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Abstract: [Objective] The number of polymorphic SSR markers developed through cDNA library is
limited. In order to promote studies on genetic diversity, genetic mapping and variety identification, it is
necessary to develop molecular marker loci. [Method] In this study, SSRs with 1—6 nucleotide repeats were
searched from the published whole genome sequences of Punica granatum using MISA and the
characterization of SSR sequences and their polymorphisms were analyzed. [Result] (1) A total of 146 445
SSR loci were detected in whole genome sequences of Punica granatum. Then content of mono-nucleotide
repeat SSRs was the highest, accounting for 51.95%; in contrast, the content of hexa-nucleotide repeat SSRs
was the lowest, only 0.38%. In all SSR sequences, most of bases were A/T, showing a bias in SSR
sequences. (2) The range of SSR length ranged from 10 to 252 bp, with an average of 15.48 bp. The SSR
length among different types of SSRs varied a lot, and the abundance of SSR sequences tended to decrease
with the increase of repeat number. (3) In designed 140 pairs of primers including different types of SSRs,
valid fragments could be produced with 119 pairs in 12 germplasms of Punica granatum and 41 pairs could
produce polymorphic fragments with 0.007—0.566 polymorphic information content (PIC). We further
screened 15 pairs of primers with polymorphic and stable fragments, which detected 44 alleles in these
germplasms of Punica granatum, with average of 2.933 3 alleles per SSR locus. [Conclusion] SSR markers
can be developed in large-scale based on whole genome sequences of Punica granatum and a large number
of SSR primers also can be identified for genetic diversity analysis, genetic mapping and variety

identification. This study provides lots of SSR information and marker resources for researching genetics

and breeding of Punica granatum.
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Tab. 1 Tested varieties of Punica granatum

45 No s Rh Variety FJ5 Source
1 “FkHt P. ‘Qiuyan’ W AR AT I, Yicheng, Zaozhuang City, Shandong Province
2 KR4 P. ‘Dayemantianhong’ 46 7C IR & Yuanshi County, Hebei Province
3 HTEEAIHE P. ‘Xinjianghetiansuan’ BTEEAN M Hetian, Xinjiang Autonomous Region
4 ‘FrdFPYZ=4 P. ‘Kaifengsijihong’ VA #d FF3} 717 Kaifeng City, Henan Province
5 “PRIEE A K P. ‘Huaiyuanyushizi’ LRI B Huaiyuan County, Anhui Province
6 AL =7 %> P. ‘Huaibeifengchangingpi’ ZBEAL T Huaibei City, Anhui Province
7 ‘ZZIL=H#" P. ‘Taishansanbaitian’ 111 4228 %2 T Taian City, Shandong Province
8 U 24P P. *Yichengfenhongmudan’ IR E 18I Yicheng, Zaozhuang City, Shandong Province
9 ‘SR P ‘Moshiliv® I F TS, Yicheng, Zaozhuang City, Shandong Province
10 S O P, ‘Huiligingpiruanzi’ VY 114> ¥ B Huili County, Sichuan Province
11 Jd#/KZLISES P. ‘Jianshuihongmanao’ 2 7K & Jianshui County, Yunnan Province
12 e WA P. Tunisiruanzi’ ¢ Je 7 Tunisia
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Fig. 1 Variation in number of different SSR types in the longest 10 Scaffolds in Punica granatum genome

PLCAAT/ATDn 8% (5 339 ), 4 41.85%, (ACG/
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(AAAT/ATTT)n fit 5 LUBIECR, 4 36.77%, MICACCC/
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Tab. 2 Feature of parts of SSR motifs in Punica granatum genome

& ¥ Repeat motif % B Number HE IR Repeat time  “FIJKE Average length/bp Lt Proportion/%
A/T 72 892 10~ 56 11.42 49.77
C/G 3179 10 ~222 15.20 2.17

AT/TA 34270 6~58 19.07 23.40
CG/GC 163 6~10 13.30 0.11
AC/GT 3470 6~41 16.52 2.37
AG/CT 15671 6~126 19.96 10.70
AAC/GTT 326 5~26 18.51 0.22
AAG/CTT 3458 5~43 20.61 2.36
AAT/ATT 5339 5~24 21.76 3.65
ACC/GGT 323 5~12 17.63 0.22
ACG/CGT 127 5~15 17.55 0.09
ACT/AGT 156 5~27 19.10 0.11
AGC/CTG 599 5~19 17.69 0.41
AGG/CCT 1272 5~18 18.80 0.87
ATC/ATG 983 5~16 18.17 0.67

CCG/CGG 173

5~15

16.63 0.12
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Fig.2 Frequency of SSRs with different length in Punica granatum genome
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161 3 LA it A ) 22 57 AT A B AT R
AR PSS, dh PR, AL
SERFAEAE b R X 0 B 7 5y 52 B3R BT P 2 A AR
iﬁfaﬁmﬁ’l%ﬂﬁ, R, IF R T i icfR sl B 2T R
AR RS RS E 0 E G S . AR T
A hE 2 AL 5 B T R T KB RI A A SSR 514,
N5 T AT R EE 2 RRURY 5 ) SSR iR 20 i
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Tab. 3 SSR site primer and polymorphic information for selected 15 pairs of pomegranate genomic groups
s B REEAL Shannon EZN
A oy — " Sk EIsEiE: ERERE
simas SRR ggp 5140755 wRE oA A R
. Type of . . Effective Shannon  Polymorphic
Primer ID Repeat motif Primer sequence Number of . o . .
SSR alleles (Na) allelic marker  diversity ~ information
number (Ne)  index (/) content (PIC)
F: ATATGGCGGCATGAGAGTTC
PG 25 548  p2 (AT), 4.000 0 2.7429 1.1395 0.566
R: GTAATAGCATGCCCTTTGCC
F: AGGGGCAAAACCCTTACATC
PG _98_83 p2 (TA), 5.000 0 2.2857 1.117 1 0.525
R: TCGGCCCAATAAATGGAAT
F: GGGCGAAGAATTACAGGTGA
PG 44 17 p3 (AGA); 2.000 0 1.9459 0.6792 0.368
R: ATAATGGCTCCTGTGGAACG
F: AAAGCATGCGAAAGGATGAT
PG 140 166  p4 (TATC), 3.000 0 2.3415 0.9222 0.479
R: CAATGCCAATGTTACGGATG
F: CCAAAGGATGAGGAATCGAA
PG 4 1646 p4 (AAAT); 2.000 0 1.882 4 0.661 6 0.359
R: TTTGACCCGATCTACCTCGT
F: CGATGTGTACAGTTGTGGGC
PG 105 152 p4 (GTCT), 3.000 0 2.104 3 0.896 1 0.466
R: CCGTTTTAGCTCCAGTCTGC
F: GAGGAGTCAATTCGACCCAA
PG 128 96  p5 (ATAGG), 3.000 0 2.0719 0.860 2 0.444
R: CATCGAATTCTATTCCCTCCC
F: CCGTTTTGGTTTGTTCTGGT
PG 13 2441  p5 (AGTTG)s 3.000 0 1.9675 0.792 5 0.408
R: CTCAACTCAACTCCACTTATCTTCA
F: CCCACGTAGGAAGGTGAAAA
PG_32_463 ps (TTGTT); 2.000 0 1.9459 0.679 2 0.368
R: GGCTGGCATTTCAGTTCAGT
F: TATGCCCGGTGTTAACCAAT
PG 47 500 pS (AATAT); 2.000 0 1.9459 0.679 2 0.368
R: TGATCACTCACACCAGCCTC
F: GGGTCCACAACAACTCCACT
PG 20 939  p6 (TATAGA), 4.000 0 25946 1.109 7 0.557
R: TTTTCCATTCCTTTTCCCCT
F: CCCCGTTTGGATTCAAAGAT
PG 22 2120 p6 (AATCAA)s 3.000 0 1.8113 0.778 1 0.397
R: GAGGGGAAGCTGAGACAGAG
F: GCTGGTAGGAGTGCTTGAGG
PG_66_86 poé (GAGGGA)g 3.000 0 2.1333 0.829 3 0.428
R: TTCCCCTAATTTGGTGGGTT
F: TTGTCGACGAACTCGAACAG
PG 28 765 poé (CAAAAT); 2.000 0 2.000 0 0.693 1 0.375
R: TGCATGCAGACAGCTTTAGG
F: GGACGAGATACGGCAGAGAC
PG 117 30 C (GCA)5(GCC)g 3.000 0 1.766 9 0.723 3 0.420
R: TGCAGAGGATTGCTGAGATG
F-#4{H Mean 29333 2.102 7 0.837 4 0.437

PR BE5E 1 J: A, 10 HL 78 70 A B A0 HL Pk 4
ARIEAAG T5 e/ 1 v 55

N,
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fei 30 A U A R Y,
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PSSR TR AL 1 AT 52 (50
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Fig. 5 Analysis of capillary electrophoresis detection of 12 samples of pomegranate with PG_66_86 primer
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