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Abstract: [Objective] Pear, one of the most economically important temperate fruit trees, belongs to
the genus Pyrus. China is one of the origin centers of Pyrus plants with a wide range of germplasm re-
sources and has a long history of cultivation. As one of the important producing areas in southern Chi-
na, pear cultivation area and production of Guangxi were 2.1x10* hm’ and 5.08x 10’ tons in 2022, re-
spectively. There is a rich wild pear germplasm resources in Guangxi according to the previous investi-
gation. However, the understanding of the genetic diversity and population structure of the pear resourc-
es in Guangxi is still limited. It is of great significance for accelerating the identification, evaluation and
conservation of the pear germplasm, and promoting the effective utilization of the local high- quality

pear germplasm resources by clarifying the genetic diversity, population structure of the local pear
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germplasms in Guangxi, as well as its relationship with the nonlocal germplasms. [Methods] A total of
119 pear cultivars and landraces were collected and subjected to analyze the genetic diversity and the
population structure using 15 pair of SSR primers reported in previous research. The genomic DNA was
extracted by genomic DNA extraction kit of magnetic bead method, and the purity concentration and in-
tegrity of the extracts were assessed by NanoDROP and agarose gel electrophoresis. A 10 uL PCR sys-
tem was adopted, including 5.0 uL of 2xTaq PCR Master Mix, 0.5 puL of each of forward and reverse
primers (10 pmol - pL™), 1.0 uL genomic DNA (20 ng-uL™), and 3.0 pL of ddH,O. The DNA was ampli-
fied according to the molecular weight records using capillary electrophoresis technology. According to
the polymorphic bands, the data matrix was obtained. The number of alleles (Na), the number of effec-
tive alleles (NVe), the Shannon information index (7), the expected heterozygosity (He), the observed het-
erozygosity (Ho), the polymorphic information content (P/C), and the inbreeding coefficient (Fis) were
calculated using GenAlIEx version 6.501 software. The Nei’s genetic distance among between 119 ac-
cessions of the germplasm resources were calculated using Powermarker software. The UMPGA cluster
trees of the 119 pear germplasm resources based on the Nei’s genetic distance were constructed using
MEGAT7.0 software. The genetic structure analysis of the populations of pear was performed using
STRUCTURE 2.3.4 software. The population number (K) was set to 1-20. Each K value was simulated
20 times, and the Markov Chain Monte Carlo (MCMC) was set 100 000 times. Finally, the optimal AK
value was calculated using the online tool STRUCTURE HARVESTER. The genetic linkage map was
constructed using CLUMMP and DISTRUCT software. The principal coordinate analysis (PCoA) was
accomplished using GenAIEx software. [Results] A total of 190 alleles were detected in the pear germ-
plasm resources by the 15 polymorphic SSR markers. The average number of alleles was 12.667. The
average effective allele per SSR marker was 5.454. The average polymorphic information content (P/C)
was 0.762. These results showed that there was a relatively high genetic diversity within this popula-
tion. The average observed heterozygosity (Ho) and expected heterozygosity (He) were 0.682 and
0.788, respectively, suggesting that the presence of inbreeding would exist within the pear population.
The average Shannon information index (/) was 1.876, reflecting that there was a high genetic diversity
in the local pear population. Compared with the nonlocal germplasms, the genetic diversity of the local
pear was higher with an average allele of 11.53, an average effective allele of 5.606, and a Shannon in-
formation index (/) of 1.894. The cluster analysis showed that the majority of the local germplasms in
Guangxi and nonlocal germplasms were divided into two different groups, with a distant genetic rela-
tionship. The analysis of population genetic structure also indicated that there was a significant differ-
ence in the genetic structure between the majority of the local germplasms in Guangxi and the nonlocal
germplasms. The Fis mean values of the two populations were over 0, indicating that there would be in-
breeding within the population. Further research found that the 71 local germplasms in Guangxi were
clustered into three groups, which could be divided into four different populations based on population
genetic structure. However, there were no obvious regional differentiation characteristics between the
populations. The result of the analysis of molecular variance (AMOVA) indicated that the genetic varia-
tion in the pear germplasms mainly occurred within individuals, while the genetic differentiation be-
tween the populations and individuals was relatively small. [Conclusion] The fifteen SSR primers had
the characteristics of clear amplification results, good repeatability and high polymorphism, and would
be suitable for pear germplasm identification, genetic linkage map construction, genetic diversity, and
molecular marker-assisted breeding. Furthermore, the genetic diversity of the local pear germplasms in

Guangxi was relatively rich. There would be a general inbreeding and no obvious regional differentia-
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tion within the populations, and the genetic background differed greatly from some cultivars or hybrids

of nonlocal pear. Therefore, we proposed to strengthen the conservation and utilization of the local pear

germplasm in Guangxi.

Key words: Pear; Guangxi; SSR markers; Genetic diversity; Population structure
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1.2 EFH DNAZE

A B4R A RE B0 (5 5 20~50 mg) K
R G WF B , SR FH R ER I3 DR A P R 7 A (R
R AE RN A PR A FDD FREURE A DNA. 3R15 1)
DNA 28 1% 35 fig 1 4 Ji H 9k 46 U 5 4% J5 5 F Nano-
DROP™ 8000 il £ 43 6 FE A I 20 AR i

1.3 SSR-PCR

AR AR DG SR P ) 58 %F SSR 51 415 B, =4
HBR — R FE R BB AT BR A ) & B, H 8 M FEAR
BEAT SI TR A B0 AIE , 07538 tH 15 65 47 384 Bl oy L 0 Y R
HHIEIM(E2) .

PCR N A&R %4 10 pL, £3.$5 : 2xTaq Master Mix

®2 15X5IER
Table 2 The information of 15 pairs of SSR primers

SSR AL A SIIFEEI5°-3") FrBUKEE
SSR locus Sequence of primer(5’-3") Fragment length/bp
NAUpy57d F:AGATTGGACCCCAACTTTAGCTTC; R:GTCTCTCTAGACTGGCCAGGGATT 142~149
NAUpy64d F:GATGAAGGGGTAATTTGTGATGAAAT; R:AACCGTGGGGTGAAACTCT 146~164
NB104a F:TCGGAGAGGAAGAGTTGGAGGA ; R:AGGTCCGTCCCAGTTTCTTTC 174~192
NH203a F:TCGATACTCCACAAGACTGCTC; R:CCACCTCCAAGCTCAAGTTTC 167~182
P19 F:AACTCATTATACTTTGGACTAGC; R:GAAATACGGAAGACAAACACT 247~2717
Pb2LUN23511 F: AATCTCATCCAACCGGAAAA; R:GTGATGGGTTTTTGCTTGCT 206~238
Pb2LUN24633 F:GGACGCAATTGAAGATAGCA; R:CACCGTCGGCTGTATGTATG 228~259
Pb3L3N4999 F:GGGAGGAGTAAGCTGGGAAG; R:CACCTGCAAATCACCAACAA 204~228
Pb3L5N1305 F:TGTTCTTGTTCCCAGTGGTG; R:ACTTGGCTTGGCTTTTAGGA 215~228
Pb3LUN6569 F:CAAGGGCGTTTTAGGATTCA; R:CCCCATACGTGTGATGTTCTT 218~264
Pb3LUN7415 F:GAGGGGTGAGGTTTATGTCC; R:CTTGTCATGGGTACGGTTGG 197~232
Pb4L11N0673 F:TGGAAATAACGTGGATGCAA ; R:GAGTCATAATCTAACCATTGGGGTA 174~202
SAAS306 F:TTTGGGCTCGTGGGAAGATA ; R:CGTCAACTGTTTCCCTTACCC 203~216
SAAS308 F:GCTTGCTGGGTATCTTCATCT; R:ACCTAAAATACCTCCTCCCTGT 282~300
TsuENHO076 F:CATTAATACGCTGCTGTTTCTGC; R:ACTTGAATTGGGGTAGGGATTGT 201~211

(Mg*)5.0 pL, ¥ & 4 10 pmol - puL™" F I1E 7] 51 47 4%
0.5 uL,20 ng-uL"' [ DNA#4K 1 uL,ddH.0 3.0 pL.
SN AR N :95 °C 5 min; 95 °C 30 s,62~52 °C 30 s,
72 °C 30 s, 10 MEH, BMEFS FFE1°C595°C 30s,
52°C 305,72 °C 305,25 ¥R ;72 °C 20 min 2E{H f5
4 °CIRAT . BUPCR =W 1.0 ul, 435 P AR AT H R
TR AW (0.5:8.5,v/v) 9.0 uL; 95 °C 4% 4 3 min, 7F
ABI 3730XL P AT 20 BRI, e i 45
1.4 BUELESZIT

M ABI 3730XL il A% _F 45 21 ¥ 25 JAE Gen-
eMarker X4 b 3EAT 70 #1, F H Excel 22 K] 28 048
F GenAIEx version 6.501 7411 550008 ) &5 37 35 K %
(Na) A A FE B (Ne) VAR B (D L 2 51
5 EARE(PIO) WM 245 FE (Ho) AR 45 5 (He)
FIEAE 280 (Fis) . i Powermarker #1411 5 % BEAK
6] AL FE S . UMPGA J7 T B 2E 0 #r, 4
HIEKK. FIF STRUCTURE 2.3.4 347 J& e 4%
S5 93HT, W B K=1~20, Burn-in & ¥4 10000, MC-
MC 4 100 000, B4 K AEIZE AT 20 K, 37 FH 7E 2k

T. H. STRUCTURE HARVESTER # ! f f AK 1 .
R A =R (R I AR T R L BEE
CLUMMP 1 DISTRUCT i fF 2] o R 408 7 44 353 %
5K 0 BT 45 5, 7F GenAlEx version 6.501 04 77 it
BLg A A R B (Fst) I FE R (Nm) » i GenAlex
AL AT B ARBR AT

2 ERE55¥

2.1 SIS

FIFH D6 BN Ik E A, W 58Xt 5] 4 rh i ik
1S 0PI R AT R R R R I B . R 3 AT,
15565 51 IAE 119 S FEAS h ILAG I H 190 A5 A7 4]
(Na) s /DI 54 B 2 19 194, P34 8 12.667 4~
B AL (Ne) B N 2.772~9.743, “F ¥ A
5.454, FARRE(D N 1.277~2.456, 71 M 1.876.
L 24 & FE (Ho) N 0.437~0.897, “F- 451 5 0.682. 11
A (He) 90.639~0.897, F 114 0.762; £ A1k
=5 B (PIC) 9 0.602~0.889, F 1 4 0.762, XLt
Fabr$F B 15X SSR 5|4 2 A MR
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Table 3 Polymorphism of 15 pairs of SSR primers

{37 5 Locus Na Ne I Ho He PIC Fis Fist Nm

NAUpy57d 9 3.420 1.575 0.703 0.708 0.677 -0.029 0.030 8.065
NAUpy64d 16 8.845 2.365 0.897 0.887 0.877 -0.055 0.027 8.933
NB104a 8 3.639 1.529 0.655 0.725 0.682 0.062 0.023 10.813
NH203a 9 5.039 1.748 0.437 0.802 0.774 0.461 0.026 9.200
P19 17 8.040 2.340 0.737 0.876 0.864 0.128 0.052 4572
Pb2LUN23511 18 6.929 2.298 0.706 0.856 0.843 0.129 0.055 4326
Pb2LUN24633 15 4217 1.820 0.615 0.763 0.733 0.147 0.026 9.487
Pb3L3N4999 10 5.589 1.831 0.756 0.821 0.796 -0.020 0.062 3.798
Pb3L5N1305 8 2772 1.300 0.647 0.639 0.602 -0.046 0.033 7.410
Pb3LUN6569 14 4.123 1.732 0.563 0.757 0.722 0.147 0.083 2.773
Pb3LUN7415 18 9.743 2.456 0.551 0.897 0.889 0.362 0.066 3.514
Pb4L11N0673 19 4.089 1.943 0.763 0.755 0.735 -0.055 0.043 5.589
SAAS306 11 4.904 1.761 0.739 0.796 0.767 0.002 0.075 3.069
SAAS308 13 7.346 2.166 0.832 0.864 0.850 -0.013 0.058 4.043
TsuENH076 5 3.116 1277 0.622 0.679 0.621 0.038 0.052 4.599
18 Mean 12.667 5.454 1.876 0.682 0.788 0.762 0.084 0.047 6.013

T Na. WENEATIE K ; Ne. A REEALIEDR s 1 B RAGH Ho. MINA AL s He WA A E s PIC. 22 3VEAS BAREL: Fis. UL RH Fse. AR 0L

FH Nm. FERAL .

Note: Na. Observed allele; Ne. Effective allele; /. Shannon index; Ho. Observed heterozygosity; He. Expected heterozygosity; PIC. Polymorphic

information index; Fis. Inbreeding coefficient; Fst. Genetic differentiation coefficient; Nm. Gene flow.

22 BESH

BE T8 A% PR B AT B, M RL B 24
RABFECE DL T RS 23 0 i, b 22 47
JE7EF 70 AL AR B (B AL, E &
5D s 5 1L RBEES 96 4 Flma , b 7 BT 49 1
AP 47 By o B TR AT 3 — DRI AN
B, EHE 1 3840 P RRSAN 1 47 A bR (2= A
TEE AL, P 3 T = ADZ R, WRE2 B 1143 P Fol
JRCGERA 25 ek 2 5 GEBREE R NS HERLVE I #E
LA AL AN AL e MR AL e 15 ERH
A L AD AT 46 47 AR R ST A AR, UL BHIX 1147 1
Pl 5 AN R SR R . LA REE AR
VG5 AT R ECR 20 o 3 RIS Ak b, ) el A
AR 5 E T T MR BT R 28 B, AR AE D B
AHELAE S, KR 3 ) PR 5 5 A0 R 5T (1) 51 4500 &
Bz
2.3 BHREfELES

3R 4 TR0, T VG JE R IR 35 S A R (NaD
9 11.53, V35 205 6 B R 5 (Ne) 24 5.606 , ~F-35) 75
RAGE(D 9 1.894, 2415 T At A Joa , 1 BT P # 7
PR B384 2 FEVE R N 5 5 2 N B BEIOW 2 &
% (Ho) S T ¥ 2 24 & 1 (He) , Fis>0, it B # 4>
JE BN I R AT AT -

FIHH Structure 74 £ 119 47 45057 R FF A48 4% 25
PR, 45 30 R M K=2 i, AK N f KAE , (e Rl a]
SrN2ANANEI AR . B 2 TSN, BEAAR 1 EH 45 10 At
47 b 81.81% ) Al 10 43 7 P AL (5 EE 18.18% ) 14
B, IX 104 T PaAL NS B AL g L 2 RERH B
ANHZLHEIE AL e AL AR AL R 15 HERH 2
SLEMER A2 EERI MG AL
93.75% ) K4 i, 1B 5 9 A LAY LT VL I = AR A
HR I B IS EL 2 SRR A2 b, %
B P AL A At R AR A% A5 4 A ROR 22, 5 5K
For W4 XL

2 K=3 i, BEiA R R o 3 AN, TR AR
JEFEPR 2 091943 PE AL GREBH /NE T35 24 L ERH KA
FHERE KRS R HE 15 SRR 2R
KB EAREL S KW AL S AL AR R AL L R
35 TR AL AR SR AL ARV RL KAR
J B TRABMIE T R AL kAR B T R BL L F SR b
O DL S A SR AL 2 5 E T RI A BUREAAR 3 A

2 K=4 i), AR R 4 9 4 AR, JR AR A
JEFEAR3 B 44 ) TURL (R 1 5 R 3 5 AL,
T KD A F R A A B AR 11 4 0 A b AL N H
Pk 20 5K BT AL 7 5 TR AL 4SO 3 BRI o B R AR
4 ULETT PR BIR 1S BRI 3 S N AL
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E1

ET Nei B 5B UPGMA BEDIRE

Fig.1 UPGMA clustering analysis chart based on Nei genetic distance

F=4 2V EHEER SN
Table 4 Genetic diversity of 2 pear populations
J& 7 Population Na Ne I Ho He Fis
I~ VHJEHE Guangxi population 11.53 5.606 1.894 0.703 0.794 0.114
AhHh JE#E Nonlocal population 8.07 3.493 1.473 0.650 0.690 0.050
HI{H Mean 9.80 4.549 1.683 0.676 0.742 0.082

REPZLRSM 7S AR AL R BR B AL 7 5 h A4 5
HHEZHFRPBLENR. BRI, N LR
BRI AL 7 5 h A4 SHEAT RERS A T R, Ho
7N J3 IR A2 5 IR g L IR 1) 2R A il A, B AL 7 5 A
455052 LR BRONIEAR Z — [ ZIu s A i A AT
=R A AR A, BEHEN P A B 1S LB 3

TR R AL R SRR B I8 R IR
LR A r L A A e SRR AT T R S SR AT B
AFBLE R R A RS AL, R T A A
R4, 2T E BRI A 2 —, 37 TR eIl 5
BEEIC LA N 5 o % ) S R AL A T b, AR
SAKNEL, G A SEAATE, FOA N RS
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Fig. 3 The genetic structure of 71 local pear germplasm at K=4
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x5 RBFESTHRENHE

Table S Molecular variance analysis of pear population

1.0

A S AR H Syl ¥y 75w % iS50 22 ZRER T

Source of variation v SS MS Est Var Percentage of difference value/%
BEPRIE] Among pops 1 63.686 63.686 0.504 8

AT Among indivisuals 117 740.701 6.331 0.621 10

AMA P Within indivisuals 119 605.500 5.088 5.088 82

St Total 237 1 409.887 6.214 100
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