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SSR analysis of genetic diversity of male Torreya grandis

ZHENG Livuhui, ZHAN Liyun, HOU Yu, YU Weiwu, ZENG Yanru, DAI Wensheng
(State Key Laboratory of Subtropical Silviculture, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] This study aims to analyze the genetic diversity and population genetic structure of 121
individual plants from 5 wild populations of male Torreya grandis using SSR fluorescent markers, in order to
provide reference for genetic background, germplasm resource evaluation and elite germplasm screening of
male 7. grandis. [Method] The genomic DNA of T. grandis was extracted by CTAB method, and the primers
were designed. The polymorphic sites of the male 7. grandis were detected by capillary electrophoresis using
fluorescent primer PCR amplification. [Result] A total of 85 alleles were detected by 24 pairs of primers,
ranging from 2—7, with an average of 3.542 per marker, among which the average effective alleles were 1.915.
The average Nei’s genetic diversity index and Shannon’s information index in 5 populations were 0.365 and
0.608 respectively. Among the 5 populations, the percentage of polymorphic sites ranged from 75.00% to
95.83%, with an average of 82.50%. The order of genetic diversity of the 5 populations from large to small was
Shengzhou, Lin’ an, Fuyang, Huangshan and Chun’an. The gene flow among the populations was 4.172, the
coefficient of gene differentiation was 0.096, and the degree of genetic differentiation was very low. The results
of clustering analysis showed that the genetic similarity coefficient (GS) of the 5 populations varied from 0.865

to 0.978, with an average of 0.932. [Conclusion] The genetic diversity of male T. grandis populations is

Wk H I 2021-04-07; &I H#H: 2021-07-12

HEETH . #iilaREEARE ST & TR H (2016C02052-12)

YEH i/ KX #E (ORCID: 0000-0001-6815-5568), M F 28 3 bR & B 54 K5 A BEOFSE . E-mail: 1184277046@
qq.com. JEAEVEH . #3CE (ORCID: 0000-0002-1314-2759), ##%, Wi+, MWHLHEMALE 5854
B, A=A, E-mail: dai wensheng@163.com


mailto:1184277046@&lt;linebreak/&gt;qq.com
mailto:1184277046@&lt;linebreak/&gt;qq.com
mailto:dai_wensheng@163.com
https://doi.org/10.11833/j.issn.2095-0756.20210279

330 WroIL R R K A R 20224E 4 F 20 H

relatively rich. The genetic variation of the male 7. grandis mostly exists within the population, but the gene
exchange is also present between the populations. The 5 populations can be divided into 3 groups, which is
similar to the results of phenotypic genetic diversity analysis. [Ch, 4 fig. 6 tab. 32 ref.]

Key words: SSR fluorescence markers; Torreya grandis; male; population; genetic diversity

HEWS Torreya grandis /241 G AZF} Taxaceae HEJ& Torreya MEYEAHY), R =4 Fittady, FEA
RO TFWVL . LR wmd, TV, WIR S W e ™ HER MM S Ak, R TRIAR o R AR 2 75 A
T. grandis ‘Merrillit’ (Y 5CA, S MEPERAESL HEAERY , IFTETEARIFHEAS Z2 R rp B B2, HAT, 4=
7R R AR 5 O SR — R 52, RIS R SR 28 58 77 A W AR TR R AP e & SO i A &
JrEE B K, HA AR A EZEAEA . DARTH THEARAG SR, AR T e X A A 7 () d 22
PE, HEVEREAS D™ SRR, AR SO Rk )N, AR LA™ EE R UR R AR, B A AL Y
R, NTZERENFE 2R AP S = w52, H 2 RS B R Bl E . pF 28 1
PEMEAY SRR FEAEI . AEM IR 5 R0 ) 4 3R AR bR AP e FE e 0, B i | iy 5Lat,
I, M DNA PRicsr Bt s fEMAERT ) 2060, AT st &9 5T DNA ZKF T i EPERER R AL 325 A2 S i
TEHEA, AR o HER bR B SR R et . S MR AR SRR R R 5. BE A
HORBY & R JZIRATTR A, DNA 43 Fhric SO R st % ZAEvE iy E 2k, iP5 54 (SSR)
AT REME A (PCR) B FhmictR, BAEE ML, 28, L rknfs, e EER
Mo BTN T EERGE N BB sl B R s A 2R A Y, TEAER S
AR, B2 AE D RIS b Be K B 235 (AFLP) 20 TAR e X B HER AR BE IR AT o0 b, RIAF
HERER B 2w, BHEBFRREsE 2R K TREE; RZ2GERIEMRE N 2Z RIS, @ T
BT P AN MY 4 235 (SRAP) Anic (UMER %O B o Jr i s XSS AT SRAP 43F-Fric B S8 HEA
Mk BB AT e, 25 R R MW RN AR ST B 2. T ARIBFR S s T AR b 5T 95 U8 52 2% 1) st
R M DL e, (AT S BAERRIE . BHEPRCAREEX 2l f WAk S 24 A Bk %
AL, 1] SSR bRic e 2z, BRI AR . A HEEHER 15 1% 22 REPE OB 93 1 R LR T8 . A 5T A
S ANTEVERERS FERE BT IR XS 5, FHZETE SSR 43 FARIC /- MrilEA HEAR 1 15t % ZAEME R 4548, B 76 W AE
RIEERR S 203G T« HERRFD TR A OR3P 5 T e F P SR LS Sl
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1.1 KA
R 2 P XA A B R R JERE) AU T IR 22 DU R (22 B RE) . Ao & BH X
A G BHERE) Wi v LU N Tl AR s (OB S ) B e o LTl 2 3R GEOLL R ) &5 5 7 AR A PR
JEREN Fr BOHEERAEAH DGR IEAT TIF5E . AR I MRk B LR B SE AR ) R BEAH R Sk, 121 (3t
B RGP T2 1740 . W22 24 4. & FH 24 05 . WRIN 24 Gy FEE 1L 32 5. S AR R AR 0 S g
A BEA RERCH A B4 14y, A I SE6 %5 B T80 C VKAEIAfE % .
1.2 KEAH*E
1.2.1 AK4 DNA 2 RAMREE CTAB LZHUEH A DNAM, FPEAM el (GENEQUANT,
Eppen-dorf, {2 ) il ;2 DNA ¥ B F1G% B (D)) MEH, HIBTEECN 1.2% BB NR SR s ks, FF7E
Alphalmager /% Z % (Alpha Innotech Corporation, 3% [E]) F 41 FEAE£7 FEL Uk 45 59 . RN -AH4% 1) DNA £ 55
JowE K BER] 50 mg- L', &H.
122 SSR4#  MMEEYF (K MHAME T jackii FIAER) A58 i B 55 %F SSR 7141779, SSR & i 1A %
A B SR W ARG R A RS, RIRA 2 2800, s 2 259 BART 9 1E ) 5 [ 1Ay M13 35
(5'-TGTAAAACGACGGCCAGT-3")(M13-F), H-7EA MBS BUINA % (FAM), 4t (HEX). 41 (ROX).
(TAMRA) 7556, DLJ7{E PCR =40 BN KA . 5193 hdb st B HSEVE W E AR A 74 .
PCR %5 1 R WK Z A 50 mg- L' ) DNA 1.0 pL. 2xTag PCR MasterMix (¥ ME#E A= IR A7 FR 23 7))
5.0 pL. 10 pmol- L™ IE R IM 5194 0.5 uL. KB LB F/K#ME 10.0 pL; PCR P HEFEF 2 95 C FAS P
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5min, J& 35 MBI, HEAEIR 95 CAEME 30s, 60 CIE K 30s, 72 °C HEff 30s, )5 72 °C FEff
10 min, 4 °C {RFF. PCR ™™ 53 80N 1.2% (9 TG EEE IS FBL DK AL o 56 2 20 PCR R R 1R 3 5
1 419 PCR 77#) 1.0 pL. 2xTag PCR MasterMix 10.0 pL, MI13-F & 2[5 51 4145 0.5 uL, K 25 7K 4b
/£ 20.0 uL; PCR ¥ HERE/FIAI4E 1 K PCR, LR JGIREEREME T 5 °C PCR ™Y BE/3E08 1.2% BB
WEEEIE AL UK, 2% I T (R 26 bt 2 PRI AE W AR AT RS W) 6 24048 r kAR

BEAILIZEI 5 BREEVERERHE 53617 PCR 975G 105 [0 8, 5 FH 0% 2645 30 A9 5 1 6 BE i 64T SSR 04T
123 HEHT S5 M 1E Excel PG A BN (5 S, IFH DataFormater #0171 74% X
e, MM GenALEx 6.5 /" TR ZBFEEE & (Po). 2N AHII (Pp). IEZXRE (Fy). Bk
AL (Gp) FRAEIE B (Gy), FF#E474F )7 224307 (analysis of molecular variance, AMOVA) F1 3 AL b5 43
M (principal co-ordinates analysis, PCoA), FJ Popgene Ver.1.3.2 B4 TT R &0 FE B (V,) . A 5L A
BN, WMIMZAERE (H). WEBREE (H,). Nei’s s ZFE 5% (H). Shannon’s {5 B 54X (/). Nei’s
SIERZREEE (H) . LRI (F . BT (V) S 280

RKHINTSYS 2.10e #1158 Nei's BALHIANE . SRATE S HIBYA Structure 2.3.4 AKAF 3 M Fa R 438
TEL5HFN InP(D)™. InP(D) 2 Delta K PR 19X B R, BT X B R A H AR5, LA A s AR AR
K{H, W& KA 1~5, BPMSEEE1T 10 1R, BRI X5 ]R8 2 R 4 10000,

2 R G HH
2.1 SSR 3|#7%i%k

M55 XTI T 24 XEYTIEARE . ARARTEMTAY T MIX (B 1), R TR M bR 5 1L Z2 R
Peotir. SRR 1.

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 M

M. markers; ¥kKIB1~5. 6~10. 11~15. 16~20054): TG70. TG81. TG82. TG90. 5|¥%'T W&
B 1 55145 PCR ¥738 7 4 b ik B
Figure 1  Electrophoresis of DNAs amplified with some pairs of primers
22 BESHESHT

24 X%t SSR 5IWIAE 121 FRAER MERE rh IR 1S 85 NEFAL KL, BEXT 51 W4 1 1Y &5 60 BL L ECH 2~7 4,
AR Y 3.54 ANEEALIER, HA S Y% ZAFU-4 KR 7 ANSEALIER s A R B R
45.69 4>, BN A A REEAIEFECR 1.92 45 FEMZ4 5 B (0.461) B = T4 I 42 A
(0.400); Shannon’s {5 B35 N 0.10~1.31, “F#K 0.70, H v GRS i f [1) Shannon’s 157 B 48 %4 i 5
(1.310); Z5{5 B &5 M 0.040~0.699, F % 0400, Hrf GRO8 i i )£ B A5 B & e i (0.699),
GR48 i s {1k (0.040) (3 2).

SRR I B L R B R, A 2.292 4, WRMIUERER >, A 2.792 4, WK 2.508 4. A
R BB 1.798 A4~ SEWIN 24 BE R 0.459, SFHMIEEZA FE R 0365, 5 MEREM R L8067
MR 82.50%, LA Ige B fe = (95.83%), B LU BERINNG 22 Fa HE 433k 87.50% H1 79.17%, & FHE
TS 2 JR B AIC (75.00%) . Nei’s /5 ZREMEFE 80, RN BB e, R 0431, ELBBRM, N
0.332, V¥4 0.365; Shannon’s {55 545 B0 & B Sy, 0 0.720, VL RFFRAL, 4 0.541, “F¥H
0.608; 5 fERERY Shannon’s {5 B 55 E T Nei's it ZFEEFE 5L, H&E A bER—2. DI %L
KEHE BRI 5 R Y 35 AL S REPE B B (Nei’s 1815 ZRE P48 50 0.431, Shannon’s 5 EL35 %l
0.720), VELJERENH G ZAEPEEAIE (Nei’s 8% ZFEEF8 %R 0.332, Shannon’s {5 B 84K 0.541) (3¢ 3).
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Table 1 SSR primers used in male 7. grandis

; SED S/ X . X D,
BIIgE SSRILF M EE R iE. K515 o PCRY K BEKE bp KR .
B/ tric

F: GGCTATGCTACACCCAAAGAA o

ZAFU-1 (TG)y 59.0 160~200 RN HEX
R: GGGGCACCACCTATTGTATG
F: TCAAAGTGCAACCGGTACAA

ZAFU-2 (TG)y 59.0 110~140 K'Y FAM
R: CAACAGGCCAACATGGAGTA
F: GGGTTACCCCCTTGCTTTAT

ZAFU-3 (CAG) 59.0 250~280 FREEEENT ROX
R: CCCTACTTTATTTCCGTGCG
F: GAATTCCCATTCCCATTGTG “

ZAFU-4 (TAA)g 59.0 140~170 TRESENT TAMRA
R: ACCCCCTTCTGCTCTGATTT
F: AATGAATGCGTGTTACGCTG 5

ZAFU-5 (TTC)q 59.0 170~200 TREEENY HEX
R: TTGGAGCGGAAGGAATAATG
F: CCAATTTGTGGAGCGTTTCT

ZAFU-6 (TTCT)s 59.0 190~210 FREEENY FAM
R: TGTGGAAAGGTGGTGAACAA
F: TTTTCCAACTCCAACCCTTG

ZAFU-7 (TATT)s 59.0 170~190 FREEENY ROX
R: ATGTTTGGGGTTGACGTGTT
F: AATTGGCCCTTCATTCAACA

ZAFU-8 (TAGCA)s 60.0 250~700 KEEE'Y TAMRA
R: CTAGTGGGTGCATTTGAGCC
F: ACATCTGCAAGGCAAGGTTC )

ZAFU-11 (AT)g 59.0 170~180 KA FAM
R: TTGAATTTTCACCAGGCTCC
F: AAGGTTGCCACCTCAGTCAC o

ZAFU-16  (TGAGCC), 60.0 220~260 RN TAMRA
R: ACAGAACGTCTCCAACCGAC
F: GCTGTCGAAGCGTTGGAGAA 5

GRI12 (ATTT), 56.0 204~216 L% HEX
R: TCTGAAACCTCGCTCGAACC
F: TTTTAGAACTGCTTGCCCGT

GR48 (CA), 58.0 197~205 L% ROX
R: CATGTACATGCACCATCATGC
F: TCCAGTCAGCGCGAATAGTC

GR67 (TCC);, 58.0 141~162 L% TAMRA
R: AGTAGAGGAGTCCATGGCGT
F: GGCTCAGTACTCCCAAACCC

GR81 (CCT), 57.0 211~226 L% HEX
R: TCGGCTCCTTTATACGACGC
F: TATTCGAGACGCGCATTCGA

GR98 (ATCT)s 58.0 161~173 LIZEM) FAM
R: CTCGCATTGAAGCTGTCTGC
F: GGACGTCTCAGCAATGTCAA

TG19 (CAT), 53.8 100~250 YI & TAMRA
R: GCAAAGAAAAGGATTGCCAC
F: GGCCGTGAGAGTAGCATAGC

TG32 (GAA){GT(AGA), 58.5 100~250 YI & HEX
R: AGGTCCCTCACCATGAGCTT
F: AGTCAAGAGCAGAAGGAGCG

TG55 (AAC), 56.3 100~250 Y1 A ROX
R: TATTGGTGTTGGTGGTGGTG
F: GCTTTCACTCGGGTTTGTCT )

TG65 (TTG)g 55.3 200~300 YT TAMRA
R: AGCAGCAGCAGCAATAACAA
F: AGCCTCCGATGAATCCTCTT

TG70 (AAG), 545 200~300 N E HEX
R: AACATCTGCTTTTCCATGCC
F: AGTTGACGCAGCGCTTTAAT 5

TG81 (TGC)4(TTC)s 54.0 180~250 M e FAM
R: GGTTTTGTGGGGAGTTTCAA
F: AACACCACACCACCTGATGA

TGS2 (CAG)5(GAG)s 57.0 200~300 Y1 4 ROX
R: TACCGCTACAGCAACACCTG
F: GCACAAACATCCATGCAAAC

TGS8 (TG), 55.6 200~300 Y1 55 TAMRA
R: AACAAGGGTCCAGGGAGAGT
F: CACTAGGGCTTCCTGCACTC

TG90 (CTG)«(ATT), 55.7 150~250 YI & HEX
R: AGAACAAATATGCCCCGTTG

23 BEESUESH

5 AN HEEHIEAR A1 25 1 I 52 R BN —0.923(ZAFU-8)~0.143(GR12), I AE R BO-0.227, 4K
AL Q24 IS RBOE, A48 KRB i R G T Y &7 it 2 231k R 800 0.006
(GR81)~0.286(ZAFU-7), V3418t % 43 AL R B R 0.096, 1 Nei’s 18t 1% 22 FF M 45 K00 5 00 B PEAE AR Nei’s
EFENZRERE N 0427 FER AV RS RER, FRFENTY 417205 4). AMOVA SR HERHE
PR AR 18] 22 5B 2% (P<<0.01), Jaff AL A8 S i K F e ], JEHE A o 799%, i e A 1] ) 1
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Table 2 Genetic information of SSR loci amplified from male 7. grandis
EIEYE 33 SR R AL M 2% & B WA R Shannon’sfi B 155X ZHEESE
ZAFU-1 2 1.584 0.422 0.370 0.555 0.369
ZAFU-2 6 2.111 0.570 0.529 0.962 0.526
ZAFU-3 2 1.113 0.107 0.102 0.209 0.102
ZAFU-4 7 1.790 0.554 0.443 0.855 0.441
ZAFU-5 3 2.149 0.488 0.537 0.826 0.535
ZAFU-6 2 1.339 0.281 0.254 0.421 0.254
ZAFU-7 2 1.141 0.116 0.124 0.244 0.123
ZAFU-8 3 2.290 1.000 0.566 0.903 0.563
ZAFU-11 2 1.821 0.504 0.453 0.643 0.451
ZAFU-16 6 2.361 0.777 0.579 1.158 0.576
GR12 3 2.396 0.488 0.585 0.967 0.583
GR48 2 1.042 0.041 0.041 0.101 0.041
GR67 5 2.165 0.554 0.540 0.100 0.539
GRSl 3 2.721 0.934 0.635 1.044 0.632
GRY8 5 3.320 0.760 0.702 1.310 0.699
TG19 3 1.095 0.074 0.088 0.199 0.087
TG32 3 1.086 0.083 0.080 0.186 0.080
TGS55 5 3.038 0.703 0.674 1.255 0.671
TG65 2 1.563 0.356 0.362 0.546 0.361
TG70 3 2.394 0.901 0.585 0.945 0.583
TG81 3 1.069 0.066 0.064 0.158 0.064
TGS2 3 1.095 0.091 0.088 0.199 0.086
TGS8 6 2.842 0.603 0.651 1.205 0.648
TG90 4 2.439 0.546 0.593 1.010 0.590
Ty 3.542 1.915 0.459 0.402 0.704 0.400
x3 EMEREHNEESEGE
Table 3 Genetic diversity of male populations in male 7. grandis
Rt fﬁjﬁ JFiiJ%fzJit RREe] iﬁz%{z AR WA Nei’sﬁ1?%ﬁ‘f$ Shannor‘l)’sfg,"i'\ EZA=E]
/B S L% Bz 14 Bz 4 He/%
T JE R 17 2292 1.690 0.409 0.342 0.332 0.541 75.00
hZIERE 24 2.667 1.857 0.464 0.379 0.371 0.627 79.17
HHERE 24 2.375 1.822 0.453 0.360 0.352 0.587 75.00
BRIMERE 24 2792 1.899 0.556 0.441 0.431 0.720 95.83
wUERE 32 2.417 1.723 0.414 0.346 0.340 0.566 87.50
T2y 242 2.508 1.798 0.459 0.374 0.365 0.608 82.50
21% (35 5), RWEL 5 FEEDTEERN

24 BEEBRESH
5 ANHIERRS T R JoB TR 1) 25t A% AHLEE R 0.865~0.978,

()it 28 S de K .
B AL 22 5 85/ (36 6).

FARAR AT LR R I 5 B AR MER FEAE B0 Al 2 RZEHE, PR
BEL MR, BLJERE, HAOKRNR G, MELIXIr, Ml fa s 2o —2& (& 2).

SESRAE AR R 0.932, AHRIEIR &, (BdAELE
%#mﬂ’ﬂ‘n%ﬁj‘%o {%ﬁ%ﬁi%ﬁﬂl%ﬁﬂ’]ﬁ%ﬁﬁ%?ﬁt(o 145), s LA /D (0.865), VLT
fe 22 FE FEE R 65 L0 S P A i A B 8

I\ (0.022),

WAL ALE K (0.978),

R E Z 4]

1 B R L a it . B e
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Table 4 Genetic differentiation of SSR loci in male T grandis

145 NelsBAERZRRE T2 RE BIGHERE SR || 51995 Nel'sBJERZHE R B LR SRR
ZAFU-1 0.355 —0.186 0.043 5.616 GR81 0.628 —0.525 0.026 9.520
ZAFU-2 0.526 —0.158 0.068 3.445 GR98 0.687 —0.174 0.058 4.065
ZAFU-3 0.101 —0.165 0.093 2.430 TG19 0.086 —0.011 0.160 1.316
ZAFU-4 0.465 -0.474 0.121 1.820 TG32 0.080 —0.234 0.158 1.336
ZAFU-5 0.635 —0.015 0.084 2.719 TG55 0.670 —0.197 0.114 1.947
ZAFU-6 0.255 —0.145 0.029 8.345 TG65 0.368 0.031 0.009 26.235
ZAFU-7 0.124 —0.313 0.286 0.625 TG70 0.579 —0.818 0.184 1.106
ZAFU-8 0.564 —0.928 0.080 2.882 TGSl 0.650 —0.174 0.122 1.793
ZAFU-11 0.460 -0.218 0.083 2.769 TG82 0.089 —-0.113 0.062 3.799
ZAFU-16 0.580 —0.425 0.046 5.242 TG88 0.650 —0.045 0.101 2.226
GR12 0.581 0.143 0.082 2.791 TG90 0.549 —0.108 0.155 1.360
GR48 0.031 —0.085 0.064 3.688 S 0.427 —0.227 0.096 4.172
GR67 0.542 —0.101 0.076 3.048
®6 5AHEMEMEREEESMEERE
%% 5 m'ﬁﬂﬁﬁ‘j Eﬁﬂl‘:’ ﬁ ¥7-7_ % ﬁ*ﬁ' Table 6 Genetic distance and genetic identity among the 5 populations

in male 7. grandis

Table 5 Analysis of molecular variance (AMOVA) of male

o JERE EREEE WGLEEE W R SRR Bl
populations in male 7. grandis

BRI AME PR B EGE ERASLE P HERIRRE 0957 0964 0865 0952

. I&ZJEHE 0.044 0.976 0.895 0.978
JE IR 4 199526 49.882  1.797 21 <0.01 ——
BHA 116 791118 6.820  6.820 79 - 0.037 0.024 0.877 0.967
oy |Jle:n|\ B
it 120 990.645 56.702  8.617 100 FMEHE 0.145 0.111 0.132 0.873

WILERE 0.049 0.022 0.034 0.136

VLWL ML ARG, bR LA

2.5 BEEHRSH
Structure #PF M Hr 45 R KW . Ky 2~4 (K 3). 06 1 o°

R FEATRE S AT 2 ARER, BRI bRy S 0T [ - ":‘i;’: .
MR | BRI, R 4N EREALA RO AR 2 | . ‘s B,
Uk WAATA R T 3B, WBRHER 5 02 p e o moTREAT
RIS BESPAA FOE AL LR, 50503 AERE & 04 o e me 0 TN T

TR ASBEAR . W PTA FE )R T 4 D RE A, W
SR SFRBMEER —FE, W2 mREAE LR
G VAR, D5 3 EBENA AR A 1A REIR
g EARFRHT (B 2) B2, B A R 50 i
23 AHEHR AL AL, Y KA 3B, InP (D) K,
WO TR AR 1 3 ASBER (B 3). e R IR SR 25 1] (18] 4) T BBt RoR — Rt e 4, [/l —
R AR A A 85 48 2Ry, BIIR) — BT R K B A RSN W — A . BRIk 5 4
P A AR R R T LA 0ok 3 RO RE, V2 SRR PHE BRSO — 2% (AL LR ), I 20 Jm e AT BT L
R —25 (GROSERH), WM JE AR Sy — 28 (i SE R )

3 45t

ARFSERY]: RAE SSR ARC A WA B Rk, AT Zk AR SSR 517 R @ ¥y b B — & Y
Rt 3t N—MTET S e TR SR G R o SSRARIEAY I & 3EF DNA JP4, FIHEZ A1) SSR 5]

-12-10-08-06-04-02 0 02 04 06 08
FAFRL (17.06%)
o FE R wilG R A E SR o RN JEEE o Bl EHE
B2 5 NAERAER BB £ A AR AT

Figure 2 PCoA of 5 populations in male 7. grandis
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~3700 ¢ 1.0
0.8
~3800 |
o 06
g 3900 f Clo4
) 000 02 [
0 b=
4100 | I S i
~4200 1 2 3 "‘ 5 W & i 2 e
K A 4 T Structure £ #7649 5 AN B ARG
B3 T InP(D) 1B AP 1 A AR X & LHEAE

. . Figure 4 Genetic structure of 5 male 7. di; lations based
Figure 3 Reasonable group number of tested apricot germplasms 1eure enetic structure of > maie £. grandis popuiations based on

infored by InP(D) structure analysis

WittT HbrPFh SSR 51 ¥R i AN —Fh & T i . e b, A —$Fh iy SSR 51 W4 BRI A 5T
HN IZ AR SRS Y, (H AT A PCR AAENE IR R h IR AR, 2 AN R R B B s ni 5 | 4 55
WA, M2y BEE R, R Se g BT T o | it . AR L IR ME AR , 3 A7 0 T
PERERS o 3t ] BEiE B E A FURERS SSR 51 ) ANid T HERR Y 4L

AWFFEH) SSR A W . MEHRERS A AE 2S5 RIS (R D)o BREBEE SRS, NER
MBI B R W B & B, METEMER (09 2 & BEAR B B, X LK B AE Shannon’s {5 B #6 %X | .
BOSTSEIN %5 A3 : Shannon’s {5 B R AR T 0.5 B R B L ZREMEE R o 31X 55 MR e I 55 ik R SR 4%
AR BRI G, [FIRE, RBP4 G . Shannon’s {5 B R, 280G H 4 WABAIR,
(HRER A G T TR A . SXNEDLY FIH SRAP ARiC W o8 MEPEHERS B BER 25 AT L, AFoT 45
R (BN EITH . Nei's L ZFEMEFE S . Shannon’s {7 BIEE0) B T BRI Z5 R, ] i it
W% SSR ARC BT WAEARIC, TEZSW Camellia sinensis®' . T3¢ Beta vulgaris®? WG 25 Y45

AHFFE 45 09 °F- 34 Shannon’s {5 B 18500 0.704, 3% T [FJ@AE 9 L ILAE T, fargesii J& #F (Shannon’s
5 EAR BN 0.370)% 1 A JE B (Shannon’s 15 B 6 04 0.309)°% LA K [F] B} 45 ¥ B U7 21 5 A2 Taxus
wallichiana (Shannon’s {55 B35 4% 0.376)*" 1[4 &2 Pseudotaxus chienii (Shannon’s {55 B35 %% 0.236)™ 1 5%
FrR R 455 . WRIGHT™ 58 IA Ny . B L RECK T 0.25 F, RUIBHRRIA R KM w101k AHT
G MEPERIEARS S8 B 1 3t A% o0 AR BEAR /N GBH% 70 fE R BCR 0.096 <<0.25), 1dBH JE F ] SE PR A i i ¢ . 5
PRI A2 52 ] F A P RS A ) s A% A8 S AR B i B R R BT, RN R B I A 25 i i A8 57, B RER)T IR
FM k. WRIGHT® IRy . JERIE > 1 B U6 BH S B (B A A — 8 SR R 8l . ARBIFSY 5 A HEVERERT o
) Y 5 RO R 4172, AUBE B A ER R EEF 3, H KT SRAP FRic 9 43 Hr 45 2% (G H
2.192)" AR T 528 . VAR ) 5 PR 1) 7 357K (5.380)7) 33 S5 AR ME A S ok XU PR R PR ARLARE .
B R A S BB B s R i A, 25 FE B s A AR LR s o X AE A% AL R 8 A iR e,
XS B A5 R —3, 15 HAMRICK™ BF5% 528 KU A M) M 4510 AHAT , Rt % AR S =24 rh
FERRREN . B, WEEWETERNMRNRIET, HEEEXE R AR IR

N AR AT BT 25 R S B EE R R , RN AR ARG B M 2RO — 2 RN AR J 7,
ANz ETFAEREAAERY, RS A SRR R, 15T 4 A EBEEAE R . N EARAR AT A SRR BRI
MIBRESN, HARERER MR ZE —, X it R R R RN

R ZFEIE S Y A B A A RISE S e T BB DG, R R R W RO PR 3 1 R ) AL
WP, B AR, RN IR AR A A N R R, AT R TR — 2D s B AR AR AR
WFE RN MEVEAEA it 2T o MR 0 Z2 ARk Sl MEMERIEARS 11 22 5Pk SAEARE ) Al 7K ST 1) 224
PEEH T EZE TR, AL R AT S 2 B AL T A B, [R] e Bk B A
HEPNFS AL R R OO BRI, AR B JR (AR K R SR .



336

RN/ NI NI e 14 20224F4 420 H

4
[1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

5% Xk
Felet, BEas, i Tk, 5. AR A B 5 AR A PR L] Wik Besidie, 2007, 24(4): 383 — 388.
CHENG Xiaojian, LI Zhangju, YU Weiwu, et al. The resource distribution and ecological habits of Torreya grandis [J]. J
Zhejiang For Coll, 2007, 24(4): 383 — 388.
Sy, B, ARRAE, 55 AER B A S BRI A (] ZRUROIARE, 2013, 41(19): 8200 — 8202.
Y1 Guanmei, QIU Yingjun, LI Xiaohua, et al. Geographic distribution and resource status of Torreya grandis [J]. J Anhui
Agr Sci, 2013, 41(19): 8200 — 8202.
FER 2, XUBE, W Hedn, 5. MEPEHIER KR RER B 2 FEPE SRR T [ #TTTARMOR 227412, 2020, 37(6): 1120 — 1127.
ZHAN Liyun, LIU Lian, ZENG Yanru, et al. Phenotypic diversity of male cones and the selection of superior plants among
male populations in Torreya grandis [J]. J Zhejiang A&F Univ, 2020, 37(6): 1120 — 1127.
T, WAL, TR R HERR R ISSR AL ZAEPE T (1], UMl R 272441, 2010, 32(2): 39 — 45.
WANG Guoxia, CAO Fuliang, FANG Yanming. Genetic diversity of ancient male ginkgo trees by ISSR analysis [J]. J
Beijing For Univ, 2010, 32(2): 39 — 45.
ZHOU Yanqing, ZHOU Chune, YAO Huanlin, et al. Application of ISSR markers in detection of genetic variation among
Chinese yam (Dioscorea opposita Thunb.) cultivars [J]. Life Sci J, 2008, 5(4): 6 — 12.
XUFN4], AR, I3 B8 2 751 SSR(simple sequence repeat) 5T HE R (1], A= B2, 2004, 16(3): 173 — 176.
LIU Liezhao, LIN Na. Research advance of SSR (simple sequence repeat) in canola [J]. Chin Bull Life Sci, 2004, 16(3):
173 = 176.
gz, AR, IUBSE, 55 Y SSR ARICTF R B TSt e L] . B2 H R BT, 2018(36): 18 - 20.
LIU Hui, PENG Chunyu, WU Zhongliang, et al. Development and application of plant SSR markers [J]. Sci Technol
Innovation, 2018(36): 18 — 20.
FRE B, XA, SRAE, 4%, A SSR ARic i & e b HAR L F A h i L. F KR, 2005, 13(2): 8 — 11.
GUO Ruixing, LIU Xiaohong, RONG Tingzhao, ef al. Development of SSR marker and its application in plant genetics and
breeding [J]1. J Maize Sci, 2005, 13(2): 8 — 11.
(2, BEREN, HEGHE, 55, BHERIATEMRISE ML ZREPE AFLP 387 (1], MRl BR#0E5E, 2009, 22(3): 367 - 372.
MIN Hui, CHENG Shiming, KANG Zhixiong, et al. Genetic diversity of different Torreya grandis populations by AFLP
[J]. For Res, 2009, 22(3): 367 — 372.
S5, W D, SR A5 BT AR Ko TR e MR AR A O AR B (T). 2 A E R, 2019, 17(16): 5513 —
5520.
WU Hao, YU Weiwu, WU Huimin, et al. Determination of core germplasm in Torreya grandis Fort. ex Lindl. based on
seed traits and molecular markers [J]. Mol Plant Breed, 2019, 17(16): 5513 — 5520.
XTI AR 8 1L ZHEPERY SRAP FRiC /4T [D]. T #i RO, 2014,
LIU Haokai. SRAP Marker-based Analysis of the Genetic Diversity in Torreya grandis[D]. Hangzhou: Zhejiang A&F
University, 2014.
NAGOKA T, OGIHARA Y. Application of inter-simple sequence repeat polymorphism in wheat for use of DNA markers
in comparisonto RFLP and RAPD markers [J]. Theor Appl Genet, 1997, 94: 597 — 602.
ZENG Jun, CHEN Jie, KOU Yixuan. et al. Application of EST-SSR markers developed from the transcriptome of Torreya
grandis (Taxaceae), a threatened nut-yielding conifer tree [J/OL]. Peer J, 2018, 6(3): €5606[2021-02-18]. doi: 10.7717/
peerj.5606.
Y1 Guanmei, ZHAO Tingting, YIN Zhinang, et al. Mining and characterizing EST-SSR markers from ESTs of Torreya
grandis [J]. Biochem Syst Ecol, 2016, 65: 124 — 128.
LI Jianhui, JIAO Jing, JIANG Kai, et al. Development and characterize of microsatelliites in Torreya jackii(Taxaceae), an
endangered species in China [J]. Am J Bot, 2011, 98(12): 349 — 351.
KA, FIRCAL, BRAR, 2. MR SR AL SSR A5 BT S ThRic I & (1], =44z, 2017, 34(10): 1258 — 1265.
ZHANG Min, ZHOU Caihong, CHEN Tao, et al. Analysis of SSR information in transcriptome and development of
molecular markers in Torreya grandis [J]. J Fruit Sci, 2017, 34(10): 1258 — 1265.


https://doi.org/10.3969/j.issn.0517-6611.2013.19.047
https://doi.org/10.3969/j.issn.0517-6611.2013.19.047
https://doi.org/10.3969/j.issn.0517-6611.2013.19.047
https://doi.org/10.11833/j.issn.2095-0756.20190676
https://doi.org/10.3969/j.issn.1004-0374.2004.03.010
https://doi.org/10.3969/j.issn.1004-0374.2004.03.010
https://doi.org/10.3969/j.issn.1673-1328.2018.36.010
https://doi.org/10.3969/j.issn.1673-1328.2018.36.010
https://doi.org/10.3969/j.issn.1673-1328.2018.36.010
https://doi.org/10.3969/j.issn.1005-0906.2005.02.002
https://doi.org/10.3969/j.issn.1005-0906.2005.02.002
https://doi.org/10.3321/j.issn:1001-1498.2009.03.010
https://doi.org/10.3321/j.issn:1001-1498.2009.03.010
https://doi.org/10.1007/s001220050456
https://dx.doi.org/10.7717/peerj.5606
https://dx.doi.org/10.7717/peerj.5606
https://doi.org/10.1016/j.bse.2016.02.017
https://doi.org/10.3732/ajb.1100179
https://doi.org/10.3969/j.issn.0517-6611.2013.19.047
https://doi.org/10.3969/j.issn.0517-6611.2013.19.047
https://doi.org/10.3969/j.issn.0517-6611.2013.19.047
https://doi.org/10.11833/j.issn.2095-0756.20190676
https://doi.org/10.3969/j.issn.1004-0374.2004.03.010
https://doi.org/10.3969/j.issn.1004-0374.2004.03.010
https://doi.org/10.3969/j.issn.1673-1328.2018.36.010
https://doi.org/10.3969/j.issn.1673-1328.2018.36.010
https://doi.org/10.3969/j.issn.1673-1328.2018.36.010
https://doi.org/10.3969/j.issn.1005-0906.2005.02.002
https://doi.org/10.3969/j.issn.1005-0906.2005.02.002
https://doi.org/10.3321/j.issn:1001-1498.2009.03.010
https://doi.org/10.3321/j.issn:1001-1498.2009.03.010
https://doi.org/10.1007/s001220050456
https://dx.doi.org/10.7717/peerj.5606
https://dx.doi.org/10.7717/peerj.5606
https://doi.org/10.1016/j.bse.2016.02.017
https://doi.org/10.3732/ajb.1100179

5539 B4 2 ) FRXURESE - BREMERER 1812 2 REPER) SSR ZOLARIC T 337

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]
[26]

[27]
(28]

[29]

[30]

(31]

[32]

FRER, 205, B, 45 A AFLP ROSAA R B 7 S Al L] PHALRAMABHE R 2224 (1 8 BE R0, 2010, 38(6):
88 —94.

WANG Dawei, LI Yu, ZHOU Wei, et al. Establishment and optimization of AFLP reaction system in Eucommia ulmoides
Oliv. [J]. J Northwest A&F Univ Nat Sci Ed, 2010, 38(6): 88 — 94.

EXCOFFIER L, SMOUSE P E, QUATTRO J M. Analysis of molecular variance inferred from metric distances among
DNA haplotypes: applications to human mitochondrial DNA restriction data [J]. Genetics, 1992, 131(2): 479 — 491.
HUANG Hong, LU Jiang, REN Zhongbo. et al. Mining and validating grape(Vitis L.) ESTs to develop EST-SSR markers
for genotyping and mapping [J]. Mol Breed, 2011, 28(2): 241 — 254.

EVANNO G, REGNAUT S, GOUDET J. Detecting the number of clusters of individuals using the software STRUCTURE:
asimulation study [J]. Mol Ecol, 2005, 14 (8): 2611 — 2620.

FF, Fion i, SRAETT, A T IE R T\ (AR IX) AK RSSO RS L 254 9 SSR 234 [1]. i 0l B, 2015,
48(13): 2538 —2548.

WANG Ling, ZUO Shimin, ZHANG Yafang, et al. SSR analysis of population genetic structure of rice sheath blight
causing agent Rhizoctonia solani AG1-IA collected from eight provinces (autonomous region) in southern China [J]. Sci
Agric Sin, 2015, 48(13): 2538 — 2548.

BOSTSEIN D, WHITE R L, SKOLNICK M, et al. Construction of a genetic linkage map in man using restriction fragment
polymorphisms [J]. Am J Hum Genet, 1980, 32: 314 — 331.

XU, BT, # 4, 45 SSR. SRAP. ISSR Jr THRICAEAM i Ff B AR Y LB e [T]. M7, 2014, 34(6):
617 — 624.

LIU Zhen, ZHAO Yang, YANG Peidi, ef al. Comparison of parents identification for tea variety based on SSR, SRAP and
ISSR markers [J].J Tea Sci, 2014, 34(6): 617 — 624.

FAL, RIWR, ERER, 55, A SRAP 55 SSR ARTC /M AN [R] & BT 1 8t A4 22 B4 (0] 4192741, 2008, 34(1):
37 —46.

WANG Huazhong, WU Zedong, WANG Xiaowu, ef al. Analysis of the genetic diversity in different types of sugar beets by
SRAP and SSR markers [J]. Acta Agron Sin, 2008, 34(1): 37 — 46.

WRIGHT S. The genetical structure of populations [J]. Ann Eugenics, 1951, 15(4): 323 — 354.

5B 2, TR . RERT T BESAL ZHEHERY cpSSR 4347 [I]. M2, 2014, 31(4): 583 — 588.

YI Guanmei, QIU Yingjun. Genetic diversity of Torreya grandis populations as revealed by chloroplast microsatellite
markers [J]. J Fruit Sci, 2014, 31(4): 583 — 588.

SLATKIN M. Gene flow and the geographic structure of natural populations [J]. Science, 1987, 236(4803): 787 — 792.

F R, £ R, EORUL, 45, 7 AR DX LR T (438 A% Z AR SRR SE #2087 (7). AR, 2018, 51(19): 3766 —
3777.

GAO Yuan, WANG Kun, WANG Dajiang, et al. The genetic diversity and population structure analysis on Malus baccata
(L.) Borkh from 7 sources [J]. Sci Agric Sin, 2018, 51(19): 3766 — 3777.

HAMRICK J L. Gene flow and distribution of genetic variation in plant populations[C]//URBANSKA K. Differentiation
Patterns in Higher Plants. New York: Academic Press, 1987: 53 — 67.

i, FEFEG, XS, A, AR AR B AL 25 ek L WML RHEE, 2014, 34(6): 1 -5,

HE Ming, DONG Leiming, LIU Haokai, et al. Genetic differences in ancient Torreya grandis cv. Merrillii trees [J]. J
Zhejiang For Sci Technol, 2014, 34(6): 1 — 5.

XU, Ty B, 2L, 30 E 25 A R BT s AL Z R XTI Bk (], Al B AT, 2008, 29(3): 66 — 70.

LIU Ping, MA Hongwei, WANG Zhangjun. Research progress on genetic diversity of germplasm resources of medicinal
plants in China [J]. J Agric Sci, 2008, 29(3): 66 — 70.

B, SO, 20 A5 T 25 I s AL ZAEPERT ST ERE (1], HhRe2h, 2006(10): 1584 — 1589.

GE Shujun, MENG Yijiang, LI Guangmin, ef al. Research progress on genetic diversity in Chinese medicinal plants [J].
Chin Tradit Herb Drugs, 2006(10): 1584 — 1589.


https://doi.org/10.1093/genetics/131.2.479
https://doi.org/10.1007/s11032-010-9477-2
https://doi.org/10.1111/j.1365-294X.2005.02553.x
https://doi.org/10.3864/j.issn.0578-1752.2015.13.006
https://doi.org/10.3864/j.issn.0578-1752.2015.13.006
https://doi.org/10.3864/j.issn.0578-1752.2015.13.006
https://doi.org/10.3969/j.issn.1000-369X.2014.06.016
https://doi.org/10.3969/j.issn.1000-369X.2014.06.016
https://doi.org/10.3321/j.issn:0496-3490.2008.01.006
https://doi.org/10.3321/j.issn:0496-3490.2008.01.006
https://doi.org/10.1126/science.3576198
https://doi.org/10.3864/j.issn.0578-1752.2018.19.013
https://doi.org/10.3864/j.issn.0578-1752.2018.19.013
https://doi.org/10.3969/j.issn.1001-3776.2014.06.001
https://doi.org/10.3969/j.issn.1001-3776.2014.06.001
https://doi.org/10.3969/j.issn.1001-3776.2014.06.001
https://doi.org/10.3969/j.issn.1673-0747.2008.03.018
https://doi.org/10.3969/j.issn.1673-0747.2008.03.018
https://doi.org/10.3321/j.issn:0253-2670.2006.10.051
https://doi.org/10.3321/j.issn:0253-2670.2006.10.051
https://doi.org/10.1093/genetics/131.2.479
https://doi.org/10.1007/s11032-010-9477-2
https://doi.org/10.1111/j.1365-294X.2005.02553.x
https://doi.org/10.3864/j.issn.0578-1752.2015.13.006
https://doi.org/10.3864/j.issn.0578-1752.2015.13.006
https://doi.org/10.3864/j.issn.0578-1752.2015.13.006
https://doi.org/10.3969/j.issn.1000-369X.2014.06.016
https://doi.org/10.3969/j.issn.1000-369X.2014.06.016
https://doi.org/10.3321/j.issn:0496-3490.2008.01.006
https://doi.org/10.3321/j.issn:0496-3490.2008.01.006
https://doi.org/10.1126/science.3576198
https://doi.org/10.3864/j.issn.0578-1752.2018.19.013
https://doi.org/10.3864/j.issn.0578-1752.2018.19.013
https://doi.org/10.3969/j.issn.1001-3776.2014.06.001
https://doi.org/10.3969/j.issn.1001-3776.2014.06.001
https://doi.org/10.3969/j.issn.1001-3776.2014.06.001
https://doi.org/10.3969/j.issn.1673-0747.2008.03.018
https://doi.org/10.3969/j.issn.1673-0747.2008.03.018
https://doi.org/10.3321/j.issn:0253-2670.2006.10.051
https://doi.org/10.3321/j.issn:0253-2670.2006.10.051

	1 材料与方法
	1.1 试验材料
	1.2 试验方法
	1.2.1 基因组DNA提取
	1.2.2 SSR分析
	1.2.3 数据统计与分析


	2 结果与分析
	2.1 SSR引物筛选
	2.2 遗传多样性分析
	2.3 遗传分化分析
	2.4 居群聚类分析
	2.5 遗传结构分析

	3 结论与讨论

