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HZY R R RIS BESR A R R . (1) 12 X B ARG I F 37 AN HE N AL R
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RIS A 2 FEPE AR AP SR AL T 2 S 0, B2 R R WIRA B2 IR AT T JE it
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Abstract; Pinus taiwanensis var. damingshanensis is a kind of endemic alpine pine of Guangxi and Guizhou, which has

high economic and ecological values. Its natural population has not been fully protected and utilized for a long time,
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which is not conducive to long-term stable development of this species. In order to rationally protect and exploit the
natural genetic resources of P. taiwanensis var. damingshanensis, 12 SSR markers were used to study the genetic
diversity of three natural populations of P. taiwanensis var. damingshanensis, and to analyze the genetic differentiation
and gene flow among populations, so as to provide reference for the protection strategy of this species. The results were as
follows: (1) A total of 37 alleles were detected by 12 pairs of primers, and the percentage of polymorphic loci was
100%. For every site, the average number of observed alleles ( Na) was 3.08, and the average number of effective
alleles (Ne) was 1.68. The number of effective alleles varied greatly among different loci. The average observed
heterozygosity (Ho) was 0.35, the average expected heterozygosity ( He) was 0.40, and the average polymorphism
information content (PIC) was 0.31 for every site. (2) The Shannon’ s information index of the three populations ranged
from 0.48 to 0.65, and the Nei’ s gene diversity ranged from 0.27 to 0.39. Compared with other related species of pines,
the genetic diversity was low. For each population, the average observed heterozygosity was 0.40, and the average
expected heterozygosity was 0.33,the average number of effective alleles was 1.58. The genetic differentiation coefficient
(Gst) among populations was 0.10. Most of the variation existed in the population and the genetic differentiation level
among populations was low. The range of gene flow (Nm) was 2.74, indicating that gene exchange between populations
is sufficient of P. taiwanensis var. damingshanensis. This study can provide an important reference for the protection of
biodiversity, and lay a foundation for the scientific utilization of P. taiwanensis var. damingshanensis.

Key words: Pinus taiwanensis var. damingshanensis, natural population, genetic diversity, genetic differentiation, SSR
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molecular marker

FEAFA ( Pinus taiwanensis var. damingshanensis )
MIAEL( Pinaceae ) #5J& ( Pinus) ¥4, Al 1974 415
UAET VYR WY Ll & A% 44,1975 4F i op [R5
T 5362 2 TT 48 Al S [ 45 M8 0 JF R R T (.
Wioy Koz ai) (FBJT 845, 1975) o B B IR
( Pinus taiwanensis ) 75 3% [ P4 Fg 50 A X 39—~ A8 Ff
(B2 Bt v A ) A G B 2 51 2% 1978 R
A, 1994) |, BEATZ I8 0 X 7E T K B4 M N 3 A
AR SR AR AR R T T LA A T A R 1 (A
[ AMIEELL AN, 1993) o KEARA E 2004 T 1
MR 1000 m LA B @, A R b s
PERYR B Ll R B L B AT 22 L DL R Bt N Y 7
= B ARG VDTS M B AN % 2 AT
AR o RIIFSEOL, 1 W I3 28 R BRI
e LA 7 R R KRG Y R M A K B
L3 AR R RAF bl (HAE OB 47 . R A Jo
WS E SR, AR SR A B b A ]
VERES W FE BT 4 Tl JFORHAE | Sk P 1 e Y K
b DX E 4 HIRE 3 AR i, HLOHRDE 2280058, I8
J2 T B SOULA A

H TR B AT 2280, R AR I A W R G
FIFH SR, FhRE 3 AT IR 352 1% Z AR EK P A
SREEHT BE ) ARk = R 48 BE M R I A S E ST
H AT, % R B S AR E AR 2 AL BT BESE (2019)

BB UN AR R0 NI R /NN D = /NN L B R VA VA1
PR RS AR, 23 B 13X 4 P A i 265 0 3R
SEHE R GERDL 5 1 PAE S5 (2019 ) XF ) P4 FI 5 JH Y
R RAT 5 B I R AT 98 A, i T BRI (X))
R IR T 5T 5% 4 7 A1 AR A, (5 B2 A7 0 LA A gt
1 ZREVE K E AT 20 B S, Bt a2 B
F R R B KRR I8 45 G IR R AT Z2 REPERT ST
AL Z RV = A R K I HE AL ), 2
HARAESE AR R I, 52 A5 20 A I 35t
70 S R T 0 B 8578 Ak R S8 IV RE ) B o
PR, X H AT OF 58 A B 7 AR W AR Y £ 5 )
Mo HHET, 8 A% bRic S 6 98 5t 1% 22 0 1 B 1T
F-Bt, Hivp SSR (simple sequence repeat) Fric J& 2
SR, W N Tz g bRic 2 —.
12255 (2021) J1 23 X SSR Z &5 W Xl &
54 il 2L A BT A RLEEAT PCR 973G, 43 B 1 axX 2L
e I Y 5t A% 22 A M oK 2 ¢ R R A G
(2021) FIHI SSR 43 FFnicxt FIBR R SR B B F 17 35t
& Z RV I3 A, S HORD B 98 IR B 5 BT R 5 AR 4P
PRt 5 BRI AF (2020) A 10 X80T K B 5
PREESFHUKZ SSR 73 FAric, 20 Tl T8 5N
A 5 AR R SRR A 1 38t 4% 2 AR PR OKF s B bk A 45
(2020) FI H SSR 43 Fric B AR X B A A [ 3 77 Y
35 (3 fli A 5T B YR IR AT 5 A% 2 AR 0 BT, Dy Al Y DR
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(PR | iy Bl 36 58 Bt A% i R B (A 4 5 k0l

T, A SCHIH SSR 73 1B ic X R WA K
IRBEATT R AL Z REPEAT T, 20 Hr L 2 R KR
Foast A o3 AL A% B0, K5 A 3 T st %t #is A7 B b G £
N ARt E M R v R 5 R AR IR B B, R
SRR A PR BT IRAT B IS LA, Pk, BF ST
e [ e M DX R A K AR R IR AL eI A
MBI,

1 AR5 77

1.1 &7

SEYR MRS 3 A KA, 2 5 T P K
LLAEAAS | 53 A e Ll B A | Bt M R v J A4 (3%
1), Horp KB ILEAR (DM) BCE TP R L E %
% AR XA 6 (108°25'54"—108°25'58" E |
23°30'12"—23°30"13" N) , J& 7 . 4 7 {31 1

ZRAME, TR 292~312 d, H BEFH K, 6k
R, BIRAT, TN, AR R e
AR i (VS PEAE A, 2019)

A LR (FT) B 52 A L0 R 9 A 2R
4 XA 208 (108° 39’ 46"—108° 39’ 52" K.
27°54'45"—27°54'46" N) , J& v 3 #A {2 3V 1 Hb
ZXEAE, TCFEW) 270 ~ 278 d, AH XTI B OF 44 5k
80% (1L iFH,2019) ,

KIPWREAR (DS) HCA 53 KV R K 9% A SR
3 X 8T & (107° 35’ 04"—107° 35’ 09" E .
29°08'13"—29°08'22" N) , J& b 3. #4712 716 2= X
S, RUP B b ra %, fe SR 1 939.9 m,
F ARG 560 m, 3T 1 400 m, AHXT VR 88%
(VS FEAESE 2019)

TR BT FRPRIE 30 m, R4E 30 BRLL BAREAS,
PRI B LR AR 2 Tl /IS SR AR 31 26 B, BERAERY
BB BLOAE SRR T TR A 3, (o TR AT

x1 KAARBEERER

Table 1  Population sample information of Pinus taiwanensis var. damingshanensis
o . R Rk
IS KA HlL A, *ﬁ;& H e ARy Mean annual Mean annual
. . Sampling Average DBH Average e
Group name Sampling location b (em) height (m) temperature rainfall
number cm eight (m (C) (mm)
H
DM . rﬁkﬂm . 26 18.46 6.10 12.4~19.7 2 630
Guangxi Daming Mountain
HEL N Ay
FJ . m)”{qf(ﬁm . 35 21.47 6.21 13.1~14.7 1 100~2 600
Guizhou Fanjing Mountain
I e Y
DS el 33 23.35 12.96 8.0~16.4 1200~1 360

Guizhou Dashahe

F: DM. KB #HA; FI. ARG L BEHA; DS, REaER, T,

Note: DM. Daming Mountain group; FJ. Fanjing Mountain group; DS. Dashahe group. The same below.

1.2 77k

1.2.1 K4 DNA #37% RAMKEAR CTAB
U —Tk R W Bt 5 ( Doyle & Doyle, 1990) £ B &
HHAAEE I DNA Jf-4i 4k, 38 338 B R 0% 288 1 FEL UK (1%
WS ) FARERG I EEAS DNA i, SR 409 6ot
FETHIE S FEA DNA W 25 —RE &
T =20 CHERAERH,

1.2.2 K ¥4 SSR 51 4 kR % PCR B &4 4
ST A9 SSR 51 & Al 4l 5 A FE K 4 DNA
Wy B A5 e 9 s 1 &R A (IR S5, 2016) , JF
i 8 K WIFS DNA KE S #4751 90 ok | e B 3
W LA 28RS 12 X, FH A8 52 56 1 1
il Z 5T . 51 it i L v 47 i 2 R

ARA PR F A WL, Taq B ANTPs 00 H %28\

PCR & W & & 4 10 wL; 10 mmol - L' pH
8.0Tris-HCI, 50 mmol - L' KCI, 2.5 mmol - L'
Mg2+,0.2 mmol « L dNTPs, 2.5 pmol %[%,0.08 U
Taq A1, 10~20 ng DNA, §" 38 5 B A2 .94 C
4 min; 94 C 15 s,55~60 C15 s,72 C30 s,25
cycles; 72 °C ZEA# 20 min £5 3 PCR J N (4 5 1E
4 2016) .

B PCR P B P2 W) HEAT 8% B8 TN s Tk Vi 6 JIC F,
VK, PR YR, LG Ty S I A T A (2014) TF
AT,
1.2.3 4 3R 5H  SSR LA S iy it
5 (2014) Frik ity 3R15 SSR o BUEHE ), R H
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POPGENE32 #f4:( Yeh et al., 1997) 1155 12 M7 4%
Mr o st Z NS 2B 6 A G R
( percentage of polymorphic loci, PPL) ; 235 B & &
( polymorphic information content, PIC) ; W% %543 F&
K%L ( number of observed alleles, Na) ; 55V 2L [H
0 ( number of effective alleles, Ne) ( Hartl et al.,
1989) ; Shannon’ s 15 B8 %% ( Shannon’ s information
index, /) ( Shannon et al., 1949); W %% 4« & J&
(observed heterozygosity , Ho ) ; W B2 2444 J& (expected
heterozygosity , He) ( Nei et al., 1973) ;Nei’ s 3£ K £
FERE(h) o JFIET BRSO — DT WA RE A
AT S 8 5 (F) Ak o1k 2 80 (Gse) 1k PR R
( Nm) Mgt & 55 ( genetic distance ,GD)

2 R E M

2.1 E-F#piE) i@ AR KB SSR 5| ik

HRAE 51 40 7 1 45 SR 3R A5 T K B b st 1% 2 4%
PERIN Y SSR 514 12 XF, PR 12 %5 7 K
AR AN (YR TEZE 2016 ) BEAATR] 1) W0 22 450 &
PLECAT S0, KIARAT 6 X 51 9 0 5547 32 R 8 L 25 8
Wb A 3 X5 S SRR, JA 3 X514
PLEER B L B A 22, 1 34 00 4% 4 o 55 R 00K W
Fis (Ey AR 530 3.08 F1 3.50, i BH Lh R A A X 2
LS FEAFCHERWBE R (% 2),

2.2 KBAMKARBEEESHEESH

M3 3 AI AL, 12 X 51978 3 D HFR 94 MAEA
T B A R 37 A, A E RN
100% ., 12 4 SSR o A5 S ¥ W 22 45 {37 35 PR %0k
3.08 , ARG S FE I BTE 1.16 ~2.87 Z 18] F3 K
1.68 , AN [F i [ AA RL S A B B 2 e R, WgE
Z B FE BTG FEILE 0.14~0.66 2208, F-31 4 0.35;
WA B M AE 0.12~0.92 2 ], -1 0 0.40,
ARSI A WA R ZESR, 12 1> SSR i
25 Shannon’ s {5 B8 ECFE 7 0.62, Nei” s FE K £
PR 0.35, Z28F 8 S &EMELE 0.13 ~
0.58 Z 1], -3 /0.31, e i i PF695 3 1, Fe Ik
Jy PF464 {3 55,

M2 4 AT, 20 B Ge it 3 AN R IR REAR ) 3t 14
RS, LRREIR RIS ZREM KT, 3 A8
AR 118 0055 36 Ao 5 DR I HE 3 o R v T i Ak >
A LA S KT L BEA, 1T 3 S BEIR I A 805
o7 36 R 8 W 22 J% & B | Shannon’ s {5 B 18505

Nei’ s B 24 B H i 2IICHE 7 1 0 K UD Il B 44>
WY LR AR > RE W LR A 08 T DR b ¥ 4 3t %
ZRM R | O KT LA ARG ek
A
23 KIARBEEEEMEERRS N

A T A 00 B - X 0 52 R B (Fie) A
~0.16, 2 B FREF- 23T 58 R B (Fis) }9-0.26, 3
HH R B B S Ml 25 15 ol — YR AP A S A, SR I 2
TRl RBG . RIS AR SR 5 0C R M RE ] Y7
PIEsE R (Fst) 7 0.08 , FEARIBIAS 7778 B 5 14 38
Loy A, 2T Fst AR TH I B A T 04 ) 5 PR it
(gene flow, Nm) , Nm {EAEAS [R5 1, 09 728 A6 35 [ R
0.43~31.68 ,“F-¥k 2.74 AT FNAKBH AL 3 S BEARTE]
A 25 DR 28 0 LA R 47

3L 43 BT R W R A 19 388 4% 2 AR5 B0 RT R
(F£5) , RUISEHARN B ZHEM: 5 87.64% ,
RIS AE ZRENE 5 12.36% ; LR ZRE A
PR AR ] 1) R 431k R Bk 0. 10, 1 B A4 Py 2 1A
ZREVELUIE S 0.90, 3% 3R W, I WAL FE A 1) i dst
1L 3 AT AR, KR53 78 S B AEAEREAR N
24 KA RABGEEERSN

KRS K ARFEAR 8] 35 1% 7E 2 ( genetic distance,
GD<0.077 0) fi/)y , HLIAC B LA P30 3 1 35t 42 B
BRI X B83T (GD = 0.026 9) 5 14K 8 14 — 80
( genetic identity, GI>0.925 9) 3= (£ 6) .

3 W E 4k

3.1 KB SR R TN

BET 12 LR 37 SR B B i AL Z R
EEE TN R /NP N/ R 2 DU S VAR S
2.33~2.83 Z[a], V3K 2.61; WLEEZ% 4 FiF A4y 22
ZA BEA AT 0.32~0.49 .0.28 ~0.40, - 2143 5]
A 0.40 F10.33; Shannon’ s 15 B A5 50N 0.54 ,Nei’ s
FER Z FEE  0.32, 1 Al-Rabab’ ah Fll Williams
(2002) WF5E K XERS ( Pinus taeda ) F) WL EEAEA H K]
BOWEEAG W B e B B o 7.75.0.52,
0.65, Mehes % (2009) #ff 58 F #5 ( Pinus monticola)
I 3% = AN E 43 31 R 6.50,0.72.,0.81, Karhu %
(2006) W 75 58 5 ¥ ( Pinus radiata) B W58 45 v Jk
PRIRC 2 5 4300 o 8.19 F10.73, 5 LA 1A
JRAP AR FLH , R DA A 4% I 48 BORR IR, 382 1%
AP IR (£ 7) .
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Table 2 Comparison of allelic number between Pinus taiwanensis var. damingshanensis and P. massoniana
ixijfies PJ247 PF402  PF408 PF463 PF464 PF569 PF615 PF648  PF653  PF695  PK727  PF764
PNUZEA 2.00 4.00 3.00 4.00 3.00 3.00 2.00 3.00 2.00 4.00 4.00 3.00

Pinus taiwanensis var.
damingshanensts

=YY iN 3.00 5.00 5.00 4.00 2.00

P. massoniana

3.00 4.00 2.00 3.00 5.00 3.00 3.00

R3I KPARRABENEESHEESHY

Table 3 Genetic diversity parameters of natural populations of Pinus taiwanensis var. damingshanensts

Jrmes o owesens Skt WY wekew mmien Gl ERS

Ne I h PIC
PJ247 2.00 1.26 0.36 0.21 0.12 0.20 0.18
PF402 4.00 1.43 0.61 0.30 0.28 0.30 0.28
PF408 3.00 1.68 0.66 0.41 0.54 0.40 0.34
PF463 4.00 1.28 0.48 0.22 0.24 0.22 0.21
PF464 3.00 1.16 0.31 0.14 0.12 0.14 0.13
PF569 3.00 1.26 0.42 0.21 0.23 0.21 0.19
PF615 2.00 1.69 0.60 0.41 0.57 0.41 0.32
PF648 3.00 1.18 0.33 0.16 0.17 0.15 0.15
PF653 2.00 1.78 0.63 0.44 0.51 0.44 0.34
PF695 4.00 2.87 1.12 0.66 0.52 0.65 0.58
PF727 4.00 1.96 0.90 0.49 0.64 0.49 0.44
PF764 3.00 2.57 1.00 0.62 0.92 0.61 0.53
XM Mean 3.08 1.68 0.62 0.35 0.40 0.35 0.31

R4 KPAMRABKEEESHFEILR
Table 4 Comparison of genetic diversities among natural

populations of Pinus taiwanensis var. damingshanensis

Pk =3 A% Shannon’ s

. e Nei’ s
N \ . . 1 %% b,
WRARE ey my e R BT
PGk SERBC fggr NI RERS g
name Ho He
Na Ne 1 h
DM 2.33 1.57 0.49 0.40 0.30 0.29
FJ 2.67 1.47 0.48 0.32 0.28 0.27
DS 2.83 1.70 0.65 0.49 0.40 0.39

2914 Mean  2.61 1.58 0.54 0.40  0.33 0.32

F AN, BRIz 2 ( Picea abies) 224 7 0.79
( Pfeiffer et al., 1997) , ¥ 42 ( Pseudotsuga menziesii)
Z& 4 B2k 0.67 ( Amarasinghe et al., 2002) , Rk 2
KR ( Quercus suber) 224 M 0.65 ( Hornero et al. |
2001) . HUL EARRERFP LA, KIMARE A G

FERE AR, — 71, X 0] Be S R B i B fk
) b RS0 A0 R A G, AR IR AR Y 3 A R AR
PR XA 485/ 0N , A 31 PR AR X B /0 | N [) B 44k ]
iR B R, R G s A% AR S5 KO T I A
R SRS SRR RS L T AR SR A A AR 2, 5
— 7, ASHF ST R B SSR 514 & I T R A SE 1A
AR FE A ), ol 3 P A G 43 F A e T A
JP AR FE R PR SF , DT BUObR 10 1 2 A M3
3.2 KA BHKIE MR S H4S1E

WF5E & B0 K B b BE IR O s 1 R
(87.64% ) it KT HEAR [H] i35t 45 48 57 (12.36% )
AR B] 19 358 42 43 Ak 7K P D A1, R 43 28 S B fE A
TR, BEOR R B PR Y o 2.74, K 3
A KSR Z ) 56 K 32 i LB /e 4. fR ARG
J& T IR Ay, A6 K3 5 A AR 56k 1) 328 1 5 0 H% AE
PR, J7C P 8 ol 25 B R T A B AU R[] ) ik
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Table 5  Genetic differentiation of Pinus taiwanensis var. damingshanensis

. Shannon’ s v g Nei’ s
i 3 B fi SRERES R
ndex I naex h
REVR I8 1% 22 FE 1 Hpop 0.54 REMR A1 LR Z R Hs 0.32
TEMR BI85 Z M1 Hap 0.62 VRS I 2 R H 0.35
REVR A 38045 Z MV T &7 LUAH Hpop/ Hsp 0.88 FEIR Y B 2 MM BT 5 LA Hs/ He 0.90
TR 1] 182 £ 22 #1497 o5 LUAH ( Hsp-Hpop ) / Hsp 0.12 B LR EL Gst 0.10

% 6 BEKEIR Nei’s BFEEBMEE—HE
Table 6 Nei’ s genetic distance and genetic

identity between populations

DM — 0.925 9 0.973 5
FJ 0.077 0 — 0.928 4
DS 0.026 9 0.074 3 —

TE: Nei’s tfEHE R (F =M) Jife—BU%(L=4),
Note: Nei’ s genetic distance ( below diagonal ) and genetic
identity (above diagonal).

x7T MRENFEZESEESHILR
Table 7 Comparison of genetic diversity parameters

among Pinus species

W Fh MELGFE R WG WG
Species Na Ho He
ENUEEA 2.61 0.40 0.33

P. taiwanensis var.
damingshanensis

PG ELIN 7.75 0.52 0.65
P. taeda
[SEN 6.50 0.72 0.81
P. monticola
LE RN 8.19 0.73 —
P. radiata

PR A8 i LA — e 1 BRI VR T AFL 3 R 5 SO 1 1)
W & AL Al . 14 2255 (2016) X 25 B My K AR
BRI L Z FE M98 S s SORAE (2018 ) % i Fa
g% Z BEPEOF T it A5 L L4598, m ok HE
W, KBS [ HE (A 8] 1) e B 2 e 22 R AEAR K
FREE e D PR 5% 22 S5 0 A, 78 38 15 K T 38 R &
AR Ak BRI, B R T B R Y R AR
FARTE TS N LAAE £ BRIk 8 RAER AR R
PR A HRE S 32

IR it S B W s R R 1) L 00 23 5 88 R T
WG R 20 & Tl R A BLG, 15 B R A
FAREAR T BE A A= i AR FE N 9 A 8B . R W]
FAS B R — AR A B R F i e 1 T 1o A A
Fift (V5 PSIE 2, 2019 ) o 11 B L FA 5 T R A AL A7 A
BB AR (P UK, 2001 8 KA 4,2018)
PR, KA FA A A AT RE 55 AR DX 3k Py o R P A 2
H#E

SE
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