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Abstract

Objective

Iran is one of the few countries where the origin of pomegranate (Punica granatum L.) in the
world. About half of the pomegranate genotypes are endangered. Despite the similarity between
some genotypes in terms of appearance, there are differences between anthocyanins,
phytochemicals, antioxidants, etc., of them that are very much affected by the environment
(especially stress) and require DNA barcoding. For this reason, more accurate molecular studies,
especially DNA identification, are necessary to aid in classification, identification of the required
genotype, non-incorrect naming of genotypes, and identification of cultivars. By performing this
research, it is possible to reduce the volume of genotypes and eliminate duplicate and similar
genotypes in Saveh pomegranate collection to reduce their maintenance and management costs.
Also used to select the best plant barcode to identify, differentiate and determine the diversity of
genotypes for use in breeding programs.

Materials and methods

In this study, 58 genotypes in Saveh pomegranate collection were examined by ITS barcode
region. After receiving the sequences, first all the sequences blast in the NCBI site for the accuracy
of the desired area and after sure of the desired plant area (pomegranate), the quality of the
sequences was measured with Chromas software and in addition to deleting the M13 sequence,
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the beginning and end sequences and poor-quality sequences were deleted. Then, for multiple

alignments by clustalWw method, bioinformatics analysis was performed using MEGA software.
Results

The results showed that the success rate of propagation in this area by PCR was 79%._Also, the
success rate of sequencing in this area was 74.68%. The GC content of this area was 64.23%. The
lowest genetic distance for this region (0.005) was between the genotypes of Malls Tabas with
Chatroud Shirin and the Torsh Dorag Rafsanjan with Globland Bafgh and the highest genetic
distance (5.314) was between the genotypes of Gol Magasi Taft with Dane Siyah Ardestan, Poost
Ghermez Zanjan, Malas Paveh, Peyvndi Ashkzar and Dane Ghermez Zavareh genotypes. The
results of phylogenetic tree also showed that wild genotypes of Tamin Khash, Domezeh Bagh
Malek lIzeh and Dorag Malas Bajestan and Gol Magasi Taft were each in separate groups and
other genotypes were in other groups.

Conclusions

In general, Ardestan, Khash, Gol Magasi Taft, Malas Peyvandi Ashkzar, Zanjan, Paveh, Zavareh
and Ravar genotypes had the highest genetic diversity and distance with other genotypes that
according to other characteristics of genotypes, they can be used as parents for breeding programs.
Also, considering that this region, unlike other regions, carries both paternal and maternal genes
and due to the facilitation of reproduction and the success of their sequences, was identified as a
suitable region to show genetic diversity between genotypes which can be used in future research.
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Figure 1. ITS1 and ITS2 are located between the coding genes of S28 S-8/5S-18 ribosomal
subunits. The regions in the boxes represent the coding regions and the connected lines
represent the internal transcribed regions.
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Table 1. Code and origin of studied pomegranate genotypes

RS Y S i, s XS Lise
No. Genotype Code Origin No. Genotype Code Origin
1 102 Ardestan 30 717 Ardestan2
2 114 Zanjan 31 802 Shahvar
3 115 Shahdad 32 803 Behabad
4 116 Paavehl 33 805 Ashkzar
5 117 Ashkzarl 34 808 Ravar2
6 201 Zavvareh 35 1002 Jahrom
7 308 Kashmar 36 1003 Ravar3
8 317 Paveh 37 1112 Ravar4
9 401 Cahtrood1 38 1202 Taft
10 403 Chatrood?2 39 1206 Bafgh
11 404 Tabasl 40 1211 Bejestan
12 409 Rafsanjanl 41 1404 Birjand
13 416 Chatrood3 42 1408 Shahdad
14 506 Birjand 43 1414 Ashkzar
15 508 Kerman 44 1502 Shabestar
16 518 Shahdad 45 1504 Kashan
17 607 Abarkoohl 46 1511 Ardestan2
18 608 Paveh2 47 1516 Tabas3
19 613 Taft 48 1601 HajiAbad
20 614 Raavarl 49 1613 Izeh
21 618 Abarkooh2 50 1615 TorbatHeidarieh
22 703 Saveh 51 1616 Minab
23 705 Bejestan 52 1701 Binam
24 706 Paveh3 53 1702 Ashkzar2
25 708 Bafgh 54 1901 Paveh4
26 709 Rafsanjan2 55 1903 Ashkzar3
27 712 Mazandaran 56 1909 Rafsanjan3
28 714 Bejestan 57 2011 Khash
29 715 Tabas2 58 2016 Tabas4
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(°C) Juas! sled AG e 1\ GC Siel Jg Skl cas pb
Annealing temp. (°C) AG level Sequences of primer Name of primer’s pair
50 96 5789 5 -TTGTACACA;CGCCCGTCGC- F ITS (18S1F)
50 6.7 4474 R ITS (28S1R)

S-AGTTTCTTTTCCTCCGCTTA-3'
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Table 3. Success rate of PCR amplification and ITS barcode sequencing in pomegranate
genotypes
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Sequencing success rate (%) (%) PCR success rate Barcode area Row
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Sygo (g 0,5) GENBAIl gilulis oS il oslisul b ladiges (g5l alls PCR Y guaxe (55w B

Lo MY 55T U5 o9y 5 o 5 sidosSen ¥ e 4 00 silo alls DNA cuaS 5 cusS (6p50j8l 5l o 9 )5
(YJS8) 8 )88 )L

Lol sladigas Jloyl 5 g 01 (Silo yodilgm JWlod 9 4525 9 (awlind) o541 (Ao5 2L JNo9

3 ool S 11y (s B 5 ol <555 ) Byt b I ol agie 05 5351 & s 5 el ol o
VY ¢

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



RN,

wamsml,

S5 550 0lS g 4l g5 o (pusi sl NCBI colos  dacuis) 5 (oly sla Jlg ples g 35bl S ps oyl bawgs

Chromas 153l ¢ s b Jlg cusS 0005 plosl (gdms Joljo (JU]) Jlas 5,50 0lS 5 sl j1 lisalol 1 g 5 13,5 cansdly

Bl ladiges (S p caiS o o Jlg 16 g Bls L5165 og5 cuiS Yoere a5 gy bl g 1l g odiw (2017)4.6.2

b b 03l )13 o pes iy S8 G 3 i g i) g sl Gk L oad b Iy sladisel (riomen 40)S

MEGA 5.2 I3l 55 g CluStalW g, 5l oslisiwl b oS 5 ol (s9y 2 30 (Multiple alignment) sy a5 pon

1504

235 oslel (S555ld slodl (gl g 5 plo

8511 )3 VIY 5,57 5 Qo 52 055,158 4L ¢ gl ITS 4ol PCR &Y guasee (55w a6 .Y JSU
il oo b Cda Ve r—Ae e dg0n AL 05101 9 3L Cda Yo+ (DNA Ladder) sl sslisw! S5l

Figure 2. Purification of nuclear ITS PCR products, loaded on 1.2% agarose gel. The size of
the DNA Ladder is 100 bp and the size of the bands is about 700-800 bp.
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Table 4. Performance and efficiency of ITS barcode in the studied genotypes
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Table 5. Genetic divergence calculated between genotypes using the ITS region

r 2 3 4 5 6 7 8 9 10 U B

0.000

3.3133.313

0.000 0.000 3.313

0.000 0.000 3.313 0.000

0.000 0.000 3.313 0.000 0.000

3.576 3,576 0.055 3,576 3. 576 3.576

3.587 3.587 0.033 3,587 3.587 3.587 0.074

3.313 3,313 0.018 3.313 3.313 3,313 0.050 0.042

3.179 3.179 0.013 3.179 3.179 3.179 0.048 0.033 0.015

3.260 3.260 0.016 3.260 3.260 3. 260 0.051 0.041 0.005 0.010

3.313 3.313 0.020 3.313 3.313 3.313 0.051 0.037 0.025 0.016 0.023

3.239 3.239 0.010 3.239 3.239 3.239 0.055 0.030 0.021 0.013 0.020 0.016
3.239 3.239 0.010 3.239 3.239 3.239 0.055 0.030 0.021 0.013 0.020 0.016 0.
3.239 3,239 0.010 3.239 3.239 3.239 0.055 0.030 0.021 0.013 0.020 0.016 0.
3.323 3.323 0.006 3.323 3.323 3.323 0.053 0.028 0.021 0.013 0.020 0.020 0.
3.303 3.303 0.032 3.303 3.303 3.303 0.066 0.048 0.021 0.027 0.023 0.037 0.
3.587 3.587 0.028 3.567 3.587 3.587 0.061 0.044 0.035 0.027 0.033 0.030 0.
5.314 5314 0.201 5.314 5.314 5,314 0.246 0.209 0.214 0.203 0.212 0.203 0.
3.336 3,336 0.020 3,336 3. 336 3. 336 0.053 0.042 0.008 0.013 0.003 0.025 0.
3.435 3.435 0.013 3,435 3.435 3.435 0.057 0.039 0.032 0.020 0.030 0.020 0.
3,424 3.4240.013 3.424 3.424 3.4240..057 0.035 0.028 0.020 0.027 0.016 0.
3.210 3.270 0.013 3.270 3.270 3.270 0.055 0.041 0.028 0.013 0.023 0.020 0.
3.281 3.281 0.015 3,281 3.281 3.281 0.057 0.037 0.027 0.018 0.025 0.018 0.
3.198 3.198 0.013 3.198 3.198 3. 198 0.048 0.030 0.018 0.010 0.016 0.006 0.
3.346 3,346 0.018 3.346 3. 346 3. 346 0.048 0.033 0.023 0.011 0.021 0.008 0.
3.400 3.400 0..023 3.400 3.400 3.400 0.057 0.039 0.035 0.023 0.033 0.023 0.
3.736 3.736 0.173 3.736 3.736 3.736 0.213 0.204 0.154 0.169 0.154 0.184 0.
3,313 3,313 0.008 3.313 3.313 3.313 0.048 0.030 0.016 0.011 0.015 0.018 0.
3.555 3,555 0..025 3,555 3. 555 3,555 0.068 0.039 0.033 0.028 0.035 0.027 0.

3 14 15 16 17 18 19 20 A 2 B # B B A B NN

00
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Table 6. Estimation of ITS region nucleotide replacement pattern by maximum likelihood
method

G C T A Nocleotide 15415
14.27 7.39 4.29 - A

7.1 17.48 - 5.12 T

7.1 - 10.15 5.12 C

- 7.39 4.29 10.3 G

3l il palde Adle Vool T pdlie gemme ( Solu sy sl (0)920) 505 5L & (3)) b G 3l (Mol Jlenl aamoglis sas o

JRES UL...J |) u))wl)’ dmu,,ib .\Jy 09 in Sl 9 Cawsl 025 02D ULMJ ,\19{ b u)““”‘)‘
Each number indicates the probability of replacement (r) from one base (row) to another base (column). For
simplicity, the sum of the values of r is 100. Different values of transitional replacement are shown with bold and
ordinary numbers without bold represent transversional alternatives.
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Figure 3. The phylogenetic tree obtained from the ITS region with the ML (maximum

likelihood) method. The numbers on the nodes correspond to the percentage of intra-group
similarity obtained from 1000 times of sampling
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Figure 4. Phylogenetic tree obtained from ITS region by NJ (neighbor-joining) method. The
numbers on the nodes correspond to the percentage of intra-group similarity obtained from
1000 times of sampling
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