy ooy slaisS Cunslys 5 ol JISST oy plo ) e ) 331 o slacgles 5 Wacalid (g, el
sl oolatal b o8 duy alie pB)) g aisS  (Sij kil (bl Olllas bl plate () )y 465 slaces 555
Dlodges S5 At iy digS plo 1y 1yg 4365 ¢35 0 plsl SSR s SAMPL AFLP ales 5l 5850 (sla S5l
adllasdyge (slacig; (550 4hges 3o J(Arabnezhad et al. 2011; Karimi et al. 2011; Karimi et al. 2009)
Bldyj dw 4 a3ls opl aS i8S 18 ol asls (0 |y 4o a baye (slacudsi g pB)l (00,8 S Lol a3 ld 90 &
Lite 8,5 )3 powr 45155 )5 (MTL clistol @) 55 iy ol (slacasssy 5 pod 5 Jol slaeslig; 5 plB) s ans
5 28l oo Ly 55 ) (o (i o by A lg AL (353 900 p3 Lo (glie > Wl e p)l Cglize oLl
Oi Al (ljee Cppidar 9 3,0 1y 565 slacaisi o pB)l b (oYL (K83 alis can g cpl &5 o L Jols (giiieg)S mls
B SUS )3 ey aly (58,5 )18 i) 5 3550 Jlgas Jol el jlades G 50 gl 90 ol g g o) L
Slonl Wlg 1y e yus iy lg 45 gl 16 Sl3 o s o) (POUTTAN et al. 2019) cwl oad 355 35 Wb dyg 455 ol
2 s ety ilisee pB)) (S5 g9 byl cilisen slagingh @l (elel p les 2l @3S (B yme diy al pB))
oy 41y o8 00 blitiol otz ol pB) US ) ol (65,18 5 (hag3B o) b ey Aty lg (S5 alold (392 by
Arabnezhad et al. 2011; Ahmadi afzadi et al. 2007; ) col 4Bl JolSS Jal )] plo 45 (2938 18y pouso I
ARl

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500

8, SN,



BN,

(YE+Y oylimo € 0 lowd (V€ 0y95) (6559WiS (5590980 gus dlmo

S a1 g a0y Slgsen 598 gult Lo g3 g e Vb calid p e Limoh oyl el (Mirzaei et al. 2006
3 GNIege i 5l ey dinjly o Cuwl I E ABL antly i85 ol dtay JolSS g (i 3 (e 4y Sy
iy (Kge) 4ty oy Satp) AT (glodisS Jolds atuy ooy slocadsil g 5L 50 )0 (g3 o) b oobj i
S5 b S5 bl 4y iy lacais) Jobs GbaisS o 5l (553 jlge0 gl 3o a8)S )18 UCBL 4 (2L

(¥ US) casls g

Sarakhs —_
Chazvint

Albari

Jandaghi

—— Gholamrezaat
L MomtaTajabai

Ttaliasi
L
1 KhanjariDamsha:

Ahenadd ohast

\Moas: \; Av _
KallehGhochi
FandoghiGhafoor
SafidpastzhNovz
Ohagt
BadamizZarang
MT1

BK1

—] M4

M7

M5

BK6
BK7
Mutica
4{ I Bansbazhi
Atlantica E

P. Vera

Wild Species

028 038 047 057 048
Cosfficient

bl gy 3 o3l b 5,515 Alidd oy (ool g1 iy i SLrcadigh} (5553 13903 Y SIS
o5

Figure 3. Dendrogram of Pistacia genotypes based on Jaccard’s similarity coefficient using

complete linkage method
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Figure 4. Three-dimensional graph based on the first, second and third principal
components (PC1, PC2 and PC3) to study the genetic relationships of Pistacia genotypes
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