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Abstract: [Objective] The purpose of this study was to reveal the genetic diversity, genetic structure and
genetic relationship of Pinus tabuliformis populations in Beijing, and to explore the impact of introduced
land on population genetic structure and growth, and to provide references for the cultivation and germplasm
resource management of P. tabuliformis in Beijing. [Method] Based on 7 pairs of highly and stable
polymorphically nuclear genomic EST-SSR primers, the population genetic diversity, genetic structure and
genetic distance were analyzed among 8 P. tabuliformis populations planted in last century in Beijing, 3

ancient P. tabuliformis populations and 5 mountain populations from Shanxi Province of northern China.
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[Result] The genetic structure difference ( Fgr = 0.066) was the maximum among Beijing plantation
populations, the second was population from Shanxi Province (Fgr = 0.033), and the lowest was ancient
populations (Fgp = 0.023). Both of the Beijing populations and ancient populations deviated from Hardy-
Weinberg equilibrium and showed heterozygote excess, and the maximum heterozygote excess was in
ancient P. tabuliformis populations. All of the populations could be clustered into 3 categories when genetic
distance was 0.020 based on genetic distance analysis, showing near genetic distances among different
populations, the level of evolutionary divergence and genetic differentiation were relatively low. The EST-
SSR loci site amplification frequency of J10, J20, J42 and J50 in Beijing populations, ancient P. tabuliformis
and Shanxi populations showed significant differences, which could be used for source tracing for unknown
provenances. [Conclusion] The Beijing populations of P. tabuliformis have richer genetic diversity and
higher genetic differentiation than ancient P. tabuliformis; some introduced provenances eventually phased
out because of the difference in fitness under stress environment, resulting in the genetic structure has a
certain amount of change for the retained population. Our study provides important theoretical foundation
for the follow-up studies on the evaluation, cultivation and germplasm management of P. fabuliformis
populations in Beijing.
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1.1 R SRR

b m X R N TAREEA R B+ =Bk
(SSL). J\is k3% (BDL) S 1L Ak (JLS). B =
IKEEMR I (MY) B WMk 37 (TP, 78 Ll k% (XS). A1
IR AR 37 (SHY ) F b U6 111 Ak 3 (MFS) L 8 />l B,
JE T AR AR B LA L2 [ A O 1R 5 5% el bk
(GS1) B3+ =B (GS2) A, & 5 (GS3) L 3 A~ Ff
T, L7 Ty 2R VA R o B A b I A A R R T

TR HL S EE R, 4—5 F S AR A A (BE L
HURERRRR 40 M), b5t N TR BIRERR 2R KT 50 m,
HIMAA SRR S 200 45 DL A REN, bRl BEAE B
BT IEAS, - 20 C KA TR o S8R
PEHLIRAT B RIS MAMEY SRR R A B W 1.
1.2 HAEESH DNA BRI S K ENE

fE ) Jk DA 4 DNA #3071 & GRFo0 A 2D
(TIANGEN 2], 5D ARZIL R ZH DNA. 1%
7T W 8 fie H Uk R RE A 43 06 % FE 11 (NanoDrop2000,
Thermo Fisher Scientific, USA) & il £ 4~ DNA K] 58
VL FRAIKE, BT —20 °C UKAAHRERE .
1.3 5|¥ifiE

514 7 34 2 7E AR R AH LA 1 I R R R TR 4
EST-SSR 5| 4 ) 3 fitty 1-1>19), &5 &3 G e 45 2 (1) 7 %
Zasthm. yigta e HEE MM 51 %L 2), EST-
SSR 5 Gt MAZ LR ZH 71 A 11 SSR AH E LA IR Ak
AR RS TR
1.4 SSR-PCR KRk ZFNTEFF

PCR & R N, 35— SR RN 10 pL,
AFEFEAR DNA 1 L, §i. G594 0.4 uL, 18
2 x Taq Mixture 5 pL, ddH,0 %M & 10 uL. PCR 3~

xR 1 BT EERER

Tab. 1 General information of sampling stands of Pinus tabuliformis
mH T G 51013 %7 W% /a R FEASL
Item Population Longitude Latitude Altitude/m Stand age/year Annual average height/cm  Sample plant number
JF 116°28' E 39°54'N 450 69 14.493 36
JLS 115°59'E 39°54'N 751 43 24.419 36
MFS 116°01' E 40°03' N 180 45 27.333 30
Jex A 040/ 0n0
MY 116°49'E 40°29' N 75 45 15.778 36
Tk
Beijing XS 116°05' E 40°03'N 145 64 12.969 35
plantation
SSL 116°16' E 40°15'N 170 30 21.667 30
BDL 115°56' E 40°22'N 676 45 17.111 33
SHY 116°32'E 40°40' N 600 59 20.339 36
. GS1 116°10'E 39°59'N 135 > 100 — 31
=Rl
Ancient P. GS2 116°14' E 40°17'N 180 > 200 — 102
tabuliformis g3 116°04' E 39°52'N 300 >200 — 18
i GCS 112°01'E 38°36'N 1650 21 24.762 52
ITES GDS 111°42'E 37°29'N 1 655 21 40.476 66
Five
mountain THS 113°31'E 37°39'N 1412 21 27.143 32
populations TYS 112°04' E 37°37'N 1496 21 33333 20
in Shanxi
Province ZTS 112°01'E 35°44'N 1519 21 32.381 18

VE: JF. BgEskeg; JLS. SLE LMK MFS. WU (LRI, MY. % /K XS, P 1lAky; SSL. +=F#i%; BDL. J\iEie iz, SHY. ik,
GS1. AF LAy i 2R AR, GS2. B+ =F%; GS3. #hUg1L; GCS. % 1h; GDS. 264 1l THS. KA1l TYS. K41h; ZTS. #1410 GS1,
GS2, GS3P I K, AAFEMES5M =< R. FIF. Notes: JF, Jiufeng Forest Farm; JLS, Jiulongshan Forest Farm; MFS, Miaofengshan Forest
Farm; MY, Miyun Reservoir; XS, Xishan Forest Farm; SSL, Shisanling Forest Farm; BDL, Badaling Forest Farm; SHY, Shihuyu Forest Farm; GS1,
royal garden centered by Xiangshan Park; GS2, Ming Shisanling Tombs; GS3, Miaofengshan Mountain; GCS, Guancenshan Mountain; GDS,
Guandishan Mountain; THS, Taihangshan Mountain; TYS, Taiyuanshan Mountain; ZTS, Zhongtiaoshan Mountain. Since GS1, GS2, and GS3 are too
old, the relationship between DBH and tree height is not considered. The same below.
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Tab.2 SSR primers for PCR detection of P. tabuliformis

ElEZEL [IElkZER! Ja 51 SO B E
Primer name Former primer sequence (5'—3") Back primer sequence (5'—3") Fluorescent modification Fragment length/bp
J9 GTTTGCAGTGAAAGCATGAAAG GCACCAATTCCTTCTCAAATTC HEX 244 ~ 253
J10 GTCGACACTCCAGGGTAGATTC ATATCATCAGCTAATTGTGCGG TAMRA 254 ~257
J20 CACCTCCGTAGTTTGATGTTCC CGATGTATCGTGTACACAGCCT FAM 150~ 170
129 AGTCCGAATGTCTTCTTTCTGC  TATGGAACGAATCAGAGATGACG FAM 182 ~200
142 AACCTGTCATCCAGTTCCTGTT TTGTCAAATTCCAATTCAGCAC TAMRA 251 ~269
J48 GAAGAGGAAGACGAAATGGATG CTTTACATTTACCGCCTCTGCT ROX 262 ~268
J50 TCATCCATTTCAATAGCACGAC GTAGCTGCTTGGCCTGATTATC HEX 235 ~244

vE: 5l HZ % CHR[16]. Note: cited from reference [16].

BRRIT A 95 °C TAETE S min; 95 °C 48 PE 30's, 65 C
IBK 30s, 72 °C 1A 30 s, ZILFEIEIE 35 WK i),
72 °C ZEfH 10 min, 4 °C TRAF. B RNIEFRNY 20 uL,
BFEH— W) 3 uL, W H FOCGRHT M13 Bk AlE
5145 0.6 uL, {18 % 2 xTaq Mixture 10 pL, ddH,O
FME 20 uL. PCR 4 4725 4: 95 °C FAE M 5 min;
95 °C A1 305, 58 C Bk 308, 72 °C JEAH 30 s, %
REFRAEIR 33 YK B, 72 °C FEfH 10 min, 4 °C fR1F.
1.5 HESH

PCR 38 7 Wy e A6 5 B S RHE M HR A TR
A wl B ME B UKER I, A GeneMarker 2.2.0
(https://softgenetics.com/GeneMarker.php) 3% 1 i3 17
UEAE S, Excel 0345 R4 40 3@ POPGENE 1.3. 1
(https://www.biocompare.com/) ¥ {4, 13F47 Foh B 15t 4%
5 5t Z RS A, BLFE LI S5 A AR 10 2
(Na)\ A BEENLFRICE(Ne) Ml 245 B (Ho) HAEE
4% FE (He) F1 Shannon’s {5 248 £ (D XF A [F) Fp B
VB PR 8 A% 35 A 22 S R AT 20 M, RO FE B4R N 1) ] S
TRE(Frg) SR [ € 48 8 (Frp) s BRAK [A] 8 AL 7y
1 22 E (Fgp) FHFE PR 30 (NmD, 15 21 A [7] Fb 3 18] 1) 188
& — 2 & (genetic identity, GI)Fl 15 /% Ff B (genetic
distance, GD)%5 2 44, iz | MEGA 7.0(https://www.
megasoftware.net/ ) {1 2 T Nei s it & 5 5 4E Bl
UPGMA ZRRK; &7 i) 22 53 B 1k

2 RGN

2.1 SSR fiiH7E 16 NFEF R IEH SIS

7 X5 51 A AL AN T 16 ASTAAFREE 658 Bk
FEA, P45 L2 3, 74 SSR A i fE i FEA
LRGN 23 NEEALFRICEH , SRS bR AL H
JLEEIN 16 ~ 22 A4S, FiEE JLS, GS3 Al ZTS fI55E A A
R A 164, FiEE GCS IS brid 3R 2
A 22 A5 BRAL AT J29 fEFPEE JF. MFS. XS # GS3
T2 &M, KR SEA R R Y R 2 ~4 4

AL FRICEL AL AL J29 FEAS [F) R RE 1] 1) 55 AL bR 10 40
BIE AR/, S PR Y 15 HUAEAL: SEAL bR J42-
A I J42-D FEA [F) T B v 47 186 A 26 22 S K, AR IR
T 0.0% ~ 50.0% 1 40.3% ~ 94.8% 2 [a]; S A7 b
10 J10-A FEAL 5N AR o rRA L 78 il & A A
RZEEFARK, AL RN TARFR A AL Fh e 2
H 90% My, miAEvgH L & R 65% P
14, SRR D J20-D. J50-C A1 J50-D 7EAL 5 A AR Fd
T LL P8 ol & P S AR 3, T e b 5 i
H R 05 B e [F)— 07 fUFEAS [RI R R H 1) 46 67 A
W BMEAEEZE R, FIRE, & A00 fUFE B —Fh B b ) &5
PEFRIC 2 S WA ZE R

XF 16 AN IS B SR A il A 2 R e AT
iR, 7 AN A AR IC AR 2 R B2 (P < 0.05),
PRI EE o DU T T — 250
2.2 HRTESRA SN

XF 16 /> i AA B B 1R a8 A% 22 BE 1 O B L 4,
Ne. He # 1 3 /M8 45 Kl 45 2 FEPE. AN
] Fh B 1) Na Fl Ne #K /%42 2.286 ~ 3.143 Al 1.297 ~
1.732, Na Fl #f GDS # =1, Ff B JLS il ZTS & 1%,
Ne Fi#f BDL fx i, FEE MFS 51 7 2246 T 0.354 ~
0.661, Fi#f BDL & =1, P MFS 51K; Ho 1 He 7
54 0.210 ~ 0.428 F10.204 ~ 0.397, Ho F#f TYS #x
=, P XS F SSL fx fik, He Fi#¥ BDL f 5, F i
MFS 1 ; Hardy-Weinberg *F 7 fii & #& £ (D) 7] |
Fit515%] D= (Ho — He)/He, D > 0 I, R N4
HFISF, D <0 B, RINIE FERK; 1HE &P
f] Hardy-Weinberg 1~ 1 {25 5 %, H & F B XS,
SSL. BDL. GS1 1 GDS 1] D < 0, R A& E& T 6K,
RIS 11 ANFhEET D> 0, BRI A T e b
A USR5 AR )35 A% 45 0 72 e R RS B2, BRAE Na h
FI A vh ol AR > A6 st N TTAOMORE >
¥4, Ne. I. Ho A1 He #J/2& 6 58 N TARFHEE > 1175 1
L R AREE > A, BB A A N TR 2 [A]
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Tab. 3 Allele frequency of each locus in the 16 populations of P. tabuliformis
JEFAT AR Al o WRLR
14 &b Beijing plantation Ancient P. tabuliformis Flve. mountal'n pop .ulatlons
Primer Allele marker in Shanxi Province
JF JLS MFS MY XS SSL BDL SHY GS1 GS2 GS3 GCS GDS THS TYS ZTS
J9 A 0.281 0.375 0267 0.235 0.242 0.014 0.106 0.043 0.133 0.189 0.222 0.144 0242 0.219 0.150 0.167
B 0.719 0.625 0.733 0.765 0.758 0.987 0.894 0.957 0.867 0.811 0.778 0.856 0.758 0.781 0.850 0.833
J10 A 0.941 0.985 0.981 0.956 0.982 0.865 0.879 0917 0983 0995 0972 0.692 0.677 0.609 0.675 0.750
B 0.059 0.015 0.019 0.044 0.018 0.135 0.121 0.083 0.017 0.005 0.028 0.308 0.323 0.391 0.325 0.250
J20 A 0.015 — 0.019 0.106 0.056 0.028 0.016 — 0.035 0.026 — 0.040 0.074 0.048 0.079 0.094
B 0.632 0.786 0.904 0.697 0.852 0.778 0.688 0.889 0931 0.871 0941 0.890 0.787 0.774 0.842 0.594
C 0.353 0.214 0.077 0.167 0.093 0.153 0.297 0.111 0.035 0.103 0.059 0.070 0.131 0.129 0.079 0.313
D — — — 0030 — 0.042 — — — — — — 0.008 0.048 — —
J29 A — — — 0015 — 0.015 0206 0.063 0.024 0.014 — 0.010 0.015 — — —
B 1.000 0.881 1.000 0.970 1.000 0.941 0.677 0.906 0.857 0.892 1.000 0.933 0.879 0.984 0.950 0.944
C — 0095 — 0015 — — 0.118 0.031 0.119 0.081 — 0.048 0.099 — 0.050 0.056
D — 0.024 — — —  0.044 — — — 0.014 — 0.010 0.008 0.016 — —
J42 A 0.167 0.500 0.017 0329 — 0.014 0210 0.014 0.050 0.015 0.028 0.010 — 0.016 — —
B 0.046 — 0.017 0.014 0.016 0.069 0.032 0.014 0.050 0.069 0.056 0.039 0.048 0.177 0.025 0.028
C 0.015 — 0.017 0.043 0.047 0.264 0.210 0.306 0.383 0.157 0.250 0.206 0.318 0.403 0.225 0.222
D 0.773 0.500 0.948 0.614 0.938 0.653 0.548 0.667 0.517 0.760 0.667 0.745 0.635 0.403 0.750 0.750
J48 A 0.206 0.208 0.100 0.177 0.132 0.176 0.197 0.194 0.242 0.142 0.222 0.200 0.269 0.313 0.290 0.028
B 0.721 0.736 0.800 0.691 0.765 0.757 0.727 0.722 0.710 0.784 0.722 0.750 0.723 0.688 0.684 0.972
C 0.074 0.056 0.100 0.132 0.103 0.068 0.076 0.083 0.048 0.074 0.056 0.050 0.008 — 0.026 —
J50 A 0.221 0.157 0.232 0.177 0.206 0.216 0.242 0.250 0.183 0314 0361 0.125 0.156 0.188 0.175 0.167
B 0.779 0.843 0.768 0.824 0.750 0.743 0.758 0.722 0.817 0.686 0.639 0.875 0.828 0.797 0.825 0.833
C — — — —  0.029 — — — — — — — 0.008 0.016 — —
D — — — — 0.015 0.041 — 0.028 — — — — 0.008 — — —
it
Total 23 17 16 17 20 18 21 19 19 19 19 16 20 22 19 17 16

W A ALSSRARCHE 7 #2 B 58474 v BEN /N BRI 5 L 176 48 T 2R R 2t BRI R £ 48 . 22 R 5l SR T il SO iR 8 SR 4 e )
Notes: each allelic SSR markers are sorted according to the order of amplification product fragments from small to large; the diversity data of the
geographical distribution of P. tabuliformis in Shanxi Province are derived from the original data of professor Wu Wenbin!'*,

AL 22 S 5K, o IHIRA 2 A (R T 4 2 S AN
2.3 BALAFEMRFEFEES ML

T AL EAE 16 AN THAAFRHE ] 18 45 73 b 25 5 WL
5, AT A5 120, 129 A1 J50 4b, HA &AL S Fig B8
HUE, 35— 0.076, ULEAFEAMAA AR N A& 71T
P, Hrb e Fig N—0.102, FRREEN 4 A 1 6l i
%, 1 v il R Fig A— 0.068, Rk 42 & 7 ik %l
B/l Fip 6 19710 A1 148 3 AN R G, B Fip <
0, HAx 4 ML Fip >0, “FH8-0.001, 3B &
FEARFPRE 8 ik ), Hd b Fr £-0.077, 46
N AR Fip /& — 0.0015 Fyp £F 4% A7 s 18] 9% 3 T
0.021 ~ 0.151, *F-¥J°4 0.070, EJF-2138 4% 730N 7%,
K 7% WAL AL S AFAE PP REE], T 93% ()it 4L A

FEAECEFNRE N, FRAE N 078 SR 2 a5 A8 S 1) £ R
P, Hod N AR For ik 0.066, R R (8] 47 7 45 72
JEE TR 8 A% 25 K 7 S, T oy e A R L T L R R R
) 38 A% 25 7 A8 S B T BAIK, Fp K IR 72 0.023 il
0.033"7, b3t N T ARFPHE 2 [a) 38t % 45 1) 22 7 e K,
T VHURA ol B R4 45 0 2 S )N, 2 SRR A
OEEE St
24 MEBEBEEEBSRFEXR

8% BE 25 (GD) AT i S A (A 1R 200 Rz, 18
& — B (GD 72 iy 2 PP B RS AL AL S 40, R 6
ST 16 A JHRA RO 1) 383 4% BE B A E A% — BURE ARk
76 9 0.009 ~ 0.093 A1 0.911 ~ 0.999, it B Flt ¥ a]
TRALAURE B 35 e, BB R B /o JETREA 16 4
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Tab. 4 Genetic diversity of 16 P. tabuliformis populations
i H Item Fh#¥ Population Na Ne I Ho He D
JF 2.429 1.513 0.503 0.367 0.310 0.184
JLS 2.286 1.536 0.503 0.417 0.323 0.291
MFS 2.429 1.297 0.354 0.237 0.204 0.162
. MY 2.857 1.569 0.562 0.343 0.327 0.049
JEm N Ak
Beijing plantation XS 2571 1.341 0.406 0.210 0.227 -0.075
SSL 3.000 1.479 0.528 0.210 0.294 -0.286
BDL 2714 1.732 0.661 0.271 0.397 -0.317
SHY 2.857 1.437 0.482 0.414 0.278 0.489
E&{Ett . 1312 1.335 1.867 1.985 1.946 —
xtremum ratio
. GSl 2.857 1.487 0.496 0.239 0.285 -0.161
AR
Ancient P. GS2 2.857 1.423 0.488 0.310 0.277 0.119
tabuliformis GS3 2.286 1.467 0.449 0.303 0.227 0.094
EME t . 1.249 1.044 1.104 1.297 1.028 —
xtremum ratio
GCS 2.857 1.439 0.504 0.302 0.291 0.038
Wl % GDS 3.143 1.608 0.608 0.315 0.370 -0.149
Five mountain THS 2714 1.731 0.617 0.400 0.382 0.047
populations in
Shanxi Province TYS 2.429 1.494 0.517 0.428 0.321 0.333
ZTS 2.286 1.479 0.479 0.311 0.297 0.047
E&{ELB . 1.374 1.202 1.288 1.417 1312 —
xtremum ratio
E: Na. M2 RIARIC B0 Ne. 5 30 RIAR1E 80 1. Shannon’sfE B8 40; Ho. MU Z4 4 B ; He. #1844 & %, D. Hardy-Weinberg T4 {ii 25 #6 4i; #% 14

b FE R — RS PR AP h 3 — S Bl ) e KM 5 B /ME I EL 18 - Notes: Na, number of observed alleles; Ne, effective alleles; /, Shannon’s
information index; Ho, observed heterozygosity; He, expected heterozygosity; D, Hardy-Weinberg balance deviation index; extremum ratio: ratio of the
maximum value to the minimum value of a parameter value in the same large geographic population.

R5 16 NMERMERM FRITE
Tab. 5 F-statistics in 16 P. tabuliformis populations
o g RATH b eI
- J9 J10 J20 J29 142 J48 J50 - Beijing Ancient P.  Five mountain populations
Parameter Mean . o . . .
plantation  tabuliformis in Shanxi Province
Fig —0282 -0360 0.217 0228 —0.057 —0.193 0.016 —0.076 —0.071 —0.102 —0.068
Fir -0217 -0.155 0.266 0.287 0.068 —0.162  0.005 —0.001 —0.001 —-0.077 —0.033
Fgr 0.051 0.151  0.062 0.078 0.119 0.026  0.021 0.070 0.066 0.023 0.033
Nm 4.657 1.402  3.763 2.973 1.860 9.328 11.593 3.314 3.552 10.806 7.311

VE: Fig. #EARPN B E R EG Frr. S BRI E 2 F6 50 For. FEAR AL 046 R 506 Nm. ZE[K . Notes: F, fixed index in population; Fyr, fixed index
of total population; Fgr, coefficient of genetic differentiation among populations ; Nm, gene flow.

TR OB 18] 1Y) Nei s 38t 4% 5 59 38 i 85 {F MEGA7.0
HEAT UPGMA R5047, 45 B A 1, ] LAE H 2t
FEREBTE 0.020/C 470, 16 ANHAAFEERT LLAr A 3 K
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GS1. GS2 Al GS3 54t 5t A Ak SSL #l SHY fE it
FEFE RS 0.01040 5 N 5 — 35, M5 5 b A Ak
JF. MY. MFSHI XS — 2 R AEH — KK H KK
CID 280 Bl ol 78 1) ol R PR G, s Ll R PR
[F)AG — 2 B R B, HoA AT Ll a4 i 3 AN

£ GDS. GCS A TYS I8 A B 4L 85 25 db g A
TTARFRHE JLS B A = KR AT .
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30 HAEFE A TARMEE AR S R
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Tab. 6 Genetic identity and genetic distance of 11 P. tabuliformis populations in Beijing and P.
tabuliformis populations in five mountain populations in Shanxi Province
Pojﬁﬁion JF JLS MFS MY XS SSL  BDL SHY GSl1 GS2 GS3 GCS GDS THS TYS ZTS
JF — 0971 0981 0988 0983 0967 0966 0962 0950 0977 0969 0960 0.958 0931 0.960 0.970
JLS 0.030 — 0.951 0986 0949 0.932 0956 0.935 0946 0952 0.948 0932 0.934 0911 0.927 0.927
MFS 0.019 0.051 — 0.975 0.999 0969 0.950 0973 0961 0.991 0983 0971 0.959 0922 0.967 0.962
MY 0.012 0.014 0.026 — 0976 0.969 0972 0.967 0966 0976 0.970 0962 0.958 0.936 0.959 0.958
XS 0.017 0.053 0.001 0.024 — 0.974 0953 0976 0964 0992 0.983 0973 0.962 0.926 0970 0.964
SSL 0.034 0.070 0.032 0.031 0.027 — 0.978 0996 0983 0.984 0981 0984 0.978 0965 0.983 0.976
BDL 0.034 0.046 0.051 0.028 0.048 0.022 — 0.979 0973 0972 0961 0962 0.963 0.942 0.959 0.964
SHY 0.039 0.067 0.028 0.033 0.024 0.004 0.021 — 0.991 0989 0.989 0982 0976 0.959 0.980 0.964
GS1 0.059 0.055 0.040 0.035 0.037 0.017 0.028 0.009 — 0.982 0985 0972 0974 0960 0.970 0.948
GS2 0.023  0.049 0.009 0.025 0.008 0.016 0.029 0.011 0.018 — 0.994 0973 0968 0.939 0.970 0.965
GS3 0.032 0.053 0.018 0.030 0.017 0.019 0.040 0.012 0.016 0.006 — 0.970 0969 0953 0.971 0.951
GCS 0.041 0.070 0.029 0.039 0.027 0.016 0.039 0.019 0.028 0.027 0.030 — 0.994 0975 0998 0.976
GDS 0.043 0.069 0.041 0.043 0.039 0.022 0.038 0.025 0.027 0.033 0.032 0.006 — 0.987 0.995 0.976
THS 0.072 0.093 0.081 0.066 0.077 0.036 0.060 0.042 0.041 0.063 0.049 0.025 0.013 — 0.978 0.953
TYS 0.041 0.076 0.033 0.042 0.030 0.018 0.042 0.020 0.031 0.030 0.030 0.002 0.005 0.022 — 0.972
ZTS 0.030 0.076 0.039 0.043 0.036 0.025 0.037 0.036 0.053 0.036 0.050 0.025 0.024 0.048 0.029 —
VE: X AL L NS AR, 62k LT L B . Notes: above diagonal represents Nei’s genetic identity, below diagonal represents genetic
distance.
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Fig. 1 UPGMA clustering map of Nei’s genetic distance AI%E"JHEK&E 43@%55)”1{1/]5% /E\‘ﬁ#ﬁ_’i Eg %AU

for Beijing and Shanxi P. tabuliformis populations

analysed by 7 pairs of primers

RIAZE T A RIPIRES, VLT 51 34 85 F) L ¢
RO 5 N TR B AR IR R A 38 4% 25
=2 T AR B RE R o FEAS R A R RS O 1
32 KT Vendramin S5 Fir i i # 1804% 22 1R s 5HE
(H <0.05), N TARA eI 2 2 15 58 0 oK vk il

Ju 0197201

7 05 51 73 B 5 R AR WY AL UM A N AR
A% 22 PR 3l KT R PR AR 2 AR, R
7 T HR A ARAOR R A AR AT R, 30 A% TR A S R
RPN RS R AEROMRA N AR A 255
PiARICHL HIEE 44 A Shannon’s 2 FEVEFE 4L 3 A
TRERAE 3 JEME 38 09 e v B, W08 A% 2 FEPE B i



40 b mw # kK % R

42 %

X5 N MM AT RER B AN LR R N AR
o 735 A Rl 18] A= 458 1) 22 57 LKA R R PR
REI IR A A Ko BEIRMRA N AR 4% AL
5t B BAFAE T RREN, 75 6 K 2 BOMOR Pl i a8 4% 22
S (10 38 A G AL RS AR AN LA 22, (HL 50 Y il AR
AER T R RIREA EL, A 5 i R (R A A2 57,
M5 M BT A N AR ) o R
GASES- AR S E
3.2 AEEURMM AL E R L RERFE R EE
FHMERKREEEXEK

[ — ST s A AN R ol S5 L AR A AR 22 S 2 Fof
REIRDE 1% 22 A PR R AR 25 M 38 S R A2, 3% 3
AN TRME s A P AR Tl 3 o FRORSE U0 45 SR R, 8 S5 AR
0 A AE AN [R] 28 50l e FR B R R R B — 8 2=
Fas, SAARIC J10-A 7EAL 5 I Ra N AR A
A RRRE 3 SR A BL ELAR f&ps 10 1L 7Y T
L1 ZR R PR R S R B J42-A FEAERT AN AR
PR B R A I RA AR PR U B, T Ly

Tl AR A AR A A E . AR T10,

J20. J42 F1 JS0% A7 55 19, J29 Al J48 7E 3 K Fh B rp
(100 S5 e WU A0 28 222 S AEOR, T R AR B ik R T
B . R — A7 B A (R S AL bR G T A [R) b BE () R
% T3] AT 00 281 P A0 3 222 S5 2 G W A ) G A 285 ) 22
SR AL o Ak 1 A, T A SRR AR L (B 43 EST-
SSR Aric s I 25 R AE — 2 B b T DA il A= 35 5%
FREE I I PERUN. o ZE AL J20-B 7EIL 50N TARFh
FERI L 78 L P (9 S A AR L, 5 ol T A A
TE R 2 55, U B Z A A AR e o A6 5T N TN L 7
FREE L FIRHAE, BT BA L FRIER R, Zin
CHIAEE R I, ATREA 32 AL s A B FRRE I .

3 S IHRA PR (F] (R IS R BRI T SRR R M
FHXFZE I o 16 ASTHAAFHEERE 23 9 3 K3, oy vl
FA GS1. GS2 F1 GS3 fi7 T2 — KT FOME — L
KW, HAhdb 5 AN TAR B TLS) R R E S — KRN,
T L P 0 Ll R PR AL T8 RSB CTTSO W,
KTV e AR AN I S U DN [ RS R S E DT RS
IEHISRG R R, H5 1070 H L R WA R B —E
G, ARABRIRATI A & TR R R, Jb i X R
A A N AP 25k 5 oG R, R 2 244
FEAF 5 1L (GDS) AR L (TYS), M AR
(R o 53 TR 23 A AR PR, PR 1) S B D) IR SR
GO F, M ARATH 23 1 45 FH AN B 4 4 vT 5 1
PEUEE, X ] e S5 3A BRI FHRIC(EST-SSRO A K.

JE SR N AR A 842 HE R B0 00 5 1L 7
Foth ZFPEHIE, FEOX — 25 R RE IR KA 17
Tl R A A KAE F = FGRIE ) 1300 ~ 1400 m

R SIS, T AL ST AA 51 PR 22 2 100 ~ 200 m
i, B2 mim i, Bl v R A R K Z .
AR A 2% A 1) 22 S 6 AN [E AN A 7= AR e B I D, o
T PR AN [ A4 [ 1000 B8 A7 0 22, SRR b 1 3
FE 25 S R IAE R 7 R ZEL A R B B A 2
TR, BB BLRESEAF1E T R R AR IE R AL 5 X
AR S SR A, AN R PR BB T B IR, iR i
BRI RIS 2 1E 40 ~ 60 £F, T2 2000 1 1121 bk
B B P A s b DX ARG I A 15 55 P e PR AR B Sk f o
B, BT IR N FEEVE 2 AR08 BTE IR, B8
G R 300 LT 3 SRS, AR IS A B K EST-SSR 4>
BRI SRR 2% J5 R 4 4 ) X () B 2 B A
10, BT 9 NFRBEAEBOR 22 7 AR 58 R AN [ 38 4% 24 1)
& A R 22 e v 3 B g A S5 2, T BT A g A X
Fridd — L rl BE 5 1E A B OCHE, BRI TN L
PR T3] 55 A T bt ot B ) 384 S5 R R o R IX
SR Tt L 7 % 1 2 R R 35t A 5 A A AT R R
T, iR 38 A% 5 40 11 78 SR 5 A B IR B4 L 5 DA
SR ) 2 Ut WX e bR i 5 AR B AAAE — 58 SR IEG, (HIA
= ks The 3 R4S B, B A RE R F1iX 48 EST-
SSR FRic BT R EX 1 5L K D fig . DRI, S A = R 4H
& SRR AE SCHE AL, 7ERI A EST-SSR Awic @A
B AL SR AR R FP B ] R R F R AR, NRET
i K e g i [X b i BT R BREE R ) Th R, RIS E &
JEE R IRAR 1 I 58 B S b AR a8 AL 45 4 5 AR S 308, A
M5AEE A E R bR ic @R R R A K R b
JUI L FREE TLSOAE AL 5T N AR Hhifg 48 A7 B A
1 (750 m), AFO R e g e P S A TR 2 R N,
A AR AL 5| At X 1 St o 57 1R E AR S I AR /N, T S
LG L 2R A TR T b s P A B AR B

W 1 2 VPN AR AR 7= 7 1 B BEAR AR, b 5
Fa N TARGE S iy A K AR 12,969 ~ 27.333 cm, 11 7
Tl R AA PR S S AR K & AE 24.763 ~ 40.476 cm,
SR A A AN N AR AR K R K T P
i AR KK, 1 B L T8 s A 5 T T A
oy A T AR B B L AR B 6 v RA I AE K B
BEMEm, HHiEik SRS E T REE
ST RE A SR AS A2 7 0 0 2 TR T e IR
A 5 ) 22 S B o B ORE TR AN RS B B AR R
S, 4 T SR I8 254 1) 5O, BT NN L
MOFPHER I T 8 3 i 2984 PR S LA .
1, B AR BB A% 25 A0 A5 A A, U A i X T
TS IR RLPE 5 AR K R IUA BOR I REIA o
3.3 FAE%MEEF EST-SSR #Ri2# 1T A THESL
XRETEHTREMES FRR

Jb 5T N AR 5 v J P 7R 38 A% PR B 1 O



%6 BUPRBRAR: ALTTIIRA N MG 25K A8 5 5 1L G 1L BRI 22 3 20 W 41

B LG Tl R A A O R, 1LV T R R AR
JEHE I A b i A BN B 2 S S U bk
W UK, TR DR B TR SR O e R 38 4% 5 M R A — e AR
FERIERAR o T A% S5 M AR B H5ok A A T L vl

Tl R FPEEIE A IE RG] N AR B, T RE % 254 X

¥ Ll v o AN AE RO A B A . AHE T iE

THAMAZ FE R 2 7 S+ EST-SSR A ich B A Y i fff F Wy

tE 5 SCHR A O — B Jb B S N TARARE, H ]

DA 58 AN [F) R A 1) (R RE 6 SR 250 R P, AR R A ot

FE 51 NHb 38 AR 5N R 2 22 S 3 BOHR 0 R AR A

VUK, PR OR B T SR B AR O 38 A% 5 M) R A — B 1R

FERIER, BT LA, P A% 3 R 20 35 PR SR gE A7 P i s 2

FAAE— EREE I 22, FBOHE S5 RA AR . A7

{10 A 1 2 5%k 10 A% 1) 2% 8] 45 4 777 2B 52 0 290, 177 40 i ot

LD RAZZAR AE BN AREAL B IR A 2, Hiliia 2k

Fi{A DNA(mtDNA)J& T £} At %, mtDNA Fric

A Gk S A Ay AR IR O E o BT RL, W36 — By

BOR @ AR DNA 1741501 #y 8t N AR i

AL VS Foh RIS SR R, £ A R4 SSR 2

fill2 145 mtDNA 38 A% AR IS KB 58 AL 5L A

FRY B A% 22 B AP L 20 A% 5 M) AT I @t [R] I 9 Kt

B8 SR AN Rt X Y B, D9 Ab 5T b i N TR R A A

TR R HE R I R
AHIEFE I AG O N CARBR R i b P

BREFEE, BEZFEEE . LM A TR

IR AR R 23 AT 3R B A A S T AR AE T A A

P, AHRE IR A8 J A T M oRE N 3B AR AR S . T FEREAA

30 A7 E D 29 108 4% P47 I, 67 K J10. 7204 J42 Al

J50 AEAL BTN TTAR iR AL 8 Tl R 7 R

WA 2 S 2, AR D b N PR A Y 0 ) S

S1EZ/ IR b= RO L it aprik = 33 OVALI IS S Giib E vl i

A 8%, ) FH 2 DR 9 A5 [X 1) EST-SSR A i At 5 391

VAT R BR A o B 9T 45 R D9 A6 5t DX N AR ) o

My 55 B RPN SR P B A S R, X H AR

N TR IR —EZE M E.

2 £ X W

[1] White T L, Adams W T, Neale D B. Forest genetics[M].
Cambridge: CABI Publishing, 2007.

[2] Wilkinson D M. Is local provenance important in habitat
creation?[J]. Journal of Applied Ecology, 2001, 38(6):
1371-1373.

[ 3] Hugron S, Bussiéres J, Rochefort L. Tree plantations within the
context of ecological restoration of peatlands: a practical
guide[M]. Québec: Université Laval, 2013.

(471 #Als. s [M]. Ab5t: v E Mol o, 1993.

Xu H C. Chinese pine[M]. Beijing: China Forestry Publishing
House, 1993.

[5] B, M, I, & 19 FEM AR R 2 7 Kk 0T

FL]. AR R =R R, 2010, 32(1): 63-68.
Mao A H, Li J X, Zhang C Y, et al. Geographic variation and
provenance selection of Platycladus orientalis in a 19-year-old
testing plantation[J]. Journal of Beijing Forestry University,
2010, 32(1): 63-68.

(6] ARACHE, PVEER, BT 2R, S5, IR TR SRR IR Ml 2 23 A7 R X
k43 [0, Mol AL, 1981, 17(3): 258-270.

Xu H C, Sun Z F, Guo G R, et al. Geographic distribution of
Pinus  tabuliformis Carr. and classification of provenance
regions [J]. Scientia Silvae Sinicae, 1981, 17(3): 258—270.

L7 ] ARAGRE, BT 5R, AR, S5, R R ARAR A A K 5 i B SUR ER 3R

MR A& 0], EER R BEEAR, 1981, 3(4): 9-13.
Xu H C, Guo G R, Feng L, et al. The relativity between natural
Pinus  tabuliformis forest growth and geographical climatic
factors[J]. Journal of Beijing Forestry University, 1981, 3(4):
9-13.

[ 8]z Al JHFA 72 b5~ iy B il A T R0 (7). Tl 20274k,
1965, 4(4): 230-232.

Yun X H. Preliminary discussion on the cultivation of Pinus
tabuliformis in Beijing[J]. Journal of Horticulture, 1965, 4(4):
230-232.

(9] s, gofme, sAED, & ALt X RA N TR AR BUE K

& BP M & W 458 Y (0], AR b ARl K 32 22 4, 2010, 38(2):
20-22.
Shi Y, Yu X X, Zhang J Y, et al. BP neural network model for
volume growth of single trees in Pinus tabulaeformis plantations
in Beijing mountain area[J]. Journal of Northeast Forestry
University, 2010, 38(2): 20—22.

[10] (AbrmEmipkdl B dmZEs. ALtk & M), AE5T: drE Mol H AR
#t, 1993.

Editorial Board of Beijing Forestry Journal. Beijing forestry
annals[M]. Beijing: China Forestry Publishing House, 1993.

(1] 5B, 2, 2R, 55 (Lva ke RARMR I 21 FFARAEKE
PRI AEAR S A (I]. dbstbRol K 22223, 2014, 36(3): 104-109.
Zhang X B, Li Y, Yuan H W, et al. Genetic variations of growth
traits in a 21-year-old stand progeny of Shanxi natural Pinus
tabuliformis forests[J]. Journal of Beijing Forestry University,
2014, 36(3): 104-109.

(12] BEHE, GRIL, JH 224, 4. (L P RA FIRERR ORISR AR AR

HAE 5 [0]. g R, 1995, 23(3): 40-45.
Fu Y H, Rao J H, Zhou X R, et al. The characteristics of species
colony and character variation of parents and filial generation of
Pinus tabulaemis in Shanxi provindce[J]. Shanxi Agricultural
Sciences, 1995, 23(3): 40—45.

(13] s, BURAR, ki, 45, BT SSR ARIC AT L 78 4 i A (L ik b
BH DR 4 5 B R 4 0] dbmOMOlk K22 224, 2018,
40(10): 51-59.

Wu W B, He K K, Di H, et al. Genetic structure and geographic
system of geographical population of Pinus tabuliformis mountain
range based on SSR in Shanxi Province of northern ChinalJ].

Journal of Beijing Forestry University, 2018, 40(10): 51-59.


http://dx.doi.org/10.3969/j.issn.1000-5382.2010.02.008
http://dx.doi.org/10.3969/j.issn.1000-5382.2010.02.008

42

Sl Ay

L SNAEPN

42 %

¥k

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

23]

B, XIS, SRR, 4. 21 AE AR A B IR VIR AR S R
FREFE 0], g AR R, 2013, 42(1): 20-23, 39.

Zhang X B, Liu H R, Bi L Z, et al. Variation and choice of
provenance trait of 21 year Pinus tabuliformis[J]. Shanxi
Forestry Science and Technology, 2013, 42(1): 20-23, 39.
ERE, EAM. RS WA ARE RGN H ] B EIEST
Fd 2, 2008(4): 16-17.

Wang C L, Wang J L. Introduction of Beijing ancient and
famous tree management system[J]. Chinese Flower Gardening,
2008(4): 16-17.

REAE, TkME, B, 55 A PRAREE AL AT [ 1 1 2 R S
R RG] AL ARl AE 254, 2016, 38(9): 8-15.

Cheng X, Zhang M, Mao J F, et al. Gene diversity and mating
system of Pinus tabuliformis in finite population seed orchard [J].
Journal of Beijing Forestry University, 2016, 38(9): 8—15.

Wright S. Evolution and the genetics of population: variability
within and among natural populations[M]. Chicago: University of
Chicago Press, 1978.

Vendramin G G, Fady B, Gonzalez-Martinez S C, et al.
Genetically depauperate but widespread: the case of an
emblematic Mediterranean pine[J]. Evolution, 2008, 62(3):
680—688.

R, BRE, Beok, S5, [ 5 3 4 L HR 28 e AR PIT-1
HH 2 S HERMREC R D], IR BH R 224R(E
REBLZERR), 2007, 35(12): 1-5.

Hua L S, Chen H, Yang X B, et al. Association of polymorphism
of Pit-1 gene with fattening traits in Guyuan local cattle and
crossbreed of Limousin x local cattle[J]. Journal of Northwest
A&F University (Natural Science Edition), 2007, 35(12): 1-5.
Valente C, Alvarez L, Marques P 1, et al. Genes from the TASIR
and TAS2R families of taste receptors: looking for signatures of
their adaptive role in human evolution[J]. Genome Biology &
Evolution, 2018, 10(4): 1139-1152.

Bulmer M G. The maintenance of the genetic variability of
polygenic characters by heterozygous advantage[J]. Genetical
Research, 1973, 22(1): 9—-12.

Amandine D, Anne V, Magali F, et al. Progressive ataxia of
Charolais cattle highlights a role of KIFIC in sustainable
myelination[J/OL]. PLoS Genetics, 2018, 14(8): 1007550 [2019—
09-30]. https://doi.org/10.1371/journal.pgen.1007550.

PR, BUERE, AT, & BT RIE S TARC SR K&
HoI 25 A et A 56 F 40 (], 78 pl AR R 2 2241, 2017, 37(1):
1-9.

Xu Y L, Cai N H, Bai Q S, et al. Genetic relationship of Pinus

yunnanensis with related pine species based on microsatellite

[24]

[25]

[26]

[27]

[28]

[29]

(30]

(31]

molecular markers[J]. Journal of Southwest Forestry University,
2017, 37(1): 1-9.

LiJ J, Xiong C, He X, et al. Using SSR-HRM to identify closely
related species in herbal medicine products: A case study on
licorice[J/OL]. Frontiers in Pharmacology, 2018, 9: 407 [2019—
09—-10]. http://www.frontiersin.org/articles/10.3389/fphar.2018.
00407/full.

IRACH, FEZERR. WAL TR IR AR 2 o MO SRR G & 7).
Mol RL, 1989, 25(6): 492-501.

Xu H C, Tang J L. Seed germination ecology of Pinus
tabulaeformis in relation to their provenances[J]. Scientia Silvae
Sinicae, 1989, 25(6): 492—501.

FH, EME, mE A RREME TR R 57
Hb b PR S BT B SQ BE o B (0. AR A AR, 2013, 33(12):
3602-3610.

Li M, Wang S X, Gao B J, et al. Analysis of genetic diversity of
Chinese pine (Pinus tabuliformis) natural secondary forest
population and correlation with their habitat ecological factors [J].
Acta Ecologica Sinica, 2013, 33(12): 3602-3610.

W& 7% R, W 255 BOR EEBT 4L [D]. Ab5T: dbstbolk k2,
2009.

Sui H D. Comparative study on comprehensive technologies of
tree height measurement[D]. Beijing: Beijing Forestry University,
2009.

IR, RMEI, #2272, S L 7G il As 3 —AXRD T B SR A L %
SR E vt [V, bl =254, 2016, 38(3): 47-54.

Yuan H W, Liang S F, Fu X J, et al. Parental selection and
deployment design in the second-generation seed orchard of
Chinese pine in Shanxi Province[J]. Journal of Beijing Forestry
University, 2016, 38(3): 47-54.

Latta R G, Linhart Y B, Fleck D, et al. Direct and indirect
estimates of seed versus pollen movement within a population of
ponderosa pine[J]. Evolution, 1998, 52(1): 61-67.

Chen K M, Abbott R J, Milne R 1, et al. Phylogeography of Pinus
tabulaeformis Carr. (Pinaceae), a dominant species of coniferous
forest in northern China[J]. Molecular Ecology, 2008, 17(19):
4276-4288.

Xia H H, Wang B, Pan J, et al. Combining mitochondrial and
nuclear genome analyses to disst the effects of colonization,
environment, and geography on population structure in Pinus
tabuliformis[J]. Evolutionary Applications, 2018, 10(11): 1931—
1945.

(WSS & 48 fia
TERE B EAE)


http://dx.doi.org/10.3969/j.issn.1007-726X.2013.01.007
http://dx.doi.org/10.1111/j.1558-5646.2007.00294.x
http://dx.doi.org/10.1017/S0016672300012799
http://dx.doi.org/10.1017/S0016672300012799
https://doi.org/10.1371/journal.pgen.1007550
http://dx.doi.org/10.11929/j.issn.2095-1914.2017.01.001
http://www.frontiersin.org/articles/10.3389/fphar.2018.00407/full
http://www.frontiersin.org/articles/10.3389/fphar.2018.00407/full
http://dx.doi.org/10.5846/stxb201211271680
http://dx.doi.org/10.1111/j.1558-5646.1998.tb05138.x
http://dx.doi.org/10.1111/j.1365-294X.2008.03911.x
http://dx.doi.org/10.3969/j.issn.1007-726X.2013.01.007
http://dx.doi.org/10.1111/j.1558-5646.2007.00294.x
http://dx.doi.org/10.1017/S0016672300012799
http://dx.doi.org/10.1017/S0016672300012799
https://doi.org/10.1371/journal.pgen.1007550
http://dx.doi.org/10.11929/j.issn.2095-1914.2017.01.001
http://www.frontiersin.org/articles/10.3389/fphar.2018.00407/full
http://www.frontiersin.org/articles/10.3389/fphar.2018.00407/full
http://dx.doi.org/10.5846/stxb201211271680
http://dx.doi.org/10.1111/j.1558-5646.1998.tb05138.x
http://dx.doi.org/10.1111/j.1365-294X.2008.03911.x

