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Abstract: In order to clear genetic background of different provenances Pinus armandii colnes from seed orchard in Zixi
Mountain of Chuxiong City, Yunnan Province, the needles of 60 clones were taken from six provenances which was used
to extract total DNA by modified CTAB method, and the genetic diversity was analyzed by SRAP molecular markers. The
results were as follows: (1) Fifteen pairs of polymorphic SRAP primers were screened from 100 pairs of primer combina-
tions. After SRAP-PCR amplification, a total of 194 loci were obtained, and the percentage of polymorphic loci PPB=
85.05%, Nei's gene diversity index H=0.233 7, Shannon’s information index /=0.341 9, genetic differentiation coeffi-
cient between population G, =0.3555. (2) The genetic diversity of 6 provenances of P. armandit was high, and the ge-
netic variation was mainly existed within provenances of P. armandii. The genetic distance between the Huize ( HZ)
provenance and the Weishan (WS) provenance was the closest (D=0.050 1), that the Huize (HZ) provenance and
Yiliang ( YL) provenance was the farthest (D =0.361 8). (3) The cluster analysis showed that six P. armandii prove-
nances there were classified into three categories: Huize (HZ) and Weishan (WS) provenances were in one category;
Chuxiong (CX), Nanhua (NH) and Yiliang (YL) provenances were in the second category; Tengchong (TC) prove-
nance was a separate category. The results indicate that genetic differentiation in P. armandii clones from seed orchard in

Zixi Mountain of Chuxiong City has a high level, and it can provide theoretical information and practical guidance for

parent selections during the cross breeding and evaluation of germplasm resources of P. armandii as well.
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AE WIS ( Pinus armandii) &5 FF ( Pinaceae ) #3
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I3 FFRICR B8 L AR 1L RA R Tl ARG ER 2 TE 1 AR
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ABRM AL 2 5, Histfe ZREECE R, Hil
F RAPD ( Random Amplified Polymorphic DNA) Fx
ICHX R B8 B o T iR A A —E Y
BB (BTATEE S ,2016) , AT 45 Rl REAFAE — &
AR R, IR ARG 5E AR LA Y 382 1 ok R B
BB IR ) 231 PP B A T R A B A
TEARZ 15 FARiE T, SRAP ( Sequence-related
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Table 1 Sources of 60 Pinus armandii test materials

RS 3 ZE
Source of clone Longitude
s 103°03'—103°55' E
Huize County
e AlIR=S 99°55'—100°25' E
Weishan County
B it 98°05'—98°45" E
Tengchong City
T 100°35'—101°48" E
Chuxiong City
M 100°44'—101°20" E
Nanhua County
HEH 102°58'—103°28' E

L1k FEAR B A

Latitude Sample number Provenance number
25°48'—27°04' 14 HZ
24°56'—25°32' 14 WS
24°38'—25°52' 10 TC
24°30'—25°15" 10 CX
24°44'—25°21' 6 NH
24°30'—25°17' 6 YL

Yiliang County

1.2 5 DNA #2E

B 4~5 MRANE, R A R CTAB %, $2HU4E
LA 2H DNA (3 & #5545, 2014 ), A 50 pL
TE buffer #i BT HEHUY DNA &£ 50 ng - pL', R
FH 1% 19 BB W 888 10 v, vk 64 R0 5 AR A7 T -20
CrkFH,
1.3 SRAP-PCR ¥ it

SEYRYHE B 151 P 5 K H A TE R R IAH G
B (ZEIEMS A5, 2011 ; 2500055, 2014) o SEFFEIE W)
R 51 W4 10 45, BEALAL G J5 345 100 X} 519
(3K 2)., LT FE T IG RETHE 15 X 2840k
B H 4 W RS SRAP S (3% 3), Il
SRAP-PCR 25 pL WK Z : DNA 4R 1 pL, Green

Taq Mix12.5 pL. ddH,0 9.5 L. iF [6 Fl 16 51 9 4%
1 wL, H.PCR ¥ 34 S W A2 :94 °C FilAE M 5 min; 94
CZM 1 min, 37 °CiB K 1 min,72 °C#E{# 1 min,5
AMEFR ;94 CZ5E 1 min, 53 CiE K 1 min, 72 °C 4E
1 min, 30 NMEH ;72 °CZEH 10 min;4 CIETE .
1.4 T8 7R M5 ok B 6 Bk BEL ik

W 6 wL PCR 9734 7= ¥ 1 2 wL 6 x Loading
buffer IR G J5 , i A F] 8% 2 VN 4 ik &2 58 i £L H 2t
A7 e Tk RS N, R R 158 A 230V, R PR [E] A 150
min, HLUKEE WS A7 58 B0 [ gL 6 B 5
TR ORAF G 0 4
1.5 #iE4LIE

B A BIE M AT B 2 BT, fE NS
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&2 SRAP3|#FF
Table 2 SRAP primer sequences

FF5 Em5I#1(5'-3") FF5 BG4 (5-3")
Order number Forward primer(5'-3") Order number Reverse primer(5'-3")
ME1 TGAGTCCAAACCGGATA EM1 GACTGCGTACGAATTTGA
ME2 TGAGTCCAAACCGGAGC EM2 GACTGCGTACGAATTCTG
ME3 TGAGTCCAAACCGGACC EM3 GACACCGTACGAATTGAC
ME4 TGAGTCCAAACCGGTAA EM4 GACTGCGTACGAATTTGC
MES TGAGTCCAAACCGGAAT EMS GACTGAGTACGAATTAAC
ME6 TGAGTCCAAACCGGAAG EM6 GACTGCGTACGAATTAAT
ME7 TGAGTGGAAACCGGTCC EM7 GACTGCGTACGAATTCAA
ME8 TGAGTCCAAACCGGTGC EMS8 GACTGCGTACGAATTGAC
F7 GTAGCACAAGCCGGAGC EM9 GACTGCGTACGAATTCCA
FME6 TGAGTCCTTTCCGGTAA EM10 GACTGCGTACGAATTGCA

R3I LR IS5 SN SRAPSIMFIIER

Table 3 SRAP sequence information of the 15 pairs of polymorphic primers for Pinus armandii

SIAE Em5IY(5-3") 518 (5'-3") R R
Primer combination Forward primer(5'-3") Reverse primer(5'—3") Annealing temperature (°C)
ME1-EMS TGAGTCCAAACCGGATA GACTGAGTACGAATTAAC 53
MEI-EMS TGAGTCCAAACCGGATA GACTGCGTACGAATTGAC 53
ME2-EM4 TGAGTCCAAACCGGAGC GACTGCGTACGAATTTGC 53
ME2-EM7 TGAGTCCAAACCGGAGC GACTGCGTACGAATTCAA 53
ME2-EM9 TGAGTCCAAACCGGAGC GACTGCGTACGAATTCCA 53
ME3-EMI TGAGTCCAAACCGGACC GACTGCGTACGAATTTGA 53
ME3-EM10 TGAGTCCAAACCGGACC GACTGCGTACGAATTGCA 53
ME3-EM3 TGAGTCCAAACCGGACC GACACCGTACGAATTGAC 53
ME3-EM5 TGAGTCCAAACCGGACC GACTGAGTACGAATTAAC 53
ME3-EM8 TGAGTCCAAACCGGACC GACTGCGTACGAATTGAC 53
ME4-EM1 TGAGTCCAAACCGGTAA GACTGCGTACGAATTTGA 53
ME4-EM2 TGAGTCCAAACCGGTAA GACTGCGTACGAATTCTG 53
ME4-EM3 TGAGTCCAAACCGGTAA GACACCGTACGAATTGAC 53
ME4-EM7 TGAGTCCAAACCGGTAA GACTGCGTACGAATTCAA 53
ME4-EM9 TGAGTCCAAACCGGTAA GACTGCGTACGAATTCCA 53

oty R AR R S50 45 B 1) 2R VN s 0 I H vk A TR) —
A7 S5 YE BT Y 25, 1“1 oA BB B A g <07, B
MIASTE B T 850, TR B (0, 1) JE RS, I8 3% 4%

XA EAF T 2R

FIH] Excel X5 60 B4 1L # i 47 2 AL 8
¥ 2 &M E 4y g ik it 5 Jd it POPGENE
version 1. 32 F3H 4 E AT 35t A% Z2 1R 43 A [ W)
G (Na) A BCEALFE L (Ne) (FE 2 4F
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Fig. 1 Agarose gel electrophoresis detection results of Pinus armandii genomic DNA

BE(H) 2280 s M NTSYS 2.10 #fext 6 A~ i
AE I FAIEAT IR TR RS,

2 HR G447

2.1 £ | EFE A DNA REE R

KA IAA RN 4] DNA FH 1% B9 Bat B B 88 fie A6
WA FANE 1 7R, DNA 2571 1 M ELJC Hi
FIVRBORG , vl 2 J5 82 2R
2.2 SRAP-PCR #1845

15 3P A Z 851 x5 6 AFhiEIE 60
BRI 1A TePE R IEAT PCR 9734 iy, g3
o165 AN, HE RA TE 4,

MR 4 TTLUE 7R 4 R R, A2 LA 2 800
SE S (PPB) N 85.05% ; 1E& RN, & 4 Fh
JE 1Y) PPB N 41.24% ~81.96% , F-21{H }959.37%
PPB AR B (YL) #iE, N 41.24% ; PPB 1%
T RS b (TC) FRUR, O 81.96% , BAEILIFA 6 4
FEARYE PPB K/NHEATHEIT . 1B o (TC) > &%
(HZ) ># 1 (WS) >HE Mt (CX) >m % (NH) > H B
(YL),

2.3 BIEESHEMS

IR 6 AT R ) Nei’ s 3t R 2 4 %
(H)J5F 2 0.187 3~0.323 4, %1 (CX) M1,
9 0.187 3, & vp (TC) M &% w5, A 0.323 4,
Shannon’ s {5 B 6% (1) I 0.277 0~0.471 6,
e (CX) BYBRAR, M 0.277 0, B o (TC) By Fe s,

R4 60 ML DNA AR BRI R4 RS
Table 4 Statistical results of electrophoresis loci in

60 samples of Pinus armandii DNA

EZYNEY ¢

Al PPB
Number of
Provenance area . (%)
polymorphic locus
£ HZ 138.00 71.13
il ws 125.00 64.43
Ji ap TC 159.00 81.96
# I CX 100.00 51.55
RifE NH 89.00 45.88
HE YL 80.00 41.24
SE-H{H Mean 115.17 59.37
P Fh K- Species level 165.00 85.05

H0.471 6, FFAr 3 L (Na) Bz i 1Y 02 15 o
(TC), A 1.819 6, AR ZH R (YL) ,H1.142 4,
A RS A B R (Ne) fe s 1Y 2 1B 0P (TC) , A
1.580 9, KAV = H B (YL), 4 1.269 1, 6 | Ff
DRI H RN 1 ¥ 3¢ B A% B R A 3 % A8 S R F1] /N
WK vh (TC) >33 (HZ) > B 1L (WS) > 75 1
(NH)>H R (YL)>HEHE(CX) (£ 5)
2.4 BEESUSH

i Nei’s F8 504 B 0T, 6 41 1A Fh IR AY 6
FENZHERE (He) o 0.342 0, Fh 5 Py 3k X £ FE v
(Hs) 4 0.220 4, &L RE( Gy, ) 4 0.355 5,
ULBHAEAE LA FR IR A A 35.55% 3 AG A8 S, TifE
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Table 5 Genetic diversities of six different

provenances of Pinus armandii

¥ HZ 1.711 3 1.460 0 0.265 2 0.3919
il WS 1.644 3 1.3872 02236  0.3335
i ok TC 1.819 6 1.5809  0.3234  0.4716
FEHE CX 1.5155 1.329 1 0.187 3 0.277 0
HHE NH 1.458 8 1.293 3 0.201 6  0.289 6
HE YL 1.412 4 1.269 1 0.201 1 0.287 9
SEHIE Mean 1.593 7 13866 0.2337  0.3419

: Na. SEAREEIEL; Ne. AREAEENE; H. Nei' s B
Z KM ;1. Shannon’s {5 BAE %L,
Note: Na. Number of alleles; Ne. Effective number of alleles;

H. Nei's gene diversity; I. Shannon’s information index.

TEINFAFIE AT 64.45% B 3845 Ak IR BL T 1€
LLUAR Fofr 5 PN P9 28 4% 3 Ak 328 SR i LA Aol 58 ] 149 35
oy b, A Il b A BB IR ) B 38 B (Nm) ol
0.906 5<1, K BIAE LLIFA &l fa] (1) B K A2 it 4 2
2.5 EEHEMUNESEEES W

SR T it — A 4 A A L b Bl TE) A B AR G R
XFAE LA i VR 1) 5t A% AH B R st % B B E AT
Br, AR 6 s, B3R 6 a1l 6 4
T 1 35 A% AL BE7E 0.696 4~0.951 1 22 [d], F- 3
H0 0.814 1; (LB FE 0.050 1~0.361 8 2],
SEEMER 0. 212 3, Hrb BRI B R R H R
(YL) MI£P:(HZ) (D=0.361 8) , i &A1 1] ity 15t
FEFARL B FHRTEE /N (Gs = 0.696 4) , BEHA'E R (YL)
PR (HZ) Z IR E G R I ; 2 (HZ) 5
Bl (WS) Z ] i 35 A& 1 25 5 /N (D =0.050 1) ,E
M2 B AL AR AL e K (Gs =0.951 1), X & B
SR (HZ) 5810 (WS) st 14 22 RN, SR %%
R,
2.6 BHKEIEE X RRBELH

HRAE 6 A~ 1L FA B IR 15t A2 AHADLEE | XA 1L FA Fh
TRHAT RIS o pr , a5 Rl 2 s, LL0.87
B, ARl bn 6 ASFIIERE 5> o =S 288F, Hb, &
FE(HZ) FgE L (WS) Bl oy — 28 2E 1 (CX) |
B (NH) VB R (YL) g R —28; B b (TC)

iR R Oy — 2K,
3o b4

AL R B (G ) 72 17 5 B R L I O3 A 7R
JE BB TS b, fiE B8 I 1 s B4R 149 35 4% 43 1k K
Vo MR G R/ 43R 4 PP L. G fE O ~
0.05 Z [a] B, A A 19 35t 1% 20 Ak K F AR RN FETE
Go TE 0.05~0.15 Z[a] Bf, R 35t A% 43 4k K ~F- Sy vh
IR Gy TF 0.15~0.25 Z[a] i, FhAE B A% 201k ok
IR 5 Gy KT 0.25 I B a5t 1% 43 4k K S 4 24
i (PNSCHE A5 2016 5 8 HiEA 55,2018 ) , A SE I 45
R LIRS 6 DA M) S IER Z AR (H) R
0.342 0, N EE P ZHE 4% (Hs ) 2 0.220 4,64,
0.355 5, Hist {5 48 53K 35.55% , 7646 1L A Bl I8 Y
H 64.45% M1 oAk, B0 T 42 Ll A Al Py 19 55t
e oAk R T A LU Tl 18] (4 382 4% 431k, BRI X 6
SN DI s o A s R = ) N O S o |
Wheeler & Jech (1992) ff 5% & 38+ el A 2 K
RS A PR PT R B8 % 2 FE PR B R AR AR
AH—3, AN, R IBEPF (2006 ) 55 R 48 B 42 1L F Fef
Tl 4 AR R T R ETT RAPD 8% Z M
Srpr, Ho PPB R 71.42% , Ne 3 1.364 9, H l
0.140 4,7 °470.219 3, BiHHIX 4 PFHIE 64 M A[H]
M 2 R K, ZM TR B EZHEEREE,
RS2 5 A B P (2006) FIFBF5E 1) [6) — Fh - )
WAL EHEAT SRAP 5348 ZFEVE I3 1T, 1531 2 25007
% (PPB) 585.05% ,Ne 25 1.386 6, H 3 0.233
7,14 0.341 9, KIS H B &S, HF 408
A8 RAAFTE TR . T RAPD fric A B H
AEE AR, P IG5 YA TROE 5 PR 0 A
RUZEI S5 R AT R — 8 1 R BR A T SRAP A
ic, 2k FRic oA 4 5) H RS E (JRRETE
2008) . i, #H L RAPD FRic ol ARG B0 £ &
HnT5E R A5 A8 545 8., [, A= el P 4% B Rk )
AN [R)FR B 1) 3 A A8 S, o A R A el P9 B I
i A AT AR LA A o R T A

A A RS, FE R (gene flow) A BT
P& = W0 FhOUR Y 38R 2 A MOKOF B IR A RE 2 AL
(Ellstrand et al., 1993) , Widen & Svensson( 1992)
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Table 6  Genetic similarities and genetic distances between various provenances of Pinus armandii

Tl 5 S il J# v Rt K HRE

Provenance area HZ WS TC CX NH YL
2 HZ 0.951 1 0.806 4 0.703 8 0.713 8 0.696 4
#i WS 0.050 1 0.814 9 0.703 8 0.725 0 0.718 2
Ji wh TC 0.215 1 0.204 7 0.885 8 0.861 9 0.848 7
i CX 0.351 2 0.351 3 0.121 3 0.929 7 0.920 2
M NH 0.337 1 0.3215 0.148 6 0.072 9 0.932 0
HE YL 0.361 8 0.3310 0.164 1 0.083 2 0.070 4

T RGO 1, BRI b= A BE AR, T =M e E

Note: The genetic distance is one, and the genetic distance is the farthest; the above diagonal is the genetic similarity, and the below diag-

onal is the genetic distance.

HZ

WS

TC

CX

NH

YL

0.74 0.80 0.87 0.94 1.00
B Coefficient

K2 6 DA ILARRR I 1 R2E A

Fig. 2 Cluster map of six provenances of Pinus armandii

Giit T 124 FOEPI I (Nm) O A5 AR
XTFPRE AL M AL K, T Wright (1950) TAH 4
FEWR Nm<1 B, 38815 AR S8 3 80P B 22 (] 7 75
Bt Ak i R, A F e, R
LA R 114 R PRI ( N >0.5) DB Sk 1) 488 s /K
B 5 A 2 BB KR B B W04 A8 TR AT e R A
WHEAR I IR EEBEAL AL R 8 | F AR B 1E
PR TN 588 25 B IR T RO (B F S, 2014 ), AS B
FAEREW, LE IR LA TN TR Nm=
0.906 5<1, Ut BIAEIRAE 11 #4 6 A B ] 3 P 52 I
IKEFXS BAR , A8 LA 1) 35t 4% A8 S5 = B AF A T D
TP, BRI YA A RO R SRR 22 0] ) 35t 15 25 7
WK, WA 258 BRI, v e R A7 55 A
M AC , XFEAAUA FH T4 w2238 B A 1, A

Bf A ] 32 5 RS AR G 56 R R DT B A R A
Tk,

TEHEAT ML W) 38t A% 22 A 43 B I, 352 15 BF B 2
— > FH 2k 52 By o AR A 5 ] 5 £ 78 S K 7 B st A%
SACRREE W T AR A, AT R Z P AL S B AL R AR gt
S8 (MEZEW4E 2017) . FIH] SRAP 4» T-FRic
FARXT 6 AN ILARFPIE I 60 A FRAREEA I TR
A3HT R PR AE A K 0.95 BF AT AR L2, Hi
S (HZ) Mg L (WS) PR s B R — 25, 2B I
(CX) .FgHE(NH) & (TC) VK (YL)4 4 Fh i
S BRI —Z AE BE Sk 0.87 B, 6 AP 6 4%
Bl =k Hoh B e (TC) B Ry — 2, &%
(HZ) Fn#g il (WS) Fhili 73 — 28 B2 (NH) \H.
R (YL) FZEME(CX) =AMl R oy —25, Ui i
SEE(HZ) FBEIL(WS) Z IR SR 4 R,
TR ] 1) 35 2% 0C 3R 5 40 A 1 b 3 5 A7 7E A
Kotk — RN, b E R T A R L A%
REABBCON T, SCIREE LR, M &% (HZ) Fi
U35 R 1L (WS) i 5 bl 3 o — 25, I SR K ol
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