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Abstract: [Objective] This paper clarifies the population structure and genetic diversity of rare and
endangered plant Bretschneidera sinensis, so as to provide scientific basis for the formulation of effective
conservation measures and management strategies. [Method] According to the comprehensive investigation
data of wild B. sinensis in Xianxialing Nature Reserve, Zhejiang Province of eastern China, the diameter
class structure of B. sinensis was analyzed by static life table and survival curve. Sixteen samples were
sequenced by gene recombination, and the nucleotide polymorphism, Tajima’s D wvalue, observed
heterozygosity and expected heterozygosity of Xianxialing population were calculated based on SNP
markers. [Result] (1) Based on the data of individual tree measurement data, the population of B. sinensis
was divided into diameter class, the number of trees in diameter class [ was the most, and the population
structure was generally increasing. (2) The nucleotide diversity of Xianxialing population was 0.000 155 +
0.000 112, the average observed heterozygosity was 0.125 021, and the average expected heterozygosity was
0.251 483, which was lower than that of populations in other areas, and the genetic diversity within

population was at a low level. (3) There was no significant correlation between population structure of
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growth type and genetic diversity. [Conclusion] The diameter class structure of B. sinensis population in

Xianxialing Nature Reserve is complete, and the number of B. sinensis population is increasing under the

background of climate change in the future, but the level of genetic diversity is low. In the future, in the

protection of rare and endangered species, we will actively carry out germplasm resource conservation to

avoid population decline caused by the loss of genetic diversity.
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Tab. 1 Sample information

T i Wi 2R i WK

Code DBH (D)/cm Tree height (H)/m Longitude Latitude Altitude/m
ENC861975 10.9 10.0 118°36'55"E 28°19'32"N 586
ENC861976 46.5 20.0 118°36'00"E 28°15'58"N 854
ENC861977 9.9 12.0 118°40'10"E 28°16'33"N 954
ENC861978 7.8 7.0 118°36'21"E 28°1724"N 721
ENC861979 20.2 14.0 118°39'11"E 28°18'59"N 973
ENC861980 13.1 14.0 118°36'57"E 28°19'32"N 565
ENC861982 6.8 7.0 118°38'43"E 28°19'51"N 1104
ENC861985 21.5 16.0 118°39'46"E 28°18'53"N 1031
ENC861986 21.4 11.0 118°39'14"E 28°19'11"N 868
ENC861991 4.2 6.0 118°39'24"E 28°16'59"N 1127
ENC861992 9.8 7.0 118°36'59"E 28°19'01"N 598
ENC861993 9.5 9.0 118°36'57"E 28°19'32"N 576
ENC861999 22.5 12.0 118°3933"E 28°17'15"N 782
ENC862000 21.3 15.0 118°40'06"E 28°16'40"N 879
ENC862004 35.1 19.0 118°36'06"E 28°16'10"N 792
ENC862005 30.0 19.0 118°36'06"E 28°16'11"N 785
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Tab. 2 Division standard of diameter class of B. sinensis
populations in Xianxialing Nature Reserve

1% Ry bt

Diameter class Division standard

I H<1m

I H>1m,D <3cm

il H>1m,3cm<D < 5cm
v H>1m,5cm<D < 7cm
A H>1m,7ecm<D < 9cm
VI H>1m,9cm<D < llcm
VI H>1m, llem<D < 13 ¢cm
Vil H>1m, 13cm<D < 15cm
X H>1m, 15cm<D < 17cm
X H>1m, 17cm<D < 20 cm
XI H>1m,20cm<D < 25cm
Xl H>1m,25cm<D < 30cm
XIII H>1m, D>30cm
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Fig. 1 Diameter class of B. sinensis populations in

Xianxialing Nature Reserve
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Tab. 3 Static life table of B. sinensis populations in Xianxialing Nature Reserve

x n a / dy qx Ly T, e lg/

I 567 396 1 000 111 0.111 944 4747 4.747 3.000
II 333 352 889 111 0.125 833 3803 4.278 2.949
i 127 308 778 111 0.143 722 2970 3.818 2.891
v 175 264 667 111 0.167 611 2247 3.371 2.824
\ 220 220 556 111 0.200 500 1636 2.945 2.745
VI 89 176 444 111 0.250 389 1136 2.557 2.648
Vil 52 132 333 111 0.333 278 747 2.242 2.523
Vil 61 88 222 111 0.500 167 470 2.114 2.347
IX 44 44 111 13 0.114 105 303 2.727 2.046
X 27 39 98 20 0.205 88 198 2.013 1.993
Xl 31 31 78 35 0.452 61 110 1.403 1.894
Xl 17 17 43 15 0.353 35 49 1.147 1.633
X1II 11 11 28 28 1.000 14 14 0.500 1.444

T NEERS R, A ARARES s n )y SE BRI REG a9 S0 IR REG DRAREIREG d 9 M Bilx + 12 18] B8 3 A PR UEALAE T4 ¢, 9 M xBllx + 1R 2R
[BIRR TR BB T35 Lo Moe Bl + 18 20 18] B 1 (BB AF TS MR B TR Motk G B8 I il 21 (11 8 580 ey P30 I3 %5 i « Notes: x represents age class, and
use the term “diameter class” as a substitute; n denotes actual number of existing individuals; a represents number of individuals after smoothing; / is
number of surviving individuals; d, is standardized number of death during the interval from age class x to x + 1; g, is mortality rate during interval from
age class x to x + 1; L, is number of individuals surviving from age class x to the interval of x + 1; T, is total number of individuals from age class x to

beyond age class x; e is average expected lifespan of individuals.
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Fig. 2 Survival and mortality curves of B. sinensis population from

Xianxialing Nature Reserve
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Tab. 4 Genetic diversity of B. sinensis from 14 populations
Tt AL AR R H 5 DIE A2 & R &

Population Sample size Nucleotide diversity Tajima’s D value Observed heterozygosity Expected heterozygosity
Al V% Xianxialing 16 0.000 155+0.000 112 0.047 445 + 0.671 743 0.125 021 0.251 483
% X Chongyi 15 0.000 167 +0.000 117 0.552 086 + 0.950 318 0.300 390 0.286 139
JJiti Enshi 6 0.000 159 +0.000 131 0.496 042 + 0.911 537 0.362 044 0.366 466
UM Huizhou 13 0.000 155+0.000 114 0.850 188 + 1.029 712 0.312 818 0.313 483
57 Jingning 15 0.000 155+0.000 112 0.909 770 + 1.056 234 0.322 549 0.308 749
475 Jinxiu 15 0.000 172 +0.000 144 0.720 591 + 1.104 005 0.342 749 0.302 705
EF Liping 15 0.000 131 +0.000 103 0.850 349 + 1.040 210 0.326 810 0.300 021
TSR Longquan 6 0.000 162 +0.000 130 0.536 961 + 0.932 633 0.363 763 0.370 912
JERE Longsheng 15 0.000 128 + 0.000 100 1.104 442 + 1.071 649 0.341 603 0.321 872
F4°F Nanping 15 0.000 125 + 0.000 102 1.168 049 + 1.428 407 0.423 665 0.335 638
Bfi21 Pingbian 8 0.000 062 + 0.000 073 1.015 086 + 1.294 885 0.582 349 0.403 382
5k Taibei 10 0.000 097 +0.000 090  0.617 904 + 1.480 714 0.328 674 0.307 104
Ti¥E 1l Wuzhishan 11 0.000 147 +0.000 118 1.279 910 + 1.169 980 0.387 804 0.369 657
KK F Zhangjiajie 10 0.000 178 +0.000 140 0.699 933 + 1.045 932 0.342 988 0.330 500

309 ik
3 HBENSEESHR

A EE W B SRR X 2 A7 B fe 2 FR4H SR 2
A X3 — o HE ST, 2 A SRR R A,

EUEIRMEE R, SRZ A, W) ARE R R,

WL Ul 52 M P A AR U100 A AR 4l 1 A7 0
R AR S R 2 A S W0 30 1 1) B iR PR 2 — 7
Al ER W ORAP DX AR SR FE SR 1 e kKR 2, 4l
M BCRECR, HARRE e 5, Bk 2PN KA
FaH . —J7 I, AlES e i X A I i 2
DX, A F PG b G, RIS KA 7T S A R
PRS2 S —J5 ), Al BRI B AR ORGP XA SR
PRI & 1A R A B GRS, N8 T HEREAR A ]
(N N B 7 = L E0 = )2 AT S T T

W A Bk AR AR R RO IR R, A=W oAl R AT W
AR, R E VRN IE B A DA R AR D T e £
FER Bl (BP0, B A R E 20 A X K F 5
R R H ALy 5K AER I AL T 2 B A AR AR R R
H AR I3 A0 DX IR AL 2%, FH X T 50 R X ) 38 Y
e AL BRI AR R R R, 1R i e B8, 4T
BRI OLAF, R HAZ ) A A A B RS
(SRR
32 MEEEEZEN

FEHE AT RE R, 38 A% A2 S B R BN AR
FH o 0 (380 4% 2 PR KT BRoE 35 H0 E IR BN
TIRHI I RLBE ST, Wik 2 FEPE I HE R 2 B R a
Foft OReAP A o A 2 P B2, xS R X AR A
SR IR T R 1A 38 A% 22 FE PRI T R0, A R R
Tl 7P AR K ST EL AT B e R 38 A% 2 AR, (ELR
P 1% Z AR IR AR A WF SR SNP AR it 5

GIMTAR SR B AL 22 RE I, % E TR 2 FEPEAE T R A
R, ANEZ I E AR ORI DXAR SRR AR A A 2 AR
A T AR K s WL A & FE MU B8 e 5 FE 2 /N T 0
b s DX, 3 WA N AL 2 AR MR RUIG . 4
GG R B AL Z R R A R, BRI R IR
SRR ) A 3 R, fH R BT 22 R M AR oAt
iy DX A AN 23, 10 IR SR A B A A S
HIBAL ZFEPE AT BB R R o

— NN, 3B ES W WG I DR 2R R A st
FEAR SN TG R 22 B IR, DA AR TE B T 5L
(e SRR A SRR A SO AL O R A AR R
AT RE R A RE b 32 31 1 AU, 2 BUA SR
REFPEE P ()38 4% 2 A5 1 KK R o Tajima’s D K
T 0 IR — L5 RECHE T IX AP RENE o TR RSN i A A
R/NRIA e i BE A5 25 A (R B )t G T B, 323K
WL Z R AT BRI I R Y A7 SR A 2 S RL ()
YD, VL LA (1) 1L 3 Ry A I 1 B ) UK
HME RO o ALl S 0 b P L2008 S T e A2 2 DU 2 DK
I8 R, B I HCE R A T R R IR T E A
Ao Gy —BhHEIN 2 LAY N 9 iE 3h 3 B0 SR A A S
W, AEBERE A B, RO R I, AR 2R
TR e . TR, AN ER IS B AR ORI DO B A AR AR
REFHE T S OR3P, A2 TR X I Bl P S5 oK PR 3
BEAIS 7 N4, A R 2 i 1 K 3 — MR K
EUMRE PN I ) 20 A% 22 AR PR BUAIG, AN P T e ke U
TEAK . SR, AHIEFTIE A% 22 FEE  Ar A kB
116 ANAMA, JE BRI FT b R] a5 i e A
FORIFETE ], SRk — 2 F2 T A SR R A 2
FEPE BTN

AT T8 AL 73 BT A B e DR AP DXART SR AR T B 25 4
Mg AL Z Fete e — B 7 LBa b, LA R



P11

JEI R SR AR U PR X AR AR BRI R S5 4 Bt A% 2 e 81

N B A% 2 FEPE BRIV BL R s [ 45 & 4 BRI AR
A L) 53 A BRI FZ 00 FEBL T AR AR 38 A 20 A1 (X 1)
R EE R B S . IS R B T B AR SR 1R
JEARZS AN 5E A7 R PR e oG 2, AWFFLA
A AR S84 b 5 B A B 37 RA T SR B T R AR AR
i, MO HADBSE A RS TARRBE T 2% . 18
SEbr LA, W] DUE N 28 & i F gt fr 37 iEHh frym
SRR, B A B RO ORI AR E B R BUa R 1
FRE, (et 2B 2 FEVE AR IIGES .

4 % ®

AR 0 B AR ORI DXAR SR R S5 4 SE 3, FER
RAEAZATE FCT, 12 DA SR o B 25 P
TS, S5 ET N A DRI AT A A R A — B
S IR AER LA SR AR I R e i 1 fR 97 T
P b, BATRLZAN SRS S A OR B AR, ORAF A
KALGEN, e3P R IR S B RE 7 R AR B R
P, DRAP FL BT AL I BEVE I AR TS R G TR AR F
JR B IR R AP, 3R T B AR AR AL 2 RE TR E AL,
8 6 PR 18 A% 22 R R I B R SR

& % x W

[1] Chase M W, Christenhusz M J M, Fay M F, et al. An update of
the angiosperm phylogeny group classification for the orders and
families of flowering plants: APG IV[J]. Botanical Journal of the
Linnean Society, 2016, 181(1): 1-20.

[2] Stevens P F. Angiosperm phylogeny website. version 14[EB/OL].
[2023—07] http://www.mobot.org/MOBOT/research/ APweb/.

(3] tgrhify, 50, 1RENED, 5. ST BRI B R R IX
TR BRI A S 0RP [J]. ZBUR SR, 2021, 27(8): 81-82.
Mei Z H, Zhang H, Xu R M, et al. Investigation and conservation
of Bretschneidera sinensis resources in Wangdongyang Alpine
Wetland Nature Reserve, Jingning, Zhejiang[J]. Anhui Agricultural
Science Bulletin, 2021, 27(8): 81—82.

(4] 5K, HAEM, M, 5. S EORPLELRT 5T ()], BURRL R
1%, 2019(4): 123-124,127.

Zhang J, Tian H L, Zhu Y, et al. Research on endangered

mechanism of Bretschneidera sinensis[J]. Modern Agricultural

Science and Technology, 2019(4): 123—124,127.

(5] S&e, RNIAR, RULER, 5. (8 S0 T R 3t B 20 A3 I 25 4% SR A6
L[] AR AR, 2020, 38(2): 185-194.

Guo F L, Xu G B, Mou H L, et al. Simulation of potential

spatiotemporal population dynamics of Bretschneidera sinensis

Hemsl. based on MaxEnt model[J]. Plant Science Journal, 2020,

38(2): 185-194.

[6] EZFMIAEGR. ERE R E R4 5% [EB/OL]. (2021
09-09) [2023-08-06]. https://www.gov.cn/zhengce/zhengeceku/
2021-09/09/content 5636409.htm.

National Forestry and Grassland Administration. National key

protected wild plant list [EB/OL]. (2021-09—-09) [2023—08-06].

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

https://www.gov.cn/zhengce/zhengceku/2021-09/09/content
5636409.htm.

AR, FHAERK, FRIA AL, ST M1 RE AR AT AR BEVE AR A 2 A i) 5
FZWETT 3], RO R 222441, 2016, 34(1): 29-33.

Yu X Y, Tian H L, Guo Z Y. Community characteristics and
interspecific relationship of Bretschneidera sinensis in southern
Guizhou, China[J]. Journal of Sichuan Agricultural University,
2016, 34(1): 29-33.

FRM, FREL, TRRA, S5 TR RS ORI L E A R
PRI RRAE LU A 51 R B 2A B 7T (7). 1 P44, 2011, 31(6):
789-794, 812.

Wang M N, Qiao Q, Zhang R J, et al. Studies on the community
feature comparison

and phylogeography of relic plant

Bretschneidera sinensis in Nankun and Daling Mountain,
Guangdong Province[J]. Guihaia, 2011, 31(6): 789—794.

TrF, AR, MRELEE, 45, ) AR 40 P B LA AR TR VR R AL S F
LRI SRS [7]. AL 4R, 2010, 30(2): 377-384.

Qiao Q, Xing F W, Chen H F, et al. Characteristics of community
and in situ conservation strategy of Bretschneidera sinensis in
Nankun Mountain, Guangdong Province[J]. Journal of Northwest
Plant Science, 2010, 30(2): 377-384.

KIZGTE, %, e, S5 Wi U L E R gE R R X A
SR RET AR SR RESS K 20 HT (0], A BEIR 53R B4, 2013,
22(3): 95-99.

Liu J L, Zhou Y Y, Pan J H, et al. Analyses on community
characteristics and population structure of Bretschneidera sinensis
in Zhejiang Jiulongshan National Natural Reserve[J]. Journal of
Plant Resources and Environment, 2013, 22(3): 95-99.

Wit RKHG, 128, 55 M UG 1) B ERA B 1K) 188 1 2 A1k
S A 45K [J]. RRE AT, 2023, 43(1): 51-58.

Yang L, Cao Q M, Feng Y, et al. Genetic diversity and genetic
structure of the rare and endangered plant Ferula fukanensis[J].
Bulletin of Botanical Research, 2023, 43(1): 51-58.

TeZRE, M, E2, 55 F T SNP FRICHI S0kt i% 2 HEE )
T ], B AR R4 (BARBHFAR), 2020, 44(4): 18-25.
Qiao D Y, Wang P, Wang S A, et al. Genetic diversity analysis of
Lagerstroemia germplasm resources based on SNP markers[J].
Journal of Nanjing Forestry University (Natural Science Edition),
2020, 44(4): 18-25.

WK, LR, WAL 2R S MR IR A B Tk
J& [J]. =L B, 1999(1): 31-37.

Zhang D Y, Jiang X H. Progress in studies of genetic diversity
and conservation biology of endangered plant

Biodiversity Science, 1999(1): 31-37.

species[J].

Li Y, Guan S, Yang S, et al. Genetic decline and inbreeding
depression in an extremely rare tree[J]. Conservation Genetics,
2012, 13(2): 343-347.

AR IRARHT, BOKAR, &5, T MaxEnt #5528 (¥ il 87 0 45 2%
B8 R 4 DX 8L P M A B 0E BME VP AN (0] MRl B R R R,
2023(2): 111-117.

YuZC,XuLL,Luo S G, et al. Assessment on habitat suitability

of Macaca thibetana in Xianxialing Provincial Nature Reserve


https://doi.org/10.1111/boj.12385
https://doi.org/10.1111/boj.12385
http://www.mobot.org/MOBOT/research/APweb/
https://doi.org/10.3969/j.issn.1007-7731.2021.08.031
https://doi.org/10.3969/j.issn.1007-7731.2021.08.031
https://doi.org/10.3969/j.issn.1007-7731.2021.08.031
https://doi.org/10.3969/j.issn.1007-5739.2019.04.066
https://doi.org/10.3969/j.issn.1007-5739.2019.04.066
https://doi.org/10.3969/j.issn.1007-5739.2019.04.066
https://doi.org/10.3969/j.issn.1007-5739.2019.04.066
https://doi.org/10.11913/PSJ.2095-0837.2020.20185
https://doi.org/10.11913/PSJ.2095-0837.2020.20185
https://www.gov.cn/zhengce/zhengceku/2021-09/09/content_5636409.htm
https://www.gov.cn/zhengce/zhengceku/2021-09/09/content_5636409.htm
https://www.gov.cn/zhengce/zhengceku/2021-09/09/content_5636409.htm
https://www.gov.cn/zhengce/zhengceku/2021-09/09/content_5636409.htm
https://www.gov.cn/zhengce/zhengceku/2021-09/09/content_5636409.htm
https://www.gov.cn/zhengce/zhengceku/2021-09/09/content_5636409.htm
https://www.gov.cn/zhengce/zhengceku/2021-09/09/content_5636409.htm
https://www.gov.cn/zhengce/zhengceku/2021-09/09/content_5636409.htm
https://doi.org/10.3969/j.issn.1000-3142.2011.06.015
https://doi.org/10.3969/j.issn.1000-3142.2011.06.015
https://doi.org/10.3969/j.issn.1674-7895.2013.03.15
https://doi.org/10.3969/j.issn.1674-7895.2013.03.15
https://doi.org/10.3969/j.issn.1674-7895.2013.03.15
https://doi.org/10.7525/j.issn.1673-5102.2023.01.006
https://doi.org/10.7525/j.issn.1673-5102.2023.01.006
https://doi.org/10.3321/j.issn:1005-0094.1999.01.006
https://doi.org/10.3321/j.issn:1005-0094.1999.01.006
https://doi.org/10.1007/s10592-011-0286-x

82 I m # A 46 5
using MaxEnt modeling[J]. Forest Resources Management, 7t [D]. db 5t bkl oK%, 2021.

2023(2): 111-117. Hou D. The spatial-temporal patterns of habitat use of sympatric

[16] Bre, HEME. = LAIRREBREAA SR (1], #iLmkolk, 2021(1): pheasants in Xianxialing region of Zhejiang Province [D].
36. Beijing: Beijing Forestry University, 2021.

Chen Z, Tian Z H. The rare Bretschneidera sinensis amidst the [30] 284k, B, Mk, & BRG0S0 E A X T
clouds of Xianxialing[J]. Zhejiang Forestry, 2021(1): 36. W (7], e AR K 2E 23], 2015, 36(4): 98—104.

[17] dhfpid, SCIRAE, A& . M RASFARMILILHI 7347 [J]. A5 Gong W, Xia Q, Chen H F, et al. Prediction of potential
254, 1952, 4(1): 18-49. distributions of Bretschneidera sinensis, an rare and endangered
QuZ X, WenZ W, Zhu K G. Analysis of the current status of the plant species in China[J]. Journal of South China Agricultural
forest in Linggu Temple, Nanjing[J]. Journal of Integrative Plant University, 2015, 36(4): 98—104.

Biology, 1952, 4(1): 18-49. [31] Lucht W, Prentice I C, Myneni R B, et al. Climatic control of the

(18] )~ fk, ARIEAR, SKIRG. HFIM X ER A2 I A A6 high-latitude vegetation greening trend and Pinatubo effect[J].
AR 1) AT, 1991, 11(3): 286-288. Science, 2002, 296: 1687-1689.

Cao G X, Lin Z D, Zhang L M. Life table of Picea purpurea and (32] Kb, WAe A 40 B Ak 1Lt 2R e DX o e 45 4 B 3t 4% 23 A (D).
Abies faxoniana in southern Gansu province[J]. Acta Ecologica & BRI 2021,
Sinica, 1991, 11(3): 286-288. Zhang H. Population structure and genetic analysis of the

(191 SR, BT, WA, 5. BHBE I GO f i L g endangered plant Juglans mandshurica Maxim. in Shandong
XHT 0. RLFAEAS 4R, 2000, 11(3): 333-336. Province [D]. Yantai: Ludong University, 2021.

Wu C Z, Hong W, Xie J S, et al. Life table analysis of Tsuga (33] J&BL4E. WA A 1 B2 KA HA% 2 BEVE J% 38t 4k 25 9T 9% (D). 76
longibracteata population[J]. Chinese Journal of Applied 2z PidLAEE, 2013,
Ecology, 2000, 11(3): 333-336. Zhou H J. Genetic diversity and population structure of natural

[20] Hett J M, Loucks O L. Age structure models of balsam fir and endangered fores tree Pinus bungeana in China[D]. Xi’an:
eastern hemlock[J]. Journal of Ecology, 1976, 64(3): 1209—1044. Northwest University, 2013.

[21] Bolger A M, Lohse M, Usadel B. Trimmomatic: a flexible [34] 1RRIKR, BeHa, FE5%, 25 111 SR RE 4% 22 BRI S 3845 25449 D).
trimmer for Illumina sequence data[J]. Bioinformatics, 2014, R REYE, 2013, 21(6): 723-731.

30(15): 2114-2120. Xu G B, Liang Y, Jiang Y, et al. Genetic diversity and population

[22] Liu H, Harris A J, Wang Z, et al. The genome of the paleogene structure of Bretschneidera sinensis, an endangered species[J].
relic tree Bretschneidera sinensis : insights into trade-offs in gene Biodiversity Science, 2013, 21(6): 723.
family evolution, demographic history, and adaptive SNPs[J]. [35] 24, 4 NIKE, 32T, 45, TS (L H{E SR TR SR AR TN A T
DNA Research, 2022, 29(1): 1. TP 2 BEVE LU (D). ARLERFE, 2012, 48(12): 45-52.

[23] Li H, Durbin R. Fast and accurate long-read alignment with Liang Y, Xu G B, Zhang H P, et al. Genetic diversity of natural
Burrows-Wheeler - transform{J]. - Bioinformatics, 2010, 26(5): and planted populations of Bretschneidera sinensis from Nanling
589595, region[J]. Scientia Silvac Sinicae, 2012, 48(12): 45-52.

[24] van der Auwera G A, O’Connor B D. Genomics in the cloud: [36] Wang M, Duan L, Qiao Q, et al. Phylogeography and
using Docker, GATK, and WDL in Terra[M]. Sebastopol: conservation genetics of the rare and relict Bretschneidera
O’Reilly Media, 2020. sinensis (Akaniaceae)[J]. PLoS One, 2018, 13(1): ¢189034.

[25] Danecek P, Auton A, Abecasis G, et al. The variant call format [37] E#, Wi, BErik, 2. S5 KL X B 5 W Mo 1% H R 2R
and VCFtools[J]. Bioinformatics, 2011, 27(15): 2156—2158. W) A R, 2013, 21(2): 163-177.

[26] Tajima F. Statistical method for testing the neutral mutation Wang L, Shi S, Liao W B, et al. Rare and endangered plants in
hypothesis by DNA polymorphism[J]. Genetics, 1989, 123(3): Mount Jinggangshan region[J]. Biodiversity Science, 2013, 21(2):
3857595 163-169.

[27] ak¥b, Fes, T3RGR, . BFMWEE YA S R gtk ] [38] WEEE, 25 UM, 49 TAE 20T 90 55 30 S REVE B4 [0]. 29

FEEEMALEHE, 2016, 43(4): 224-229. ZREPE, 2001, 9(3): 284293,
Zhang S, Qiao Q, Wang M N, et al. Research progress in Yang Y H, Li Y M. Molecular ecology and animal biodiversity
Bretschneidera sinensis, a rare and endangered plant in China[J]. conservation[J]. Biodiversity Science, 2001, 9(3): 284—293.
Fujian Forestry Science and Technology, 2016, 43(4): 224-229. [39] Shang C, Li E Z, Yu Z C, et al. Chloroplast genomic resources

(28] RIFAL, &6, B, 55 VT ILALER IS A 90 B AR R X B R Z 0

[29]

PEIAE [J]. WA R, 2023, 43(1): 53-60.

Yu Z C, Jin W, Chen Z, et al. Investigation on mammals in
Jiangshan Xianxialing Provincial Nature Reserve[J]. Journal of
Zhejiang Forestry Science and Technology, 2023, 43(1): 53—60.
ST WAl 5 0 3t X ) 35 3 A7 S S ARG 2 3t ) P I 25 4 =

and genetic divergence of endangered species Bretschneidera
sinensis (Bretschneideraceae)[J]. Frontiers

Evolution, 2022, 10: 873100.

in Ecology and

(FTiEhsE ReE
TERE EER)


https://doi.org/10.3321/j.issn:1001-9332.2000.03.003
https://doi.org/10.3321/j.issn:1001-9332.2000.03.003
https://doi.org/10.3321/j.issn:1001-9332.2000.03.003
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1093/bioinformatics/btp698
https://doi.org/10.1093/bioinformatics/btr330
https://doi.org/10.1093/genetics/123.3.585
https://doi.org/10.3969/j.issn.1001-3776.2023.01.008
https://doi.org/10.3969/j.issn.1001-3776.2023.01.008
https://doi.org/10.3969/j.issn.1001-3776.2023.01.008
https://doi.org/10.7671/j.issn.1001-411X.2015.04.018
https://doi.org/10.7671/j.issn.1001-411X.2015.04.018
https://doi.org/10.7671/j.issn.1001-411X.2015.04.018
https://doi.org/10.1126/science.1071828
https://doi.org/10.11707/j.1001-7488.20121207
https://doi.org/10.11707/j.1001-7488.20121207
https://doi.org/10.3321/j.issn:1005-0094.2001.03.013
https://doi.org/10.3321/j.issn:1005-0094.2001.03.013
https://doi.org/10.3321/j.issn:1005-0094.2001.03.013
https://doi.org/10.3389/fevo.2022.873100
https://doi.org/10.3389/fevo.2022.873100



