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Genetic Diversity Analysis of Annamocarya sinensis, a Wild Plant with
Extremely Small Populations in Guangxi

DENG Lili, ZOU Rong, YANG Yishan, JIANG Yunsheng, WEI Xiao, SHI Yancai®

(Guangxi Institute of Botany, Guangxi Zhuang Autonomous Region and Chinese Academy of Sciences, Guilin 541006, Guangxi, China)

Abstract: Annamocarya sinensis is a national Class II key protected wild plant with extremely small populations.
To elucidate the genetic diversity and variation of wild 4. sinensis population in Guangxi can provide guidance for
the development of genetic diversity conservation and management strategies. The genetic diversity and genetic
variation of 4 wild populations (47 individuals) in Guangxi were analyzed by using 6 pairs of SSR primers with
good stability and polymorphism. The results showed that the average number of observed alleles was 2.125, the
average number of effective alleles was 1.581, the average Shannon information index was 0.477, the average
observed heterozygosity was 0.310, the average expected heterozygosity was 0.286, and the average allele
richness was 1.677. The level of genetic diversity of A. sinensis in Guangxi was low. There was a moderate
genetic differentiation among populations (0.120), accounting for 20% among populations and 80% within
population. Structure and UPGMA analysis showed that the 47 samples could be divided into three categories,
which were mixed with each other and had rich genetic background. The genetic diversity of Yongfu County
population in Guilin City was the highest (He=0.339, /=0.598), which should be regarded as the key conservation

unit.
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W 1%k (Annamocarya sinensis) & HHkEH(Juglan-
daceae) A% Bk J I SR AR, DR SR S i) Tt
BRIk R4, &5 = #ar £ syt
AZBE A CHE K E R R B AR (2021 FR))
B K R, W ChEEYLA L)
HH ) s S5 A ST o A B MR IR B SR e 3 AL
AR R AN, A SR Ah SRR 2 m] S A
T RSCRERIEE TR s AT SRR, AN
AR T T HARMSEIEW, JaiEss
i, AT HE R B EURST . B PR AE 4t 5
IAE E AR A0 P B m R =R
(89 JUA D430 P Rl T 3 A 90 A, 3 410 90 A 78 LA
ez HHEMRECEM D, J& —Fhs 8 19 e
PRI, 6k F AT W FE AR S 2 B A e A 3k AT 1)
BAES .

BN e PR PO 20 ) SN 1 S N
BRI, Bg it BRIV b6 %
PEMSIE DI AT T 9L, (R Fitfe 2
[, Manos ZEUShl It 73 FAESEIRHAT T 0 F R
GURE i T SEUTOR 2 A8 TR WL R A kR
23S T A TE R P I SRR IE R 2, R R —
A PP BT T G A% Bk - & Ak 25 [R] 40 58 48 1 471
SR A SIS B A% B ISSR-PCR [ v 2 AF 27 5
oAk, X LEHIF TS NG AL BRI 154 22 FE IR 7T B 58
T ISR . Zhang ZEBIXTERAZ AR HEAT T L 2 A
PERIFRRESE M 704, AR FO A PR T340 T 5 M
HEWE . =WAE T 2RI B G
A, T PEE GBI EE A —, X
W IGAZ R R4 2 PRI R R WL RIE, BT 5%
A S EE RN, BRI, HERME
by Y578 3] 7 EE () NORBBOR, BT P AL kAR B U
Il K 251591, Spielman Z5WA g, KZHMA VIR
PHEFEREVL AT S EBOM B K4 2 A B & 3z 3
BAE R RN, 0T EEMeRY, FE rsif
B A EF I E R 5. I, TR PEk
WMkEAE 2 B S R R T B B R
AR SSR (simple sequence repeat) bR it X A%
BeBEAT AR ZREERTTT, AT BOE L, D) PE
HREAE TR OR A AT s OR3P S i, AN N 5
LEGRZMR BTN, RAMIER . M EEAEIES]
Tl & T A B3 g W Sk Al

1 MR

1.1 %

2022 XS T P HLIX P 4 AN R A A Rl R AT
KFE, KAEERBILE 1, 4 DRI RERE S 47 45
KA FE i B 358 4% 58 BE TG 8 T I RN 2 4R
W, SLEP A S I R E AR AR, R
BT TIRAATE, O FEM RS, FF0 R a5 3t
1T GPS JENL o AHPIAE i 1) PRI VA X L2
B ) VE AR T 6 1 WA O 4 T A% Ak (Anna-

mocarya Sinensis) .

1 GREBARIRAEE S

Table 1 Sampling information of Annamocarya sinensis populations

Tl RFE R ZfE (B) HE N HE

Population Sampling site Longitude Latitude Number

X kREWEFHHE 110°05' 24°04' 12
Jinxiu County, Laibin City

DL Aty 4 2% B 107°21" 24°22' 9
Donglan County, Hechi City

LC b #' 9L Luocheng
County, Hechi City

YF MK E Yongfu 110°01"  24°49’ 10
County, Guilin City

108°34" 24°54' 16

1.2 i
1.2.1 DNA $& BRI

18 T4 BL PR CTAB WEROS A Bk 13647 DNA
RN, $REUH DNA 5 1%E: HE A Ak i B vk R ) 4
J, f#H Nanodrop 2000 & 4366 B AR Fir
HYU /) DNA WREFRE, 0545 DNA FE & T
=20 CUKFEHIRLE, H T G55,
1.2.2 5| itiidk

BENLERIE 1 A% BRAE g AT 7 A2 DR 4 e,
EH T fRT A R DR 200 20 A 79 210 SSR Az s/, iy
PLZBR T R R R U 5 0K BEAS & 20 bp AL 85
S04 18 P BB NT 110 bp AL, FFEER TR
PR — BEE B, BEMLIESE 1 AMLSER S
Gk (& B, JLETE T 96 XTI % Ak
ffiid . 51T B BCR F 9 8 O vk R Bk B )
% T SIERIER 1 ok g1, BokkRid
N FAM. 3EEL 8 IMEEANT 96 Xif 51 Mt AT £ A 16
IE, ZHiERE 9 X514, FREE 8 AMEAXT 9 Xt
ST E IR 6 MY iE. 2SR TM
SSR 51 W 2)H T 47 43 # i 1R 8A% 22 RE VARSI o
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5P A TAY) TRE(EE) B A TR A = A5 A Bk
A
1.2.3 PCR ¥4 J il 57

7E Veriti 384 PCR {X_L3#47 PCR ¥ # Jx b, Jx
A % 9(10 4L): DNA (20 ng/uL) 1.0 4L, 2xTag PCR
Master Mix 5.0 uL, ddHO 3.0 uL, . TFiF514%
(10 umol/L)# 0.5 uL. PCR 4 #4 Je ML F H: 95 °C
TiAEME 5 min; SRJ5 95 ‘CAEME: 30s, 62 C~52 CHE
FEIBK 30 s, 72 CHEAH 30 s, 21T 10 MG,

MEARTFE L C; 95 T 30s, 52 ‘CiBK 30,
72 CHEMH 30's, IB1T 25 MEH; Befa 72 “CoAR 4t
#1220 min, 4 ‘CHRAF. 2t PCR ¥ IE5E G, L2 ul
PCR F=WEAT 1%58 Ta B8 8 e Ha vk ki, 654 Ji5 4%
HEREA BRI B 23R, 6 %24 PCR F=4idt 4T
Fike, 132K — 2% PCR 7=, B )% PCR
729 1.0 uL, GeneScan™ 500 LIZ 0.5 uL, Hi-Di™
Formamide 8.5 uL KiFE R ANRAINE LA, S8
ABI 3730x1 AR T BN FEIRASI .

F2SSR 5
Table 2 SSR primer information
(¥ HE T LiEEIH (5'~3) TSI (5~3") HIA B (bp)
Locus Repeat unit Upstream primer Downstream primer Destination fragment
HHTO010 (TA)s CATGTTTCAATTCTGGCTGC CGTTTCCAATCCCGGTTAAT 112
HHTO033 (AT)s GAGGATCGGCACTGAGATTC TTGCTTTTCTTGCATTTTGG 133
HHTO039 (CCA) TATTACCCACCACCACCACC AGTGGCCAAGCAGAACATTT 125
HHTO054 (CT)y GCCCACTGTTCAACCAGAAT GGCAGGCAGAAACCATACTC 119
HHTO058 (TC); GCCAATCTCCTCTCGTTCAG AGTGAGTGCGTAGTGTGCGT 181
HHTO078 (TC); GGCGCTACCTTCCTTCTCAT CAAATACGTTCCTGAATGCG 121
13 BB SRR EERS (67 UPGMA Jr it 7

i GeneMarker 73 AT 1A AT B PR A £ 4 1)
BEHL, FFFH Excel JE A R 4R %4E A1 PDF 7 8104
BISCHF. {3 GenAlEx version 6.501 %(fF 115 SSR
A7 R RIFRFE B4 Z FEVETR AR, LTI A 2 K]
#(number of observed alleles, Na). 5 557 3 K%L
(number of effective alleles, Ne). Ml 4% 4 & (observed
heterozygosity, Ho) A2 %5 & (expected heterozy-
gosity, He)~ Shannon 15 /545 % (Shannon’s informa-
tion index, 7). [#]5E 5% (fixation index, F). FEXIIR
(gene flow, N,,)FlisifE 51k 2% (genetic differentiation
coefficient, Fi)55 . /¥ F Convert 1.3.1 AT H R F54t,
i/ ADZE 1.0 THE MRS AL R 3= & FE (allelic
richness, Ag)FIFAA 5507 FE K =5 FE (private allelic
richness, P4). 1 Ff} Powermarker v3.25 T+ T A 51
% &M% B8 2 (polymorphism information content,
PIC). 1§} STRUCTURE 2.3.4 %} 47 3 k¢ Sh 47
LRI HT, BE K=1~4, Burn-in 14 10 000,
MCMC (MarkovChain Monte Carlo)i% >4 100 000,
A K HIZAT 20 Kk, IBATHIZRE T STRUCTURE
HARVESTER 57t e £ AK B (R 9 FERE A 7> 15
Hl). MREH A K EEE, £/ CLUMMP Al DIST-
RUCT {44l &l . {81 ] GenAlEx version 6.501 3474
T I ZEDHT(AMOVA). f# ] Powermarker %115

GRHT, ST K E R R
2 HRAG

2.1 SSR S| BN

XTI H IR 6 X 51 kAT 2 i (GR 3), H
1, Na 3L 194, &K 2A, R e, 1P
FAMIAN 3.167 Ao Ne Fe KN 2.612, A
BN 1.656. 1194 0.616. Ho ¥ 0.106 (HHT033)~
0.574 (HHTO054), “F#°4 0.303. He H:/NAN 0.137
(HHTO033), # K~ 0.617 (HHT039), T 0.345.
PIC £:K°4 0.536 (HHTO039), £/ 4 0.128 (HHT033),
F35175 0.306. 6 XI5 ¥ FN-0.153 (HHT054)~
0.333 (HHTO058), “F-#4°4 0.112. 6 X} 51414 HHT054
A1 HHTO78 f77E i & % 7 (P<0.001). 47 & HHT039
(1) 2 PR R (He=0.617, 1=1.014).
2.2 BB AR Z M T
2.2.1 BEARIAN R4S ZRE 1 0 A

XT 4 NIZIRET A TR AR i (R 4),
4 NEFERDVEER) Na N 1.667~2.667, Tt IX /K, YF
i, PR 2.125. Ne smfefiE DL, &Ik
& LC, P 1.581. I°F¥H 0477, H&EH2FEE
YF, &f&iE IX. Ho S AMEE YF, AN LC, “F
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¥ 0310 F8F IX 1] He 54K, YF fr, 344 0.286.
Ar B AEMHEE YF, X A&, P34 1.677. Pifer
HIEFIEE DL, RS2 IX, F38 0.194. 4 FhEE

# 3 SSR 5| &M

Table 3 Polymorphisms of SSR primers

(1) F35/8T 0, BB 4 DRI SRS Rl . 276
E 4 MGAZARET AEFEEF, YF s 2K A
Bi(He=0.339, 1=0.598), JX Hf(He=0.247, [£0.379).

{7 25 Locus Na Ne I Ho He PIC F
HHTO010 2 1.184 0.291 0.170 0.156 0.143 —0.094
HHTO033 2 1.159 0.264 0.106 0.137 0.128 0.224
HHTO039 3 2.612 1.014 0.457 0.617 0.536 0.260
HHTO054 6 1.993 0.982 0.574 0.498 0.450 —0.153"
HHTO058 3 1.540 0.575 0.234 0.351 0.296 0.333
HHTO78 3 1.446 0.572 0.277 0.308 0.280 —0.103"
P35 Mean 3.167 1.656 0.616 0.303 0.345 0.306 0.112
FRifEZ St Dev 1.472 0.558 0.324 0.178 0.189 0.149

Na: WLNGFAFEFEG Ne: AREECLIEF S I Shannon (58465 Ho: MINAGE; He: WIBAGIE; PIC: 235G RIEEG F: BIEIEE; *+: P<

0.001, K[

Na: Number of observed alleles; Ne: Number of effective alleles; /: Shannon’s information index; Ho: Observed heterozygosity; He: Expected heterozygosity;

PIC: Polymorphism information content; F: Fixation index; ***: P<0.001. The same below

R 4 AT IR 8] 8 2 R

Table 4 Genetic diversity among Annamocarya sinensis populations

Fh##: Population Na Ne 1 He Ar P, F
DL 2.167 1.777 0.514 0.315 0.305 1.747 0.294 -0.016
JX 1.667 1.531 0.379 0.278 0.247 1.524 0.093 -0.120
LC 2.000 1.424 0.416 0.263 0.253 1.576 0.155 -0.054
YF 2.667 1.593 0.598 0.383 0.339 1.863 0.232 -0.136
Mean 2.125 1.581 0.477 0.310 0.286 1.677 0.194 —0.084

Ap: BOREFEERL, Py RASMERFEEL.

Ag: Allelic richness; P,: Private allelic richness.

2.2.2 BEARRISAE AL T
4 NRBERI T ENTEEREH, FEEE
BEAR S5 20%, FHEEN EHEAS T 1 80%. X

RS MGAZBRAE R 1R ¥ B DRI (b = A1) RSS20 RELCR =)
Table 5 Gene flow between populations (upper triangle) and coefficient of

genetic differentiation (lower triangle) of Annamocarya sinensis

T IA) R EE% 23 A BN BR R AT 70 BT GR 5), &5 Fithf Population DL X LC YF
B, LC 1 DL FiEf ] 1845 70 R ¥R 0.202, 2 ?; - 1.384 ?:ZZ j:?j
ANFER AR R T B KT, AR A (1) 8 4% Lo 0202 01 ' 4084
RN 0.058~0.137, B E K. 44 YF 0.091 0.097 0.058

FORENE] A FE KRN 0.986~4.084, FHb LC A1 DL #h
T E] B R A /N, N 0.986, b LR A8 K
-, 1T FHAR AR ] R RN 1.580~4.084, ¥1A &
FEFERAZ KT, Hdr YF AT DL R ) i) 3 R 37
K (2.489),
2.2.3 WRAZBRHFAAR B AL S50 70 bt

XF 47 A RE S HEAT Structure BALZERI T, AR
PERURAE S KR, 24 K=3 I, AK fe k(B 1). M

Bl 2 AT, 4 AP 47 r RS ARG T 3 NIRRT,
BAATEERT & LI R, FEARERR R EA R
AR R, BETRER.
2.2.4 UPGMA R0

X 4 NFPREHET UPGMA 2047, B 3 ]
W, YF MILC S5 R, X 2 MR s AL R
B, HkS IX MK, &JEMHERE DL, {HZ5
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GRE, 4 DFIEER AL IR BRI o
X 47 AT UPGMA K0T, il 4 nT i, N
47 R FESTCVEFER RS B 7, (R RET 4N 3 2K, 28 <02
1 REET 76y IXEERS 4y DL FESAT 2 43 YF s o
H2 K0T T 94 LC FEdh; 553 RUE T 840 YF A . , ‘ ‘ . ‘
fi 76 LC REfL 565 IX BEGHAT 4 4 DL Ffh. 7T : 2o’ ! ’
4 ANPPRER) 47 A FE o RN AH FR AR, X T 1 B CK) S HEWT I (AK) 25 (e 38
4 NP EERAGIE ST, FEEAR IR BN, Fig. 1 Trend of the rational groups number (K) and estimated value (4K)

m AL Cluster 1 m SFAHE2 Cluster 2 m P43 Cluster 3

1.0

NN R RS NN N BN NN N A NI SN RN
&9\’ &9\) &,OV &,OV &,0\’ &,0\’ &,0\' &,O\’ &,O\’ &Si" &Si" &5*” &Si" &Si" $¢ &S*' &Si" &,\* Q,s@' &Si" &Si" &,\9 &,\»G &,\»O
I R R R
1.0
0.8
0.6
0.4

02

N

Q
N
<

S S SE DS NP R PP S IE IS S S S
R R R R R L L R L O R O Ol O R O Y
S I ITETITITIETSES
FEAS Sample
B 2 Mz kY Structure 73 AT 45 H(K=3)
Fig. 2 Structure analysis results of Annamocarya sinensis (K=3)
Lo
DL
X
—] | ¥r
| LC
3 BBk 4 AT UPGMA B3
Fig. 3 UPGMA cluster of 4 populations of Annamocarya sinensis
3 SHARILE L FI SSR 4 FARIE A R RE s S REREERT 40T,
g KB, Shannon 15 EFR%CN 0.477, HHEBEIEGE
3.1 BEBkB e 4 0.286, (KT HABW G Fl(He=0.42)24; LL[RIR}

SSRbRICEMEAL Z RN T TN HEN KWWY AN, mandshurica)f] Shannon
JiZ, A SSR 43 FhRic 5 ik A% B st 2 2 AR 5 TE £0(0.748 8)RIHAE 24 A F%(0.363 3)1 UK. K
BTN, et R Gk Z AR R, 8 T Zhang XM THONE =W E . aMAE TR
W AZ AR ) BEIR DR AP AL B IR S 2L, KW FIRRSE 3 5 10 70 A% Bk RE  (He=0.582) . A I
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Fig. 4 UPGMA cluster of 47 samples of Annamocarya sinensis

AW T W R B A A 38 A% 2 AR RO BRR, X
BRI RN PE A% AR AR, HLBUAE B A%
PR PR 52 2™ H A AR, AN BRARAT R R
] RE 2 T BUGAZ AR Bofl, 2T S BRI
ARECER D, AR AR A A 2 AR
R ARAR LT,
3.2 BRkE LA AR L 24

A% MR bR TR] () 388 4% 70 4 SR 80N 0.120, G5 3
T A, BRI 2,173, BRI 384 1k
PERER R, HAFAE — BRI AT L . B AT E(LC)
578 2R (DL) (1 38 A% 20 AE 8 v B 3 e 2K 1 (Flo=
0.202), 3X 2 NREEE 3 B A2 H RE KT (Vo=
0.986). 5K BRI NGAZ I S, regia) TETZS
ERDUEARGINE, QA WEREFIPRSRIE . WERE
SEAGE, HENHL SRR A XA K MILR,
HHARAHET RGN TIHOE . Gk AL
MRIE QAP AE SR 22 J LRI 7 A1, LB 25 P RE 2

M) L T 5 (R 52 3 AT 5| AR R B st A% o4k, R
) B R S A B R R (R], P IR (LC) S AR
2 FEE(DL)(FE 2 136.56 km). 55 HFRE(IX) 5 &
2 FPEE(DL)(FEESZ) 279.18 km).

AL AR ELEARME . AR 22 R I A%k
N A GBI R RS, (RAE T B A%
RIVTATRE AR AL T, B A7 1 i R RARAIK,
ik BRI SR8, RGeS B
LRIBIG, HIEMFIIRRK. Fit, Bk
AIRER T REN, HESEERAME, Pk
fiX, BRI EE 7 REAR N B AR EEAR I A, TR
2 RS FPHE ] (1) 384 7 KT

Gy F 5 ZE 53 W 2 BRPRE R) AR 8 4% A8 57 o 20%,
AN N BB AR 5 5 80%, B4 AR S 32 BRI T Fl
HEN o 5K BRI FL R B 87% Mt R ok B T
FHEEN, 13%MZE 5k B TRHEI XA R HL X 5%
Rk T 4s R — 50 U6 A% kA 1) = Lg%
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BSHAFLETPEEN, B AZEEA T Rt AL 2 FEPE R
P B A R RN O T B A R A AR AT OR AP,
HRAT R VAR LB, 12905 2 R
o ibpudid .

UPGMA F Structure 143 #7145 33 EH 4 Mk
e R RE R RE S T R A B RS B ) 20, (RS
AI53 00 3 2K, % 2 S AR I A% AR AE A ELTR A,
B ST, MERRAHE, AR
PEIILAT R 25 T e R S YR AR SE AR AR ), (HLE T3 52
B R R AE T ARSI B, AT I T BT )
2 HOME, X TT RS S EUGAZ A 1K S B
BEARE JIBEAG, S8 INTE AT PR 5T Hh DRl AL 25 1 K
Yty AT, R TE AT AL B Fh B R B S
SEARPUINK S AR AR AT AR 1 R B AT,
HOIRETHEAT O, DLBE o B AZ Bk JE V38 B AR 4K ) 3R
BRI K 48
3.3 BAZBR LRI SR G

WAL 2 K PR RE AR I B AT 77 DL BGE B FR
BEARAGIIRE ST, VIR BEAL 2 RE K, 3E R
BRI RE Slkg, e 2 BRE5ES, BT
B AL Z AR R AR, X PRBE IR 3E B g SR,
B U R 5 5 s iz kst Z REER 0k, &
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