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Table 1 63 pear cultivars used in this study

ET R b R TA] BRI Erie i RGBT [A] RS

No. Variety Mature time Mature period No. Variety Mature time Mature period
1 “RZERH 8 ATHZ 9 A R 33 “HRraL SATHZIHA LA R
2 “HTEH 8 AHH R 34 “21 2 AL TATHZ8A LA R
3 “LLRFR7AL TRAEZ8 A LA ik 35 “G e L TATHZES A LA rh
4 “REH 8 ATH R 36 “HikBL 8ALH R
5 K7L 10 A bf] e 37 “HEIE"H 9 Ada rh
6 “HEHL” 9 AT®MZE 10 A A e 38 “& ik 473 10 Aty M
7 “LLE R 8 ATA ik 39 “REH SATMZI A kA rh
8 “HHT 5 7THHTH R 40 “WERLRL 9 A Edha rh
9 “EFEH 9 H bR R 41 LS e TAHTA R
10 “ANRETR 8 Atha) ik 42 “HLE"H TATHZES A LA rh
11 iy TATHZS A LA R 43 “REERH 8ALH R
12 “Rer 8 AHH R 44 “HRL TALH R
13 “HEE"RL 7THHTH F# 45 “WF"H 9 2# rh
14 “HER 10 A ER ik 46 B 9 AJXE 10 A k¥R M2
15 “WhE"RL 9 AT®MZE 10 A A e 47 “t ABRARL TALH FH
16 pEAR e 9 AT e 43 “sEK7HL 8 A Lia) rh
17 “RRERAL 7AWE R 49 “FEHL 7HEWE R
18 “FLUVER 10 A bf] e 50 EIN- 9 AT rh
19 “BEH 10 HA¥TH ik 51 K ARH 10 A4 M2
20 “HER 9 H Lwhd B 52 “UATAHRL 9 ATHZE 10 A LA M
21 “HimTR 10 A4 T4 e 53 “ER” 9 AT rh
22 “HETR AL TAEA R 54 “BLER" AR 9 HLEma R
23 “GEAR TAKRZE8 A LA F# 55 “RLERRARL TALH FH
24 “E TR 7H LA R 56 “HEPR R TALH R
25 “ERRL— Bl 7H LA Bz 57 “Raril TALH R
26 “FNRABREL 6 A T4 LS 58 “ Rl AL 8 1 FH
27 “Hik"HL 8 H A R 59 “@le"B 9 HLEma R
28 “EAK7RL 9 Aa) F# 60 “HNFR 9 A Edha rh
29 “RRERL THEiA F# 61 “Hi"ARL 8 A rh
30 “HhFL 187 THEiA LS 62 “aLE7EL 7R FH
31 “TERLHL 9 H Lwhd ik 63 AR e 8 A rh
32 “EEH 9 HHTFA R

1.2 {WHE
1.2.1 DNA HJ#E

FHAMKE CTAB ¥4, Bt 1 L DNA JF#
FEIN L ETRE Nasonm 2 Assomm F IR I
{8, M E DNA WE . ARYE Assonn T Azsonm I HLABSE:
TR 1. 8 KT DNA (4, K45 48R
DNA H i Fi UK Fi B B2 50 ng » pl™!
#=H.
1.2.2 PCR RRIERFY HRTF

PCR R Wi #E 10 pL 4& R #E47: 2 X Taq
Master Mix 5 pL, JER 5| #3°4 0.5 pl., RNase-
free water 4 3 pL,DNA iz 1 pL, PCR §~
WHEF:.95 C 5 min; 94 'C 1 min, 50 ~55 C

1 min,72 °C 1 min,30 ™ME#H;72 ‘CEEM 7 min,
4 CPRAT
1.2.3 5|Yiik

SSR 5|92 M 35 SRk 3 PR 20 B B Chttp: //
www. bioinfo. wsu. edu/) 1 ¥FL 5[4 5 51 P Hk ok
HE B BEAE TAYEARGRAR A K. A
33XBRLE A SSR 5[4, LA 4 MELFH 2 DNA
PR, $ BB B AL A9 SSR R R . A FR 7 1
MEAMREHFEER 28 Xt SSR 5[4, SSR i
MEAHET 17T ek,
1.2.4 FEHEHRIK

SSR #ric PCR 7= #14E QIAxcel Advanced &
4 45 B UK R Gt P E AT R K D B B 3 SR A
43T
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1.3 HESH

B VK 45 SR i f# | QINGEN advance sys-
tem FRGERHN W, G811 5 H AL IR AL ) IR 1R $ 3R
FEE RS o Bk PR AR R AT 5 e J- 1R A
FERE, FIMH Popgene BT ALBEIAR Nei's HH £
FERE (HD 244 (8 . Shannon 5 B 5D R
Wi Z& A SR BRI R G T

2 FEREHW

2.1 SSR 5|¥H9f# ik

YEFIT 33 X ALF A SSR 514, LA 4 HY
FHFH DNA JBie, # R LI R SSR B ##
. Whifie h 2 SR BFEE R 28 X SSR
519 (F 2,

2 KB AT E A SSR 314
Table 2 SSR primers used in identification experiment

% Juafk FRiEAL ERE T3] ALl

No. Chromosome Locus Positive sequence primers(5'-3") Reverse sequence primers(5'-3")
1 Bal-1 CHO03gl2-2 GCGCTGAAAAAGGTCAGTTT CAAGGATGCGCATGTATTTG
2 Ba2 CHO02{06 CCCTCTTCAGACCTGCATATG ACTGTTTCCAAGCGATCAGG
3 Ba2 CHO02B10 CAAGGAAATCATCAAAGATTCAAG CAAGTGGCTTCGGATAGTTG
4 Ba3 CHO03gl2-1 GCGCTGAAAAAGGTCAGTTT CAAGGATGCGCATGTATTTG
5 Bat CHO02c02b TGCATGCATGGAAACGAC TGGAAAAAGTCACACTGCTCC
6 Bab CHO02b12 GGCAGGCTTTACGATTATGC CCCACTAAAAGTTCACAGGC
7 Bab CHO05e06 ACACGCACAGAGACAGAGACAT GTTGAATAGCATCCCAAATGGT
8 Ba6 CHo03d12 GCCCAGAAGCAATAAGTAAACC ATTGCTCCATGCATAAAGGG
9 Ba7 CHO04e05 AGGCTAACAGAAATGTGGTTTG ATGGCTCCTATTGCCATCAT
10 Ba% CHO05¢07 TGATGCATTAGGGCTTGTACTT GGGATGCATTGCTAAATAGGAT
11 Ba9 CHO01h02 AGAGCTTCGAGCTTCGTTTG ATCTTTTGGTGCTCCCACAC
12 Balo CHO02c11 TGAAGGCAATCACTCTGTGC TTCCGAGAATCCTCTTCGAC
13 Balo CHO1F07A CCCTACACAGTTTCTCAACCC CGTTTTTGGAGCGTAGGAAC
14 Ball CHO04h02 GGAAGCTGCATGATGAGACC CTCAAGGATTTCATGCCCAC
15 Ball CH03d02 AAACTTTCACTTTCACCCACG ACTACATTTTTAGATTTGTGCGTC
16 Ball CHO04g07 CCCTAACCTCAATCCCCAAT ATGAGGCAGGTGAAGAAGGA
17 Bal2 CHO05d04 ACTTGTGAGCCGTGAGAGGT TCCGAAGGTATGCTTCGATT
18 Bal2 CHoO01{02 ACCACATTAGAGCAGTTGAGG CTGGTTTGTTTTCCTCCAGC
19 Bal2 CHO04d02 CGTACGCTGCTTCTTTTGCT CTATCCACCACCCGTCAACT
20 Bal3 CH03a08 TTGGTTTGCTAGGAAAAGAAGG AAGTTTATCGGGCCTACACG
21 Bal4d CHO01g05 CATCAGTCTCTTGCACTGGAAA GACAGAGTAAGCTAGGGCTAGGG
22 Bal4d CHO03g06 ATCCCACAGCTTCTGTTTTTG TCACAGAGAATCACAAGGTGGA
23 Balb CHO01D08 CTCCGCCGCTATAACACTTC TACTCTGGAGGGTATGTCAAAG
24 Balbs CHo2d11 AGCGTCCAGAGCAACAGC AACAAAAGCAGATCCGTTGC
25 Balbs CHO02c09 TTATGTACCAACTTTGCTAACCTC AGAAGCAGCAGAGGAGGATG
26 Bal6 CHO05c06-1 ATTGGAACTCTCCGTATTGTGC ATCAACAGTAGTGGTAGCCGGT
27 Bal? CHO1HO1 GAAAGACTTGCAGTGGGAGC GGAGTGGGTTTGAGAAGGTT
28 Bal7 CHO1b12 CGCATGCTGACATGTTGAAT CGGTGAGCCCTCTTATGTGA

2.2 BEZHEEST

SEXHN 8. 217 9, 514 CHO1hO2 £ 1%, CHO2B10

2.2.1 SSR&B|¥Lht

H % 3 B, A I BE B9 28 Xt SSR #05]
YIXT 63 (RALFP BA REEEATY 3 LY IS 414
ST FE R A A RS A FE R ECR 230102 7 4,
o B 2 7 G PR B Y 55. 58%0 ., WL I 25 7 i PRl %
(Na)H 11. 0~18. 0,5F-#)% 14. 8,5|# CHO2c02b,
CHo2d11 £ 1%, CH02B10, CH02b12, CH04d02 &
B . AT EES (Ne)H 3.824 3~12.613 6,

£ 75, Shannon £REMEFE S (1) K 1.834 6~
2.715 1,53k 2. 315 3,84 CH02c02b 15,
CHO2BL0 f. HIEEZEE (NeDH 0.738 5~
0.920 7,5F ¥4 0. 862 6,54 CHO1h02 &A1&,
CHO2B10 £ 5. W 2= 4 18 (Obs_ Het) i
0.131 1 ~ 0.836 1, ¢ ¥k 0.563 8, 8] #
CHO1b12 £{%K, CHO5¢06-1 15, @t i, a]
LLE & 5% CHOIhO2 £ &M A&, 51 9
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CHO2BIO LS MG, MEREHE
(0. 869 &)t T-HIER 4L FIH (0. 130 2) , {H FL X

FAr{H.(0. 563 8) Wt T WRMI i A (0. 436 2), 3%

BiX 63 AR R AR L , A A ALE K
PIEX - EE N i 2 oy i

%3 28 IS 4%t 63 (A EAT R R
Table 3 Amplified results of 63 pear cultivars with 28 SSR primers
FRiBALA pURIE AR Shannon ZREME  HIEREE S A WEEsi A Wi GE WHEREE
Locus % Na H% Ne BT Obs_Hom Obs_Het Exp_Hom Exp_Het Nei
CHO03gl2-2 13.0 9. 480 3 2.382 9 0.541 0 0.459 0 0.098 1 0.901 9 0.894 5
CHo2{06 16.0 11.124 1 2.570 5 0.557 4 0.442 6 0.082 4 0.917 6 0.910 1
CHO02B10 18.0 12.613 6 2.715 1 0.262 3 0.737 7 0.071 7 0.928 3 0.920 7
CHO03gl2-1 14.0 10.139 0 2.476 3 0.557 4 0.442 6 0.091 2 0.908 8 0.901 4
CHO02c02b 11.0 3.996 8 1.834 6 0.590 2 0.409 8 0.244 0 0.756 0 0.749 8
CHO02b12 18.0 11. 682 9 2.670 0 0.278 7 0.721 3 0.078 0 0.922 0 0.914 4
CHO05€06 15.0 9.5533 2.435 8 0. 606 6 0.393 4 0.097 3 0.902 7 0.895 3
CHo03d12 16.0 9.480 3 2.502 1 0.557 4 0.442 6 0.098 1 0.901 9 0.894 5
CHO04e05 13.0 7.014 1 2.210 2 0.2131 0.786 9 0.135 5 0. 864 5 0.857 4
CHO05c07 13.0 6.201 7 2.070 3 0.475 4 0.524 6 0.154 3 0.845 7 0.838 8
CHO1h02 13.0 3.824 3 1.871 4 0.754 1 0.245 9 0.255 4 0.744 6 0.738 5
CHO02cl1 12.0 4,971 3 1.943 4 0.819 7 0.180 3 0.194 6 0. 805 4 0.798 8
CHO1F07A 16.0 9.142 5 2.3838 0.245 9 0.754 1 0.102 0 0.898 0 0.890 6
CHO04h02 14.0 9.097 8 2.404 1 0.2951 0.704 9 0.102 6 0.897 4 0.890 1
CHO03d02 16.0 12.022 6 2.615 8 0.196 7 0. 803 3 0.075 6 0.924 4 0.916 8
CHO04g07 16.0 10. 364 9 2.5155 0.278 7 0.721 3 0.089 0 0.9110 0.903 5
CHO05d04 14.0 7.5939 2.264 9 0.327 9 0.672 1 0.124 5 0.875 5 0. 868 3
CHoO1{02 16.0 11. 074 4 2.569 8 0.163 9 0.836 1 0.082 8 0.917 2 0.909 7
CHO04d02 18.0 10.194 5 2.580 9 0.2951 0.704 9 0.090 6 0.909 4 0.901 9
CH03a08 16.0 5.987 1 2.266 0 0.573 8 0.426 2 0.160 1 0.839 9 0.833 0
CHO01g05 14.0 6. 095 0 2.162 7 0.655 7 0.344 3 0.157 2 0.842 8 0.8359
CHO03g06 16.0 7.632 8 2.2979 0.3115 0. 688 5 0.123 8 0. 876 2 0.869 0
CHO1D08 16.0 4.329 3 1.974 0 0.639 3 0. 360 7 0.224 6 0.775 4 0.769 0
CHoO2d11 11.0 6.080 1 2.008 6 0.3115 0.688 5 0.157 6 0.842 4 0.8355
CHO02c09 16.0 10.785 5 2.532 2 0.360 7 0.639 3 0.085 2 0.914 8 0.907 3
CHO05¢06-1 14.0 5.769 0 2.142 3 0.163 9 0.836 1 0.166 5 0.8335 0.826 7
CHO1HO1 16.0 9. 009 7 2.430 6 0.3115 0.688 5 0.103 6 0. 896 4 0.889 0
CHO1b12 13.0 4.841 9 1.996 5 0. 868 9 0.1311 0. 200 0 0. 800 0 0.793 5
-3 Mean 14.8 8.217 9 2.315 3 0.436 2 0.563 8 0.130 2 0. 869 8 0. 862 6
2.2.2 REL 2.3 AEREHASH

Xt 63 BrALFR B o T b L {5 R #EAT 0-1 %K
JEgtit. A A DPS BArdt 17 A 501 . 15 BB
A BB AR I P Is  FR B B T AR H 2R A
FHRIHT 8 it B R 0. 434, 38 4% B A R Jm 1 2
“WEE” S ARFTCRLL % W AL Rl 9 0.939.
1T, EBE IR RS g 0. 86 Ab¥g 63 3 ALFP
SR ANRAERE, P RaZF L amegm”
855 e R —3, “BUE T LA BR A 4 A
H—2 BRI e ORBR 2K,
FUFLAT” 4% B g — 28, “ AR B 3B 4 49
oy —oRZE, HA“RA R g e
WRVUFERL, W LR R e R R BUE R —2K, M
LR BRI T Z BB AL
FORLEL

VEEUHR A3 BLRE & o AR BB R I 43l R
FORBUE 6 A TRHZE 7 AR hEF G
e 8 A bz 9 A 9D Mg R ORI 7E 9
ATHZ 10 AR TAD. BER4AH, PRAMTE
XRS5 7 5 R 5 (Na) L A3 30 %5 7 2 R 3 (Ne)
Shannon ZFEEFEE(D LI R ETE 24 (NeD) |
KUl ® THEHE 2 K8, 458 11,035 7,
6.527 2.2.049 5 F1 0. 821 4, I H IR & ML
LM, BRBFH RN 2R 58 (Obs_Het) 5 5
k0. 617 3,11 HB AP I SRAR, Ry 0. 556 4, £3%F
B HRF 2 A PR R UL AR R, SR B R
BK.
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Fig. 1 Clustering results of 63 pear germplasms
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Table 4 Genetic diversity of different mature period of pear cultivars

0.75

JLEGA FURUE N2 AHE I E  Shannon AN MM EE
Mature period E %t Na H¥# Ne bz @l Obs_Hom

FUMIIE e
Obs_Het

PIEsAHE
Exp_Hom

boi) by
Exp_Het

WBEs
Nei

B
Early maturity
sk
Middle maturity
ik

Late maturity

6.392 9 4.963 3 1.682 0 0.398 8

11.035 7 6.527 2 2.049 5 0.443 6

6.535 7 5.004 3 1.679 6 0.3827

0. 601 2

0. 556 4

0.617 3

0.151 5

0.156 4

0.170 7

0.848 5

0.843 6

0.829 3

0.777 8

0.821 4

0.770 0

M —BEE (R 5, 'PRAF SBRAFMEK b PR 5K R R i, o 0. 355 7,
A%, 2R 0. 549 2,

WA —BUERR ,Oh 0. 700 7, FUARP SRR FLBGR SRR (3R AL B

B —BUE &K, 08 0.577 4, RBREIB L E
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Table 5 Nei's unbiased measures of genetic

identity and genetic distance between three groups

Mature period Early maturity ~ Middle maturity — Late maturity

R R — 0.631 8 0.577 4
Early maturity
R
0.459 2 — 0.700 7
Middle maturity 5
L 0.549 2 0.3557 -

Late maturity

A FRRS R, ERR e —BUE.

Note: Bottom left show genetic distance, bottom right show genetic i-

dentity.

3 iS4t

B4 0 0 TR 5 ) A ) TR AR ST IR A R
A7 WEFTFIA FH 5 [F) B £ 5 & b 1 250 F PR
. BRI RNEE T BRI TS ¥R,
DNA #RicF AR i 8 F 4 A4 5 FiERHE & 00 i 46
ERA T A RF R, KIMURA 209 f H
SSR FRicH AR 9 %t SSR 5| K ET 6 5L
JEFhEL 60 AL AN, T4 HEH 133 NEAER,
BENHLIX 43 T 58 N Fh, 534h 2 4G R El B T
MRS TTEX 4. LEE 2158 % RAPD 4%
ICEEL A SCAR #Ric, v LK 19 MPFLR AP 5 6
VR EFE 2 X 5 H, SHEESFDFIH 6
XF SSR BI#4f 19 A~ EEAIFUR B i EfF SSR
S3HT s B — R FAEY B R il T
X 19 MR FITE AR R R . KA BER T 63
Y ELFR T, A SSR ARt 5 B4R Ik H R . &
it 28 Xt SSR 51447 PCR ¥ 3, 2eg 3§l 414
% DNA 3%, GRS R U7 A X 430 e A S fb . T L
EHE RIKRIVE ER PR, 5B E L
58 1~3 bp, FARLHFEPH R RN, A HR
AR AN L ORIy R A KRR R R B
AW EA R AT R,

PAN P57 £ B, B SSR 4 FARICH:
RYGEME IKBARMG S, 7 LY H BB 1k
& SRV AT FE B EE AR BRI PEE
G ERE AR . BRI FIH
SSR #Ric 5 BAE B IKE AR , T H R WA [E
Fp 2 IR i 15 2 RE 0, FUH 19 351495t 12 4~ H
HEADRIBEA TR , A 2 229 4~ DNA L8545

WL ORISR 12,1 N, TR
Bt R/NTE 100~260 bp, XA BEE T 63 154 F
B, R SSR ARie 5 BN Ik AR ML &,
ITisAE RS, JE Y35 1) 414 4% DNA 347,
HA AR R B 230.102 74, 5 RGO E
PRIAY 55. 58 %6, WM FF 4L (Na) Kk 11~18,
XA 14, 8, AR HF M EFH (Ne) R 3. 824 3~
12. 613 6, 34K 8. 217 9, ARLFHIAHT T 63 3L
PR A5 5 B, » 405 S 2% B U0 0] <5 457 25k R T 34
14, 8, F S (i B EOE 2 7. 363 1, Shan-
non ZFMEIRECT- ¥ 2. 195, I A6 BT
R 0. 845, RUIFLEHHA LR ER . X 63 7
AR AT R, RS T A KRER, K
CRATEE I DR E A 5 NP — 2,
“HEOR”CLTE BRI 4 N — 28, CRERR 4
PR ERY A W R & B —
B, AR BT A 49 MR R — K2k, R
AEEH” S WHEMBEEBRRIL, RS
“HR7Mm B i, EBERAEE N, KR
BRI L 43 BB | o R R B, He A
AR AE Z AR , 0 A B 5 I AT (35
BRAEOE. W T A SSR 4 FiricHE RS
EHERIKBEARME S BRI X BRI &
BIRHAT AL GEFRREE SEMRG R
RIS A s R SR i B & £ 4 F K
F L ARARE .
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Genetic Diversity of SSR Analysis of Pear Cultivars Based on Maturity

ZHAO Sisi, LIU Xingju, LI Xueyan, WANG Xiaoye, LIANG Haiyong, LIU Ming
(College of Forestry, Agricultural University of Hebei/Key Lab of Genetic Resources of Forest and Forest Protection of
Hebei Province, Baoding, Hebei 071000)

Abstract; Sixty-three main varieties of Pyrus L. were used as experimental materials, The method of
combination with SSR molecular marker technique and capillary electrophoresis technique was used to
study the genetic diversity of Pyrus L. varieties in order to supply reference for breed identification,
parent-child relationship identification, classification and systematic research, genetic map construction
and marker-assisted breeding of Pyrus L. The results showed that, the average number of alleles (Na)
was 7. 363 1,the Shannon diversity index (I) was 2. 195, the expected heterozygosity (Nei) average of
0. 845,1indicating that the total genetic variation of the pear population was high. According to the pear
system, it was divided into five groups: white pear, autumn pear, Japanese pear, Chinese pear and
European pear. The white pear system was the highest in Shannon diversity index and expected
heterozygosity , which were 2. 069 9 and 0. 831 1, respectively. The lowest were respectively 0. 420 8
and 0. 303 6, white pear and sand pear group genetic consistency of the highest,was 0. 715 2,
Keywords: Pyrus L. ;simple sequences repeat(SSR) ; capillary electrophoresis;maturity; genetic diversity



