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Using the fluorescent labeled SSR markers to establish the molecular ID

of pear germplasm resources in Shandong
RAN Kun', SUI Jing’, WANG Hongwei', WEI Shuwei', ZHANG Yong', DONG Ran', DONG Xiao-
chang', WANG Shaomin'

('Shandong Institute of Pomology, Tai’ an 271000, Shandong, China; *Laiwu Vocational and Technical College, Laiwu 271100, Shan-
dong, China)

Abstract: [Objective]l As the origin and diversity center of oriental pears, China is very rich in Pyrus
germplasm, and more than 3 000 cultivars have been recorded. According to the origin and geographi-
cal distribution, pears cultivated in China are generally divided into four systems: Chinese White Pear
(P, bretschneideri Rehd.), Sand Pear, Ussurian Pear and Sinkiang Pear. Shandong is one of the main cul-
tivation areas of pear in China, with long cultivation history and rich germplasm resources, such as the
famous local varieties of ‘Chili’ in Laiyang, ‘Xiangshui’ in Qixia and ‘Changba’ in Huangxian. How-
ever, it is difficult to distinguish different cultivars or germplasm accurately only by the traditional mor-
phological identification method. Establishing the multi-level molecular identification techniques can
improve the accuracy of cultivar identification. In this paper, 45 pear germplasm resources collected
from different regions of Shandong province were used as materials to establish molecular ID code by
simple sequence repeat (SSR) markers. [Methods] The experiment was conducted from June 2016 to
October 2017 at Shandong Institute of Pomology. The 45 germplasm resources tested were collected
from the germplasm resources nursery of Tianping Lake core demonstration orchard, Tai’ an Compre-
hensive Experimental Station. 40 pairs of primers were developed and designed from SSR-enriched li-

brary, and 10 pairs of primers with high polymorphisms and good repeatability were selected, and then
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were labeled with FAM fluorescent for amplification and capillary electrophoresis. Genomic DNA was
extracted from fresh leaves according to the CTAB protocol. The PCR was carried out in a final volume
of 20 puLcontaining 2 pL. DNA template (10 ng- uL™"), 2 uL 10xPCR buffer (including MgClL,), 0.4 puL
dNTPs (10 mmol- L"), 0.3 pL of each of the two primers (20 pmol- L"), 0.2 uL 7ag DNA polymerase,
and 14.8 uL sterile distilled water. PCR reaction was programmed as: one cycle of 5 min at 94 ‘C as ini-
tial denaturation, followed by 35 cycles, in which each cycle consisted of a denaturation step at 94 C
for 30 s, an annealing step at suitable temperature for 35 s, and an extension step at 72 “C for 40 s, fol-
lowed by final extension at 72 “C for 5 min. The products of 45 samples with each primer pairs were an-
alyzed. Each band pattern was coded by different single digit or lowercase letters. Meanwhile, accord-
ing to the number of band patterns, in an ascending order, the 10 primer pairs were decided, and molecu-
lar ID codes of 45 pear germplasm were established. The software POPGENE 32 was used to analyze
the data, and the number of alleles amplified by the primers, the amplification band type, and the gene
diversity and polymorphism information content of the samples at different SSR sites were obtained.
[ResultsIThe results showed that a total of 111 polymorphic alleles and 189 polymorphic patterns were
revealed by the 10 primer pairs, with an average of 11.1 alleles and 18.9 patterns for each primer pairs.
The length of the amplified fragment was 85-295 bp. The molecular ID codes of 45 tested germplasm
were different, which could distinguish all germplasm resources. This study indicated that the detection
technology by using fluorescent labeled SSR markers had the merits of reliable, efficient and high-
throughput, and that it is convenient and efficient to establish the molecular ID of pear gemplasm using
the above encoded mode of patterns. [Conclusion] The molecular ID codes of 45 pear germplasm re-
sources in Shandong were established using the fluorescent labeled SSR markers, and the constructed
molecular ID was different from one another and could completely distinguish 45 pear germplasm re-
sources. It not only provides a rapid, accurate and efficient molecular identification method for pear
germplasm resources in Shandong, but also contributes to provide a reference for varieties identifica-
tion, evaluation and utilization, and genetic relationship analysis.

Key words: Pear; Germplasm resources; Shandong; Fluorescent labeled SSR marker; Molecular ID
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Table 1 45 resources of pear for SSR analysis
P BRIR AR 51X ' BHIR A4 R g P X
Code Name of cultivar or species Introduction area Code Name of cultivar or species Introduction area
1 HFEAL Gugengli % Qixia 24 2174 Hongli % E. Feixian
2 324 Suli 3 Laiwu 25 K FE 7 Tianbaoxiang F B Feixian
3 ZIH Liguo JEJE Laiwu 26 FHEEL Zimuli P B Feixian
4 40T Jinzhuizi ST Laiwu 27 T3 AL Yaguangli jitH Guanxian
5 VU4 Silengli i ES Qixia 28 Lfé‘” Yinli I3, Liaocheng
6 AZL Muli JJi¥k Licheng 29 724 Guanli T*FH Ningyang
7 AL Sangpili FL.1l1 Rushan 30 FEHE AL Tangbali 7% % Taian
8 = 55 Wowoli U5711] Laoshan 31 1657 # Huapiqiu & Tengzhou
9 ﬁ%h@h EEFH Haiyang 32 4344 Mianli P 5. Feixian
10 534 Sangpili #BH Haiyang 33 2% Suanli 7t H Guanxian
11 # FLK A Huangxian Changba 11 Longkou 34 5% Yali j& & Guanxian
12 T34 Mianli F#7A] Shanghe 35 Bk AL Tiepili 7t £ Guanxian
13 Jik 35 %Y Mahuangli P Shanghe 36 I3 Ermahuang *FJii Pingyuan
14 %% %4 Taihuangli F5I Qihe 37 KA K Daxiangshui 3K[FH Laiyang
15 WAL Chili féi111 Boshan 38 FE2Y Chili 3EPH Laiyang
16 &L Pingli f#111 Boshan 39 WAL Zhali B Xiajin
17 %Y Heimianli JJi¥ Licheng 40 T2 Dunzili &% Taian
18 2%F Naizi F5I Qihe 41 kA4 Tieli SR BZ Laoling
19 2T AL Xiansuizili £ & Changyi 42 ZJAL Chetouli JHE Yantai
20 K24 Dali E & Changyi 43 I B 4 AL Malijinli A Zaozhuang
21 HHRZL Gugenli £/ & Changyi 44 /NFFIK Xiaoxiangshui 3EPH Laiyang
22 L Xiehuatian £l & Changyi 45 L Pingli JFA Laiyang
23 M%L-F Mianlizi 7 FL Feixian
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Table 2 Information of 10 pairs of SSR primers

EIEVEZ S ERBIIG-37)

Primer name Forward primer sequence

P5 CCCACCCGCGAAGAGTAATA
P9 ACAATCACCTTGGAGTTAGA
P10 ATCCATAGACCAGCACCAAG
P14 TCTCCTCCTGCCATTTCTGTA
P17 TCCTTACTACTCGAACTATCTG
P18 AAGCCCATCTACAAGTCCTC
P19 AACTCATTATACTTTGGACTAGC
P27 CCTTGACGACTCACAAAACA
P34 GCTTTTGAGTCCTTCTGTGA
P37 TTTGAAAGCTCTTTTGAACC

S 51457 =37) HEHIT
Reverse primer sequence Rpeat motifs
CTTCCTCCAGCAAGCAAACC (AG)13
CATCACAAATTGGAGAAGAG (TC)I5(AC)12
CCGTGTCAAGTATTATTTCG (AG)14
ATCTGCCGCTGCTGTTCCTGT (AG)9
AGTTTTGCGTAGAGTCTGGTC (GA)14
ATTCATCACAGTTTTCTCCC (AG)15
GAAATACGGAAGACAAACACT (AG)13
TGAAATAGATTGATGACGGA (AC)8
ATATGCTTGTTGCTCCTTTT (TG)6TT(TG)7(TC)6
GGAACTGTTGTGAAAGGTCA (GA)26
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Table 3 Amplified results of 45 pear resourcess with 10
fluorescent-labelled SSR primers

K B
sl egoRE st So L DI
%% Annealing Number of fE R &R RGN
Primer tempe- alleles Polymorphism Amplified Size of

information  bands bands am-

name rature/C  detected content plified/bp
P5 54 15 0.83 24 245~295
P9 56 19 0.84 26 85~147
P10 57 4 0.55 8 265~277
P14 55 5 0.63 9 133~139
P17 53 14 0.83 23 148~178
P18 51 12 0.82 20 177~213
P19 57 14 0.81 23 220~256
P27 54 10 0.78 22 123~141
P34 58 10 0.74 20 210~242
P37 52 8 0.61 14 190~214
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Table 4 The code of different SSR patterns
#8955 Code of pattern ~ PS P9 P10 P14 P17 P18 P19 P27 P34 P37
0 - - - - - - - - - -
1 2451277 85 265 133 148/158 177 220 123/135  210/238  190/196
2 257273 95 265/269  133/135 148/174  179/189 222 123/137  212/228  190/198
3 261/269  95/101 2657277  133/137 150 181 224 123/139 214 194
4 261277  95/103 267269 135 150/160  181/187  224/236  129/135  214/220  194/198
5 263/269  95/107 267277  135/137 152/164  181/189  224/238  129/137  214/222  194/200
6 267 95/121 269 135/143 154 181/197  224/240  129/141  214/226  196/200
7 269 99 2691277 137 154/158 183 224/246  131/137  214/228 198
8 269273 101 277 137/139  154/160  185/189  224/256  133/137  214/230  198/200
9 269277 103 139 154/164 187 226 133/139  214/242  198/202
a 269/283  103/125 154/168  187/191  226/256  133/141  220/226  198/204
b 269/287  107/141 156 187/197  228/240 135 222 198/214
c 271 109 156/164 189 236/252  135/137  222/226 200
d 273 111/147 156/168  189/195 238 135/139  222/228  200/202
e 273277 113/127 156/178  189/197  238/246 137 222/238  200/204
f 273/283  119/141 158 191 238/248  137/139  226/238
g 273/287  119/143 158/164  191/195  238/256  137/141  226/242
h 275 121/137 158/174 193 240 137/143 228
i 275287  121/141 160/164  193/195  240/246  137/147  228/238
j 277 121/143 160/168 195 242/246 139 228/242
k 277287 121/145 160/176 213 244/246  139/141  238/242
1 279 127/139 160/178 246 139/143
m 287 127/141 162 246/256 141
n 293 127/147 164/170 252/256
o 295 139/145
p 141
q 141/147

T - FRORRPAY AR AR RN e A

Note: -means non-amplified SSR pattern; Blank space means extensible pattern.
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Table S Molecular ID of 45 pear germplasm resources of Shandong

LR E TR Y LR R SF GRS e A=Y LR R ST EIERS
Code Name of cultivar or species Molecular ID Code Name of cultivar or species Molecular ID
1 TR Gugengli 7285fcenke 24 2144 Hongli ip326fohhe
2 JAL Suli lal12h6n371 25 K F ¥ Tianbaoxiang h2338f6lja
3 FLA Liguo 7b4485e335 26 FEEAL Zimuli gj156fomge
4 4 BAF Jinzhuizi hm828¢7g68 27 5724 Yaguangli m824122744
5 VUt%AL Silengli 5£58£)3395 28 AL Yinli 7q33i9aeid
6 AAL Muli 5285cc5gd8 29 AL Guanli 811599gfh8

7 A Sangpili 4q339g3ne7 30 B AL Tangbali hm828c7h68

8 5 54 Wowoli 3235ak55f7 31 1€ 5 K Huapiqiu j282ic5e9¢

9 524 Tangli k7334j1m3c 32 #3244 Mianli h2336j8mje
10 A Sangpili c119ff94ba 33 f2Z4 Suanli jg72feSg5c
11 # FLK 3 Huangxian Changba fp3474njjc 34 TS24 Yali ml22j8ie7c
12 %% Mianli le62fcmc9c 35 Bk B4 Tiepili hq83ic6g79
13 Jik %L Mahuangli 9f228b5fd8 36 - T)¥% Ermahuang eq34cc8g7c
14 fi#5 %Y Taihuangli 9248cel75 37 K& 7K Daxiangshui 7i35g4nthc
15 AL Chili id82ci58g7 38 #:24 Chili 3i87ia6ah7
16 “F-#YL Pingli bn84cd5ehs 39 AL Zhali 7¢3857fehc
17 1A %4 Heimianli 3k85ngh928 40 %73 Dunzili fm346fem68
18 2% Naizi 0562b5j293 41 B Tieli m2191734bb
19 L FEFAY Xiansuizili 4675dc8ecc 42 7=3k3! Chetouli n91621d142
20 K24 Dali ail59bgth8 43 I B 42 Malijinli j282ic5e9d
21 HREL Gugenli n916kcb888 44 /NE 7K Xiaoxiangshui 6f75f3efj6
22 LR Xiehuatian 3074dkged4 45 AL Pingli 7£75f3egj6
23 [f1ALF Mianlizi jf31lec4dls
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