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Abstract; The genomic DNA of 231 samples from eight natural populations of Acer davidii Franch. in
Beijing, Henan, Shaanxi, Guangdong, and Zhejiang were amplified with 28 pairs of EST-SSR primers,
and the genetic diversity and genetic structure of the test populations were analyzed on the basis. The
results show that the numbers of observed alleles and effective alleles of eight natural populations are
relatively close, and their means are 3.2 and 1.6, respectively; the means of Shannon’s diversity index,
observed heterozygosity, expected heterozygosity, Nei’s gene diversity index, and polymorphism
information content are 0.512 7, 0.237 9, 0.276 9, 0.271 9, and 0.243 6, respectively. Overall, among
eight natural populations, the genetic diversity of Nanling National Forest Park of Guangdong ( P7)
population is the highest, while that of Songshan Mountain Geopark of Henan (P5) population is the
lowest, and the observed heterozygosity of eight natural populations are smaller than their expected
heterozygosity. The genetic differentiation coefficient among eight natural populations is 0.334 5, the gene

i B HE: 2021-10-09

BEE£WMAB . bW FEZ /SRR 3 H (KM202010020005)

EHEN: B 2(1995—) , & At A B AF5E AR, 328 N FARA R %E IR 0 fAIFSE .
Tfﬁfﬁ‘ﬂ?% E-mail ; lily_candy@ 126.com

SIAEX: B 2, KW, A5, 5§ 5T EST-SSR FRC R T R KRF IR L SRS ()] R R ISP 2440, 2022, 31(2) : 57-63.



58

N7/ I A SRS TR N

flow is 0.508 8, and the contribution rates of genetic variation within and among populations are 66.55%
and 33.45% , respectively. Among the test populations, the genetic similarity coefficients of P7 population
and West Tianmu Mountain Forest Park of Zhejiang (P8) population with the other six populations are
relatively small, but the genetic distances are relatively large. The Mantel test result shows that there is an
extremely significantly positive correlation between genetic distance and geographical distance among A.
davidii populations (R*=0.568 6, P=0.002). The UPGMA cluster analysis and STRUCTURE analysis
results both show that the test eight populations of A. davidii are divided into two clusters, in which, P7
population and P8 population are one cluster, and the other six populations are the other cluster. It is
suggested that the genetic diversity level of natural populations of A. davidii is relatively high, its genetic
differentiation mainly exists within populations, and there is less gene exchange among populations. There
are some selfing or inbreeding phenomenon in the test populations, and the populations are easy to
decline, therefore protection of natural populations of A. davidii should be strengthened.

Key words: Acer davidii Franch. ; EST-SSR marker; genetic diversity; genetic structure ; cluster analysis
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YHE A FHAE > SR, R T 75 BEBRAT /e Rk
SR ) N A BRI 15 SR PRI S5 () R, He 35t i 224
PR IR B RfEHL, HAT, 5T H MR AR RS L 2
BEPE AT FEARIEEE D X He 45 I FH 5 M- 4
FEPRIZTT A2t 20 XF SSR 514, FFXFBRPE 7 A>75 FE ik
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Table 1 Geographical distribution and sample number of eight natural populations of Acer davidii Franch.

WA g W WHR/m o R s
No.  Population Longitude  Latitude Altitude Climatic zone type number
Pl JEEE M ASRAEIX Baiyanggou Natural Scenic Area of E116°01" N40°12'  680-850 3 Temperate zone 32

Beijing
P2 dbi{ =75 777K Sancha Wanjian of Beijing E116°23" N40°28’  610-840 4}y Temperate zone 26
P3  dbE{ K4S Tianchi Canyon of Beijing E116°23" N40°54"  500-640 47 Temperate zone 32
P4 JbEUEHISER Huangbaisi Village of Beijing E115°59" N40°32'  910-980 i Temperate zone 22
P5 ARG &1L 2 FE Songshan Mountain Geopark of Henan E112°56" N34°35" 1310-1460 BEi#HF Warm temperate zone 24
P6  BRPER LA LT 18 Nanwutai Geopark of Shaanxi £108°59" N33°59" 1300-1410 BEHF Warm temperate zone 32
P7  JAMIAEFKERM/A I Nanling National Forest Park of E112°30" N24°37"  670-1 140 T Subtropical zone 32
Guangdong
P8 WIVLVE K H1LZRM AP West Tianmu Mountain Forest Park of ~ E119°25’  N30°20’ 370-1 020 AT Subtropical zone 31
Zhejiang
F2 FATEEW S AN RATBHRERESA DNA § 18R EKSI 9 FF]
Table 2 Primer sequence used for amplification of genomic DNA of samples from eight natural populations of Acer davidii Franch.
G SI¥)F51(5'—3')  Primer sequence (5'—3") GRS T A B B /bp EMEE/"C
No. - - - Repeat Expected fragment Annealing
Em 514 Forward primer [ 181514 Reverse primer motif length temperature

ADOl  ACAGCCCTACACCAATCT ATCTACTACGACGAGTTACAG (AT), 481 51
ADO2  TTGGCATTCAATCTTCACA TAGGGCAACTCATACGGT (TA), 274 51
AD0O3  CACCACCCTCCACATTAC AAGCCCATACTCGTCATT (CT), 430 52
AD0O4  AATCTGCACCTCAACCTG GAGACTGGAACTGCGACTG (AG)4 332 57
ADO5  TCCTACTTAGTGCCCTCC CATGTGCTATTGCGATGA (AG)y 301 56
ADO6  TCCTACTTAGTGCCCTCC CATGTGCTATTGCGATGA (AG)y 301 56
ADO7  AGCCAATGCCAGCGATAA CCACTGTTTACTCTAGCCCACA (GA), 372 55
ADO8  CAAGACTGCTGGAGACAA AACCCACTACCCACATACA (AG)y 256 56
AD09  CATTCCACTTCCGTCCTT TCTTCAGATTCTATGCCTTTC (TC), 477 51
ADIO  GACCGTCCGTTTCTGTAT ACTTCAAGGCACTTTCCA (AC)4 316 49
ADI1  CGAGGGATAACGGCAACT GTGGATAAACCATCGCAAGA (AG), 290 53
ADI2  ATCCAGACTTGAAGAGGC TCATGTAAGCAGCAGAGC (CTT) 479 51
ADI3  ATAACAACAATGGCGAAG ACAGCGAGTGAGTCAGGT (TCT) 5 385 51
ADI4  CAACAAGACAGAGCGATT CACCACTTTCACCGACTA (TTG) s 334 49
ADI5  GCAGGTCTTGTGGAGGGA GAATGTGACGATTCGGGTAC (GCA) 5 334 57
AD16  AAGGAGGAAGTATTGATGGTGAGG — TTTTCTCGGGTGGATGGG (GTC) 450 56
AD17  GACTCGCTCCACCTGAAT GCCCTGATGATGTCCAAT (TTA) 5 381 52
ADI8  TCGCCGTCACCAATCCTC ATCGGTCCCGTTAGTTCC (GTG) 5 345 54
ADI9  GGCGGTGAGGGAGAAGAT TCGGTGACGAAGACGAGC (GCA) 5 299 60
AD20  GGATGGTATGGACGGGTG TATGCTCTTTGTAGGGTGTT (AAT) 338 54
AD21  CTTGGTCTTCGTCGGATT TTTTGCGGATAAGGAACT (CTT)4 323 49
AD22  ACCCGCCCACTGTTGTCTC TCGCTTGCCATCATTTCG (GCG) 4 406 54
AD23  GTGGGCTCATAGTTCTCG ATGGATTGTACGGTCAAG (CCA), 259 51
AD24  CACCGACCATTCATAGCG CGGAGGATACATCACAGC (GTT) 203 57
AD25  GCCGCAATCGGTAAATCG TCATCATCAGTATCGCCAGGAA (TCC) 383 53
AD26  ACCTGACCTCCGCATAGA GGACGAGAAGCCACAATC (TAG) 403 55
AD27  CCACCTCCCCACCTCTGT CGGCCTCTTATCCGTTGC (TTTC) 5 260 56
AD28  TCTTCTCACGGAGTAGGG CGGCTGTCTTCAGTTTGC (CAGT) 396 54
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A 4586 52 8 Y48 S1000 PCR A ( €[ ABI A #])
SEI, A 2R AT 10.00 pL, 354 DNA K
fir 1.00 L 2XTaq Master Mix for PAGE (b 5t 5 A
LEYRHEABRA ) 5.00 L, 10 wmol - L™" IE [ Al
RIE5I44% 0.25 pL.ddH,0 3.50 pL, § B F N
94 °C FilZE M 5 min; 94 CAS M 30 s AHNIE KIRE T
Bk 30 5,72 CHEff 45 s, 3t 32 DMEH &5, 72 C
FEAH 10 min,

el FF o 2 A R0 B8 1% Bt G W 5 T P ks ) 4
A W el B S ey e 7/ it | A g L P R
PIEAA BN R BEA T B 4048 R DRI 3B, A DA A
i ABI3730 FEPIMN AL (S E ABLAF]) .
1.3 HEE

F FH Genemarker Version 2.2.0 #4332 B SSR 7%
ARIC I BRI/, Gt AR AS (0 S R 7Y 45 b b
231 MEEAS 1 B R EHE 5 . Al POPGENE 32 4%
A S 457 35 DR S | A A8 A Ao PR B U 2 5
FE BIEEAR A Shannon’ s ZFEPEFE AL Nei” s 3 [H
PR BRI 5 oAk R A AL R B A A
AL ZR %, FIH GenAlEx 6.5 #KAF#E4T Mantel K55,
A3 M AR ] i AL B B B A A DG | R T4
TI7 250 (AMOVA ) | THEFPHE P S FhRE (] i) 15t 1%
s S 5THkE . A Cervus Version v3.0.7 #A4itE £
SHFEE &R, ETEMEER FH NTSYS-pe2.1
BRAF NI R RE HEAT UPGMA B2 Fr M d,
FI STRUCTURE 2.3.4 A4 XA A 25 17 43 28 st

TR AT, o | AR 2540 0 A R TR 5 B AL 5 45
PEHEPI R, BAR S BN . 04l K 8 1~8,
BA K EE 25 20 W8 SRR BES R R %
(MCMC) Al burn—in ¥Ji% 4 100 000, B1745 5 ¥
LEIR RS (zip SCHF) IF A% 3] Structure Harvester
(http: // taylor0Q. biology. ucla. edu/structureHarvester/ )
b R AK AR A L K AH

2 SRR

2.1 BEERATMBNEESHEESHT

T 28 X EST-SSR 5| ¥ X5 MMk 8 4> K AR Ff
HEJEIRIZH DNA By B 25 58 b7 MR SR AR 1
W BT A R SR 3,

2 3 A 0L, ) AR B U4 [ AR MR [ (PT) FlRE
FHRVLVE R H L ARARA ) (P8) B Ay 8 I 45 37 B 1A
R 4, HoAy 6 AFREE AU 2507 3 R Es o 3, ik
T e XL 56 7 5 PR B ) B3R 3.2 P7 R E A 8K
AR B2, R 1.8 JL Rt IS A (P4) FhEE Y
B RN FER B 2, J 1.7 b 5T Kl 45 (P3) F
HEFN P8 FAE (A RS L B D (R 1.5 Hik
4 ASFRRE AT RSSO S5 B 0 1065 (IR A 4L
S AR B BIE AR 1.6,

M 3 38 0T UL, P4 BhRE 0 00 I 24 A B B IR
(0.197 6) ,P7 Fff oy LI 2% 5 B Fe /57 (0.298 9) , it
RPN 2% 5 B2 B F(E A 0.237 9; P8RRI EE

&3 ETEST-SSRE|MYBERSHEN 8 M RAMBHEESHESN

Table 3 Analysis on genetic diversity of eight natural populations of Acer davidii Franch. based on amplification results of EST-SSR primers

o WWGAERE AEGGERE WG g hemevs Bl A FSHERER
Liigica X ZREETREL ZHEETREL Polymorphism
Lation!) Number of Number of Observed Expected Sh s Nei’ s o inf "
Population observed alleles effective alleles heterozygosity heterozygosity nannon s Jer s gene tormation
diversity index  diversity index content
P1 3 1.6 0.220 1 0.295 1 0.529 3 0.290 5 0.255 5
P2 3 1.6 0.233 4 0.269 9 0.484 7 0.264 6 0.235 8
P3 3 1.5 0.268 4 0.265 9 0.4717 0.261 6 0.228 7
P4 3 1.7 0.197 6 0.304 5 0.573 9 0.297 2 0.272 6
P5 3 1.6 0.241 3 0.245 3 0.441 5 0.240 1 0.214 8
P6 3 1.6 0.245 0 0.282 0 0.513 0 0.277 6 0.243 3
P7 4 1.8 0.298 9 0.307 7 0.599 9 0.302 8 0.276 0
P8 4 1.5 0.198 5 0.244 4 0.487 2 0.240 4 0.2222
¥I{E Mean 3.2 1.6 0.237 9 0.276 9 0.5127 0.271 9 0.243 6

D P1. dbRTHEE ARG X Baiyanggou Natural Scenic Area of Beijing; P2 b5t =7 J11H Sancha Wanjian of Beijing; P3: JbE Kb Tianchi
Canyon of Beijing; P4 JU5TE# A7 Huangbaisi Village of Beijing; P5: 17 pg 7 LI Bi A Ftl Songshan Mountain Geopark of Henan; P6. B2V R Fi
A 52> [l Nanwutai Geopark of Shaanxiy P7: | Z< g & [E K 7%k [E] Nanling National Forest Park of Guangdong; P8 #iyT.P4 K H Ll ZRA

West Tianmu Mountain Forest Park of Zhejiang.
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T TERAR(0.244 4) ,P7 FhEERI I BB R A E I
(0.307 7) , BRI EEIAEE 24 5 B A B8(E R 0.276 9530
LA B (PS) FhEEAY Shannon’ s ZREEFE 4L
M (0.441 5) ,P7 FEEEY Shannon” s {55 8 48 K =
(0.599 9) , X Fh i Shannon’ s ZFEVEFEELHYI1E Ky
0.512 7; P5 PP REAY Nei’ s 3 [N £ FE M 45 B I
(0.240 1) ,P7 FhEEAY Nei’ s NI RS
(0.302 8) , HEIXFNBE Nei” s 5L A £ FEPEF8 B0y 18
90271 9;P5 PR MR B & B8 (0.214 8),
P7 R 28R B i i (0.276 0) , LSRR
LA B A RIEN 0.243 6,

BARORE ALK FIEE R P7 A I8 1 R
fer , PS PRI L 2 BEPE AR, FLAS R A AS ] 3
1R ZFEVERRVREAE—E 22 5%, BN . T Shannon’ s
ZREVERS B THE R , (5 R B A Bt A% Z2 AR M UK 2]
MK R PT R HRE P4 FREE b A AR IX
(P1) Ffif BRVE RS 1 G M A TE (P6) FfEE P8 FlEE
et =75 T30 (P2) R e P3 FREE PS5 RhEE; T
Nei’ s JER 2R R BT HE Y, BRI 5t 1% 2
FEPEKR B/ MK Ry PT FEE P4 FhHE PL FPEE PO
FRHRE P2 FPfE P3 FfE P8 FHHE PS5 FHHE,

2.2 BEWXATENBEESLIEEEHD T

93175 2253 (AMOVA ) 85 R LB - 75 Mtk 8 4>
FARFPEER] 3815 o3 A R BCh 0.334 5, F i a] 55 [
A 0.508 8, FiiE N 5t A% A8 R TTRR R 66.55%, 1M
R 1] 8 AL 728 S DT AR RN 33.45% , T I FEBR R 4%
FRRE 0382 A% oAb 2250 A TR EE .

R4 BEWSAHRAMBENSZERUREIREES

T VENE 8 A KSR FIAEI] B 18t A4 AH AL 2R BRI st 1%
PR UL 4, S50 o AR R [a] (A8t A4 AR DL R 8
9 0.584 3~0.960 3, Horh At 5t VA B AR KX
(P BWEE S bt =25 J77 (P2) A H) (4 15t 4% A0 2L
FHURR AL EHISE R (P4) FhF S WL vE X H il
FRMRAFE (P8 ) T[] iy ast A& AR DL R /N, (EAR T
R, T RIS E AR B (PT) FHEEAT P8 R
EHA 6 AFHER] Y 3545 AH AR BOR XA, (H X 2
ANFRFE] B LA 6 ASFIEE ]9 3545 A R BN
BRI IE ] A 8 AL HE B 4 0.040 5~0.537 3, Hid PL
FRHES P2 FEa] (9 35 14 B 2 5 /N, P4 FPHEFD P8 Fp
TR ALIE B f K, [RIRE, P7 RREEAD P8 Fifif 5
A% 6 MPPEEIR] ) 35845 B B AR XK, X 2 AN e (]
FH A 6 AT (] (0 35t AL BE B AV /N, 8 LAt I 5
PRI SR b B () 119 3 1 B 5 5t LI 26 S5 I O K
Mantel £6; 55 45 5L 26 W . £ FPE (] (1) 35t 4% E 25 5 M BRI
B TEAH O (R =0.568 6,P=0.002) ,

UPGMA R4 R (E 1) W . fEs L g
0.51 &b, SR i 75 FEA 8 A KARFPBEBE /0 1L 2 A4
L, Hod PLANEE P2 FPE b5 RS (P3) Rl
P4 e 0T g i L T2\ Bl (PS) R AR VS R L
A B (P6) FhRE R A — A ERE, P7 AP EE R P8 F
BER A I — AR,

i STRUCTURE 2.3.4 #4:X) 75 # 0k 8 4~ K4k
FRRE ) 38 A5 5 M EAT 0 AT, 45 23R (R 2) R K =2
BF, AK B fie K, 15t % 25 /) fi 305 AT, 156 W R 3K 75 4
8 MNRARFPEERI RS> R 2 AEERE .

Table 4 Genetic similarity coefficient and genetic distance among eight natural populations of Acer davidii Franch.

Tl e i )38 A AL 2R B (R 07 ) RIS A I B (R T 7))

TR Genetic similarity coefficient (above the horizontal line) and genetic distance (below the horizontal line) among populations
Population’

P P2 P3 P4 P5 P6 P7 P8
P1 — 0.960 3 0.945 5 0.959 4 0.914 3 0.886 6 0.634 4 0.589 2
P2 0.040 5 — 0.956 4 0.956 5 0.947 8 0.899 7 0.659 4 0.621 3
P3 0.056 1 0.044 6 — 0.942 7 0.943 0 0.930 4 0.628 3 0.592 1
P4 0.041 5 0.044 5 0.059 0 — 0.920 8 0.888 6 0.627 5 0.584 3
P5 0.086 3 0.050 1 0.055 5 0.078 2 — 0.923 0 0.654 4 0.620 1
P6 0.120 4 0.105 7 0.072 2 0.118 1 0.083 3 — 0.633 1 0.592 7
P7 0.455 1 0.416 4 0.464 8 0.466 0 0.427 4 0.457 1 — 0.833 0

P8 0.529 0 0.4759 0.524 1 0.537 3 0.480 9 0.523 1 0.182 8 —

D P1. dbEHEE AR RS X Baiyanggou Natural Scenic Area of Beijing; P2 b5t =% 71 Sancha Wanjian of Beijing; P3: Jb T R4 Tianchi
Canyon of Beijing; P4; LI B AHTF AT Huangbaisi Village of Beijing; P5: 1&g 7 LI i [ Songshan Mountain Geopark of Henan; P6: BEVE RS
E 152> [l Nanwutai Geopark of Shaanxiy P7. | Z< g & E K FF K8 &l Nanling National Forest Park of Guangdong; P8 #iyL P4 K B Ll ZR AL 7

West Tianmu Mountain Forest Park of Zhejiang.
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0.51 0.35 0.20 0.04
LR Genetic distance

P1. db5t H 98 H 2R K52 X Baiyanggou Natural Scenic Area of Beijing;
P2. b5t = % J7 i Sancha Wanjian of Beijing; P3: Jb 5 K jth ik 75
Tianchi Canyon of Beijing; P4: dt 57 # #15F #f Huangbaisi Village of
Beijing; PS5 i/ Fg 5 Ll i 2 2l Songshan Mountain Geopark of Henan;
P6. P pg F5 HiJFi A e Nanwutai Geopark of Shaanxi; P7: J7 A< Fil4
[E K 7%/ FE Nanling National Forest Park of Guangdong; P8. #f V174
K H ILFFRMAFE West Tianmu Mountain Forest Park of Zhejiang.

B 1 JEH 8 1 RAFEL UPGMA BXE
Fig. 1 UPGMA dendrogram of eight natural populations of Acer
davidii Franch.

5001
400

300

AK

2001

100

_
&}
w
¢
wne
e 3
ST 3
oo

1.00
3 0.80

1stanci

0.60

feins

enetic d

‘2 040

oy
P}

© 0.20

0.00

P1 P2 P3 P4 P5 P6 P7 P8
T Population

P1. dbat H 98 H 2R K52 X Baiyanggou Natural Scenic Area of Beijing;
P2. b5t = 7 J7 il Sancha Wanjian of Beijing; P3: Jb 50K jth ik 45
Tianchi Canyon of Beijing; P4: b 5% A S5 R Huangbaisi Village of
Beijing; P5: W[ Fi (LHL)F A FE Songshan Mountain Geopark of Henan;
P6. PP Rg F 5 HiJFi A e Nanwutai Geopark of Shaanxi; P7: J7ZAKF§I4
[E K F% K 8 Nanling National Forest Park of Guangdong; P8. #fV1.7g
K B L #MS B West Tianmu Mountain Forest Park of Zhejiang.

B2 HEW 8 MRATBNSE(A)IREEN(B) I
Fig. 2 Analyses on cluster (A) and genetic structure (B) of eight
natural populations of Acer davidii Franch.
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3.1 BEEXATENERESHENE
AHICWT 58 K B, 5 75 P i) Jm 1Y i 6 B (A
miaotaiense P. C. Tsoong.) ( Shannon’ s ZFEMEFE 5 A
0.290 9, Nei’ s JE[H ZHEMEAEHCR 0.193 3) 1 T/
HH% (A, pentaphyllum Diels) (Shannon’ s Z ¥4 48 5
470.392 4, Nei” s FER ZHEMEFEECR 0.249 8) 1 FIH
FAM(A. pictum subsp. mono ( Maxim.) H. Ohashi )
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