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Genetic Diversity Evaluation of a Rare and Endangered Species

Phoebe chekiangensis
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Abstract: Phoebe chekiangensis is a rare and endangered species in China. The investigation on the genetic diversity and
genetic structure of populations will provide scientific basis for the effective protection and utilization of germplasm resources of P.
chekiangensis. Fifteen pairs of SSR markers were used to detect 175 germplasm resources from 10 populations by capillary
electrophoresis to analyze the genetic diversity and genetic structure of P. chekiangensis. A total of 114 alleles (Na) were detected in
175 germplasms of P. chekiangensis by 15 pairs of primers, with an average of 2.371 effective alleles (Ne) per pair of primers. The

polymorphic information content (P/C) of SSR primer ranged from 0.323 to 0.844, averaging at 0.629. The populations of P.
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chekiangensis showed a moderate degree of genetic diversity (Ho=0.621, He=0.478). The inbreeding coefficient within
Subpopulations (Fis) was -0.237, and the inbreeding coefficient for Total populations(Fif) was 0.082, indicating that the
heterozygosity rate was high. There was high genetic differentiation (Fst=0.275) and low gene flow (Nm=0.763) between populations.
Analysis of molecular variance (AMOVA) showed that the inter-individual differences within the population were the main source of
genetic variation, accounting for 78.7% of the total variation (P < 0.001). The population structure analysis and cluster analysis
divided 10 populations of P. chekiangensis from different provenances into three groups, and there were some gene introgressions
between populations. Habitat fragmentation and human disturbance may be the main reasons for the endangerment of P. chekiangensis,
and measures should be taken to protect the genetic diversity of P. chekiangensis by combining in situ conservation and ex situ
conservation.

Key words: Phoebe chekiangensis; endangered plants; SSR markers; genetic diversity; genetic structure
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Fig.1 Germplasm resources of P. chekiangensis
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Table 1 Geographical distribution of P. chekiangensis populations

4R Population FEA %L Sample number HiFEA7 # Location 2% Longitude(E) 25 Latitude(N)

JX DX 15 MNITEE P 117.7463° 28.9432°



X WY 30 YLVG 225 117.0664° 29.4594°

JX LS 7 YLF A 115.9942° 29.5326°
JX_sC 30 YLVEATI 116.3421° 26.3143°
7] HZ 12 AR IoAl| 120.1362° 30.2657°
ZJ NB 11 WLk 121.8012° 29.8103°
AR 10 AL FARA 119.4122° 28.3970°
AH QM 30 LR 117.7322° 29.8543°
HB_WH 15 WAL 114.4297° 30.5505°
HN WG 15 W EX] 110.6347° 26.6784°
1.2 DNA 28X

K F ) HE R 2H DNA Pt sl 210770 £ (B518231, _FRifg AL TOH BT AH ALK 44 DNA, 8 H{ EPPENDORF
R o 2 R I DNA VRSB, 385 B I B A i FEL VAL ) DNA B, -80°CERA7 % H
1.3 SSR 1/

SKH 15 6 22 AP AIRR S MR () SSR S AT Wi LA 8 A% Z R0 i, SIE B AR 2. IEM 514
5P us NS bRl K, AR R E MR A IR A T S . 26514 PCR B FR: 2xTSINGKE
Master Mix 10 uL, Primer F 0.15 pL, Primer R 0.15 pL, DNA 1 pL, ddH20 %% 20 pL. PCR § #F2FF: 94 °C
FASE 3 min; 94 °CAEME 30s, 60 °CEME 3055, 72 °CHEAH 30's, fFH 35 ¥K; HixJa 72 °CHEH 5 min.

# 215 % SSR 514152

Table 2 Information of 15 pairs of SSR primers

SIIFFFIR (5-3") HEHT WIERI KR P
514 SIMFFIF (5°-3") Primer sequence R (5°-3") SSR motif Fluorescent °C) (bp)
Primer Primer sequence F (5°-37) dye Anneal Product
temperature length

Pc06 AGCCCCTTAACCCTAACCCT CGGGTAGTTGTTGTGCCTCT (CT)6 TAMRA 59.87 193
Pcl0 CGAGATATTTGAGATTTGTAGGCCA ATGCCAATGCGATCGAAAGC (GO)7 TAMRA 59 228
Pcl3 TGCAAAAACCCCCTCCACTT TCGTAGACGAAAACCCTGCC (TCG)6 HEX 60 242
Pcl4 GGGAGGCATCTCTTACTCGC CCACGGGAGATACCACTTGG (CGC)6 HEX 59.96 242
Pcl6 CTAGTCGGAAGCAGAGCTCG ACCATTCCCCAAACAGTACCC (TCG)6 HEX 59.97 246

Pcl7 TCTGAGGCCATGTTTCGGAC GCGTTTGTTTAGGTCTCGCC (ACG)S HEX 60.04 249



Pcl8 TGCAAAAACCCCCTCCACTT TCGTAGACGAAAACCCTGCC (CT)8 FAM 60.03 254
Pc19 GGACCTCTCTACGGAGTTCCA GCCATTCATTTCTGGTGGGC (GCQO)7 FAM 60.34 255
Pc24 GCTTCTTCTTCGCATTCCCC GCCGCCGCCTATTCATTTCT (ACC)7 FAM 59.27 272
Pc28 AGTGGTCTGAATCACCAAACCA TGGGTTGGAACTTGGAAGCA (CG)7 FAM 59.83 273
Pc45 GGGAAAAGACAGACAGGGCA CAGGCCCTTTCACCTTTTGC (ATCTG)5 TAMRA 59.89 176
Pc71 TCTTATGGTGAGGTCTCCAATGT GCAAGATGCGCAGATTTCTCT (TTTTC)S FAM 58.90 267
Pc73 ATCATGGTCTTTGTCGCCGT AGTCGGATGATTGTCAATCCG (AAAAG)S FAM 60.04 272

GGATCAGCTTTGTGAGTTCTG (TACA)8 TAMRA 59.27 158
Pc81 GCTCCAACATGGGATTCACG

C

Pc96 CCCTCAACAAGGCCTCATGT GTGGGATCGAGAGGCTGATG (GAT)8 FAM 59.96 254

# HIDI Formamide Z&{#{5 GS500 LIZ W Fx4% 130: 1 184, ALk Mixo HL 10 ul Mix. PCR 74 0.5 pL
TBA N PCR AR, 95°CHNFATNAZTE 5 min, -20°C¥A %1, 4000 rpm &0 %] . I ABI 3730 x1 i# 4% 40 HT{X
BT BN E KA IS, FIH Gene mapper #1HLHUE i £t -

1.4 B

FIH Popgen32 #l GenAIEx!" (version 6.501) #AFTHEMIMEER TR (Na)  HREEMFEE (Ned <
Shannon {5 B840 (D « WG (Ho) « MEERGE (He) FBEZFEIESH, RN R AANILAL
R (Fis)  BHANNERZ 2% (Fio) « BECERE (Fso  FERT (Nm) FUSAEEE B . FIF CERVUSLH]
HHEZEEFEESE (PIC) , PIC<0.25. 0.25<PIC<0.5. PIC>0.5 73 HIARFARZ BVES S T2 &N
M TR . SR STRUCTURE 2.3.3 8473 BTl TR REARE5 4« BT Nei’s i8t4% 8585, i MEGA
BT AR 3 (UPGMA) BEITRFIATR L.

2 BRE5SH
2.1 SSR 3 FHrE B

HMHT 15 %5 SSR SIS HITLAE 10 NHREAR 175 AP RIEBET PO B A0 kAl . 45 BoR, 15 %f SSR 5l
WYIAE 175 3t b SR 2] 114 MR (Na) , FEEAMSEE 7.6 MRS ER (Na)
IR (Ne) 2371 (R 3) o HArllilSEAr 5 (Na) BB & Z PC24, K2 PC6
I PC14; HREEMIEE (Ne) HEHZ 12 PC19, /1572 PC18. Shannon {5 B84 (D WA RIEHA
0.333 (PC18) ~1.377 (PC19) , ~FIHME Ny 0.828, UM BMEIRBEAIE B E R . WAKF L, Wrilmg-F
MG TE (Ho=0.621) KT TIMBEEETE (He=0.478) . ZXER&E (PIC) fE5WA AL TE RN

0.323 (PC18) ~0.844 (PC19) , “F3450.629, Hd 13 M S NEEZ AN A (PIC>0.5) , 2 Mg AT



JE 2 AN (0.25<PIC<0.5) , FHHFTLE SSR SIWTEWTLA HRIHE RIFM 2 &M, eMA R~k
f& 2 P
% 3 15 3t SSR D FARICHIZ M

Table 3 Polymorphic analysis of 15 pairs of SSR molecular markers

(DA M 254 5 PR B REEALEE Shannon & 5184 R 2% 45 E WS RETE ZHEEEE
Locus Na Ne 1 Ho He PIC
PC6 3 2.231 0.772 0.700 0.490 0.572
PC10 8 2.374 0.858 0.766 0.508 0.604
PC13 4 1.364 0.352 0.219 0.217 0.342
PC14 3 2.010 0.687 0.761 0.470 0.542
PCl6 7 2.455 0.928 0.691 0.559 0.637
PC17 7 2.164 0.585 0.219 0.311 0.717
PC18 6 1.310 0.333 0.176 0.196 0.323
PC19 12 3.678 1.377 0.859 0.708 0.844
PC24 13 3.150 1.183 0.858 0.636 0.804
PC28 6 2.939 1.057 0.969 0.625 0.747
PC45 10 2.662 1.048 0.763 0.585 0.768
PC71 12 1.763 0.519 0.238 0.287 0.515
PC73 6 2.029 0.660 0.437 0.395 0.59
PC81 7 2.620 0.969 0.839 0.576 0.664
PC96 9 2.814 1.095 0.818 0.611 0.758
¥4 Mean 7.6 2.371 0.828 0.621 0.478 0.629

2.2 TR RIE R S

WITAE 10 MRS L S REMEAFAE R ZE R (R4, REBARII AN T (Na) ZBE RN
1.800 CHIL T3, WITTANPH) ~4.400 (VLPGEEYR) , “FI(E N 3.047; 13 XA BRI EL (Ne) AL TEH N 1.692
CHFTAABH ) ~2.972 (VLVGEN) , “FI41E A 2.371. Shannon {5 B 465 (1 RLIEREIAN 0.449 CGHFL T3
~1.164 (FLPHEEDS) , “FIME M 0.828. WL &E (Ho) ZALEREIA 0.410 GHFF R ~0.749 CLLBEIABIT),
SPEMEN 0.621. WA (He) RALIERIN 0.297~0.616, “FIME N 0.478. HIHEIATE (He) ZVFMMEE
B A 2 FEVE (B ZR bR, TLVREEM BRI & B fe s, HOL A RE AL B I3 (Ne)  Shannon {5 B4



(D Bk, RUNLTGEM A BA e AL 2 REVE s L T AR B8 & 2 (He) 1 Shannon
FEIES (D RAK, RYIHBHE 2 FEMERIC, X6 5 HRHAEE BN K.
T4 ANTHENER SRR

Table 4 Genetic diversity parameters of P. chekiangensis

U I 27 K P B R A Shannon {5 5 H5 4 M A 25 WIS
Population Na Ne 1 Ho He
LG (JX_DX) 4.267 2.972 1.164 0.622 0.616
LR (JX_WY) 4.400 2.701 1.010 0.631 0.535
LRSI (JX_LS) 2.400 2.084 0.704 0.670 0.433
LHAR (JX_SO) 2.933 2.447 0.885 0.639 0.541
WHTALM (2T HZ) 3.000 2.544 0.881 0.666 0.498
HHLT% (Z)_NB) 1.800 1.698 0.449 0.511 0.297
WHTAAPE (ZT SY) 1.800 1.692 0.484 0.646 0.338
LZRUALT] (AH_QM)D 3.000 2.616 0.940 0.749 0.558
IR (HB.WH) 3.067 2.551 0.901 0.666 0.515
WK (HN_WG) 3.800 2.405 0.863 0.410 0.451
) Mean 3.047 2371 0.828 0.621 0.478

2.3 ALK RFHARER L

AL 73 2R ORI R A2 e B AR A 1) 88 e 20 AL RE B2 A 4 A« 15 4> SSR BLAR I F Gt R R (R 5),
WA AR A Ta K (Fse) D9 0.275, REANIEZZE (Fis) -0.237, JERFR (Nm) 24 0.763, A
WL R RE R [R] G B AR R I8 2 Ak . WA B IR IR R 3L (Fis) Y8 FN-0.622~0.296, Hordt 12 M sl
FE, 4 AMLRCHIE, TPBIMEN-0.237, RFWTIARASA LRI — 2 MR G PRI G . BT
R (Fio) TEH-0.254~0.707, ~FHIME 0.082, FKMIFEARAEAE—ERILACI G . RECRIRI B4 7L R
K (Fso) YHY 0.177~0.458, REARTR B A KA B AL 7040 (Fs=0.275) o ZEPRL (Nm) Y8 Y 0.178~1.165,
TR IR LRI ARG (Nm=0.763) , P BE S0 T WIvT AR (s () R K10 8% 434k o

x5 ISR R LR

Table 5 genetic differentiation coefficient of P. chekiangensis population

i/ Locus TEANIEZE R B Fis T2 R Fit TEAR 8] AL P8 B Fse HE AL Nm

PC6 -0.428 -0.087 0.238 0.799



PC10 -0.508 -0.180 0.218 0.899

PC13 -0.010 0.256 0.263 0.700
PC14 -0.622 -0.248 0.230 0.837
PC16 -0.235 0.016 0.203 0.981
PC17 0.296 0.707 0.584 0.178
PC18 0.104 0.301 0.220 0.885
PC19 -0.213 0.001 0.177 1.165
PC24 -0.348 -0.018 0.245 0.771
PC28 -0.551 -0.254 0.191 1.056
PC45 -0.305 0.047 0.270 0.675
PC71 0.172 0.551 0.458 0.296
PC73 -0.107 0.328 0.393 0.386
PC81 -0.457 -0.152 0.209 0.946
PC96 -0.339 -0.041 0.223 0.871
¥)H Mean -0.237 0.082 0.275 0.763

ST % (AMOVA) i RER (R 6) , WiLMBANEEERER, HEROEN 78.7%, #
PRIA] A IBAE AR A o 21.3%, S8 AL 0 s B TR /KF (P <0.001) , B WL AFR R 138 15 48 57 3 3k
AR AR 2 T

% 6 HTRRHAD FHE

Table 6 AMOVA of populations of P. chekiangensis

AR S AR H BJ5An B7 2 JiF=A Y AR 5 LA BN
Sourceof varition Mean of square Sum of square Mean of square Estimated variance Variation ratio (%) p
AT Among Pops 9 402.766 44.752 1.199 21.3 0.001
FE4A Py Within Pops 175 777.500 4.443 4.443 78.7 0.001
1T Total 186 1823.277 5.642 100

24 BEEESREN M
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It A, FERARE D (B 3) o ik— BRI G 2 REE S BRI AR DG, 25T UPGMA VAR
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Fig.3 Structure analysis of P. chekiangensis with cluster number(K) of 3
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Fig. 4 UPGMA dendrogram of P. chekiangensis populations based on genetic distance
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Table 7 Genetic distance among 10 populations of P. chekiangensis

JX DX HB WH JX WY JXLS ZJHZ ZINB ZISY JXSC AHQM HN WG

0.000 JX_DX
0.143 0.000 HB_WH
0.194 0.145  0.000 IX_WY
0368 0401 0381  0.000 JX LS
0.296 0327 0248 0056  0.000 Z) HZ
0.350 0391 0253 0496 0243  0.000 ZJ NB
0.603 0.782 0780  0.663  0.656 0767  0.000 Z1 SY
0.326 0420 0400 0699  0.603  0.626  0.831  0.000 JX_SC
0.336 0364 0435 0352 0338 0494 0548  0.498 0.000 AH_QM
0.408 0716 0732 0738 0702 0721 0502  0.667 0.724 0.000 HN WG
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PIC>0.51F, SIYITTHRARE m, ZAMERS, IRHU 51T LUK R () S s f% 2 A0 ARHIE ST R 1Y
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WG TE (He) N0.478, SHIREUOERT, (HARMRTAKUT, WA 5345 (¥ @ - fl, XAl e 5 ¥
TP AT XA, R RN S0,
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117 75 762 13058 o V52 A AR E K T 5 DR 78 PT80S VAV 7 0 11 e ESER £ Ao B, I TARHA 11
BRI TR AR, IR T AR R R R SO O S 1
3.2 WL RERBRE AL AR 3P SR RR

WA 5 22 1) S S5 0 PR 3 1) 5 A BRAS ESR AR M e e () OB . BT AMB R A R I, WiV LA
2 EROKRY, R R, i/, BEThAEAREE T EA R, WHWETE, SEOEE AR
SRR AITIO. HK, WA AR 2, AR AL T BRI, BRI . s, Wi i
TAME GG M E R, ANRTIRLHER™E, SRRSO SN %, BT H R AR5 B
W2 FBEHAL )N, BAE RGPS, PEAFEE AT, R P A A2 R 3R 09, 454 AR
VORI AR ST, B A B AR T BB PT B 0 AR VA7 24 088 £ A S B 2 2
JA .

DRI A% 22 RE RS T4 b K38 B2 R AN A 785 ) B T S e OO P B A 22 R B It
AR SRR G MR IR AR K& L B ) 5, AH IR, 8% 2 REPE O PR B R 2 MU S MORTESE L . 0



LB BRI IR /20 (R, BT 30 A% 2 FE PR BIE TE 1 5 B o 5 B ORGP SRS AR 1 JT N %8 . AT,
TR R L Z R, SR A% DM RE T DLEE ORI T R A B D> Hasi A ZREIE IR, 7R
o T LR . BERFZEPR. BUM L ARBH SR SR A R BCR IX OREAR, AT DICRBGE Hh CRIP S5, Qi LR AR AF
AL R P S e 55

SE Rk

[1]  THIE, kA, ZEE, £95%, WL, IR, @l e ERIKE oL 28, MR 2R, 2018, 36(03): 452-458
Ding J M, Zhang X D, Li G L, Wang J, Huang J, Zhang Z X, Gao P X. Genetic considerations in recovery of endangered plants. Plant Science Journal,
2018, 36(03): 452-458

2] Exposito-Alonso M, Booker T R, Czech L, Gillespie L, Hateley S, Kyriazis C C, Lang P M, Leventhal L, Nogues-Bravo D, Pagowski V, Ruffley M,
Spence J, Arana S T, Weiss C, Zess E. Genetic diversity loss in the Anthropocene. Science, 2022,377, 1431-1435

[3] Wei X Z, Jiang M X. Meta-analysis of genetic representativeness of plant populations under ex situ conservation in contrast to wild source populations.
Conservation Biology, 2020.DOI:10.1111/cobi.13617

[4]  RWIbR, RTE, R, W0, REEaE, HEIE, N WUE YA 2R R B A5 A AT A S BER AR, 2014, 15(2):
255-261.
Xu G B, Wu X Q, Jiang G X, Genetic diversity and population structure of an endangered species: Tsoongiodendron odorum Chun. Journal of Plant
Genetic Resources, 2014, 15(2): 255-261

[51 A, FHEE W RE RSO EHE . R L R R EAREHERR, 2013, 37(4): 163-164
Xiang Q B, Ji C F. On the redesignation of lectotype of Phoebe chekiangensis. Journal of Nanjing Forestry University: Natural Sciences Edition, 2013,
37(4): 163-164

[6]  REM, WET, HPE, B, R AT TR RS SRR EI ST DU IPRAE R 225K, 2015, 33(03): 258-264
Wu X K, Xie C P, Tang G G, Nan C H, Xu Y H. Population structure and quantitative dynamics of Pheobe chekiangensis in Qimen County. Journal of
Sichuan Agriculture University, 2015, 33(03): 258-264

[71  FEka, 595, JEIESC, fTEs, BRIBER. AR AmT S BUR K S (AP . SRR BRARZEE, 2019, 33(03): 19-24
Wang S, Fang F, Fan Z W, He L K, Chen B J. The Status quo research, the rescue and conservation strategy for Phoebe chekiangensis. East China Forest
Management, 2019, 33(03): 19-24

[8]1  Z=flrk, MBS, BEdgde, xIgkdk, KEG. T RWHEME KNI A& SR ALK, EBFRE, 2019, 38(03): 182-188
Li WC, Tian X L, Sheng HY, Liu Y Y, Zhang R. Effects of drought stress and re-watering on photosynthesis and root growth of Phoebe chekiangensis.
Ecology Science, 2019, 38(03): 182-188

[9] Fhizig, 5, KRIEE, ME, B8, REL, Bk, HEER. a2 R VoIR 2 RerE. R AR 54K, 2018, 29(7):
2101-2110
LuYF,PeiNC,ZhuY J,BoZ L, Yang AN, Zhang J H, Lou L H, Tong Z K. Community structure and leaf trait diversity in a vulnerable species, Phoebe
chekiangensis (Lauraceae). Chinese Journal of Applied Ecology, 2018, 29(7): 2101-2110

[10]  TIEZE. WHLAH EST-SSR FricIF R KR IRFH R 1% 2 REMERT . WHLRMORE, 2014

Ding Y J. Development of EST-SSR markers and research of genetic diversity in natural populations of Phoebe chekianensis. Zhejiang Agriculture and



[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Forestry University,2014

ZERN, WAL, SR, AT, RIERL WL R B . HEAYAEAS SR, 2014, 38(12): 1315-1324

Li Y G, Liu X H, Ma J W, Shi C G, Zhu G Q. Phenotypic variations in populations of Phoebe chekiangensis. Chinese Journal of Plant Ecology, 2014,
38(12): 1315-1324

Peakall R O D, Smouse P E. GENALEX 6: genetic analysis in Excel. Population genetic software for teaching and research. Molecular Ecology Notes,
2006, 6(1): 288-295

Kalinowski S T, Taper M L, Marshall T C. Revising how the computer program CERVUS accommodates genotyping error increases success in paternity
assignment. Molecular Ecology, 2007, 16(5): 1099-1106

Uzun A, Yesiloglu T, Polat I, Aka-Kacar Y, Gulsen O, Yildirim B, Tuzcu O, Tepe S, Canan I, Anil, S. Evaluation of genetic diversity in lemons and some
of their relatives based on SRAP and SSR markers. Plant Molecular Biology Reporter, 2011, 29: 693-701

TKROKH, Zrte. SR SR S WIS R ARV T S RE R, AR A, 1999(01): 31-37

Zhang D Y, Jiang X H. Progress in studies of genetic diversity and conservation biology of endangered plant species. Biodiversity Science, 1999(01):
31-37

TRIRLL, E¥E, AN, RN, RATE, IR, sk, BT ARG L S T S RO BUE R . Mol 2024, 60(1): 68-79

Zhang J H, Wang Y, Zhou S C, Wu X L, Wu R C, Yang Q, Zhang Y T, Tong Z K. Genetic structure analysis and core germplasm collection construction of
Phoebe bournei populations. Scientia Silvae Sinicae, 2024, 60(1): 68-79

WO, TRE, RN, RER, Brlets, HMER. Rerim TTh R8T SSR FRic Mt & 2 Rt . #RlkREE, 2017, 53(5): 43-53

Yang H B, Zhang R, Wang B S, Xu Z 'Y, Chen H W, Zhou Z C. Analysis of genetic diversity in Schima superba plus tree germplasms by SSR markers,
Scientia Silvae Sinicae, 2017, 53(5): 43-53

g, FINT, SRR, (/N=, EEME, RS, FET SSR ARICHIVLIGE WA i 8% ZREIEPROT. M I0E IR 224, 2023, 24(2): 523-531
Zhong X R, Ke D, Huang X F, He X S, Wang Y J, Sun R X. Genetic diversity in the ancient Liquidambar formosana Hance revealed by simple sequence
repeat markers. Journal of Plant Genetic Resources, 2023, 24(2): 523-531

R, SCHE T, wKEIBR, XIGENS, YRR, RES, PR, XE. BREUEHEYAEA 18HE 2 R R SR A . RS SAR, 2021, 39(4):
415-423

Ye X Z, Wen G W, Zhang M Z, Liu Y P, Fan H H, Zhang G F, Chen S P, Liu B. Genetic diversity and genetic structure of a rare and endangered species
Semiiquidambar cathayensis Hung T. Chang. Plant Science Journal, 2021, 39(4): 415-423

SV, FESCE, RIN. S 2R R B R, PR MOl R K S 2R, 2010, 30(12): 80-87

Wen Y F, Han W J, Wu S. Plant genetic diversity and its influencing factors. Journal of Central South University of Forestry and Technology, 2010, 30(12):
80-87

Nei M. Estimation of average heterozygosity and genetic distance from a small number of individuals. Genetics, 1978, 89(3): 583-590

WSk, INEE, JRENEN, SRR, XSEENE, D7 H M. RAD-seq HARBTFCRE S MK AR IBAE 2 REMEATIBAE 250, MRl RLYE, 2022, 58(4): 74-81

Pan W T, Sun J J, Yuan Q Q, Zhang L L, Deng K Q, Li Y Q. Analysis of genetic diversity and structure in different provenances of Liriodendron by
rad-seq technique. Scientia Silvae Sinicae, 2022, 58(4): 74-81

SRR, HOKRA, XU, IR, BN, HHST. WA EAEE. T HEYE R, 2023, 21(8): 2577-2582



Zhang Y T, Zheng Y J, Liu X L, Li Sheng Xing, Dai X Y, Wu'Y F. The whole genome survey of Phoebe chekiangensis. Molecular Plant Breeding. 2022,
58(4): 74-81

[24]  FR/NGE. AEBER W0 A RN 32 % S5 40 BRI S i S R A% 2 R P BRYD . 7R354k, 2000(5): 884-892
Chen X Y. Effect of habitat fragmentation on genetic structure of plant populations and implications for the biodiversity conservation. Acta Ecologica
Sinica, 2000(5): 884-892

[25] im0 R AR SRS AR 2 R R R R AT FE 4RI . BRI, 2014, 33(07):1946-1952

Wu J, Liu Z M. Effect of habitat fragmentation on biodiversity: A review. Chinese Journal of Ecology, 2014,33(07):1946-1952



