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A total of 63 clone parents (there was repeat in the clonal parents) and 320 open-pollination
progenies were identified by 10 polymorphic SSR loci from three configuration areas of a Pinus
tabuliformis seed orchard. We chose the parent and progeny population of ninth configuration area as for
our study on the relationship between fixed configuration and mating system. The results showed there was
a high genetic diversity in the seed orchard, progeny population had all alleles detected in parent
population, and even had some new alleles absent in parent population. In the analysis of the mating
system at 80% confidence level, the exchange rate of the configuration area had reached 100% ,
indicating that most of the mating system of P. tabuliformis seed orchard was based on outcrossing under
the fixed configuration. The average neighbor mating rate ( <7.07 m) was 21. 90% ; the rate within and
beyond 40 m was 71. 43% and 6. 67% , respectively, indicating that the distribution of pollen in the fixed
configuration was relatively uniform, and the range of pollen dispersal was widespread. As to the study of
gene exchange between the configuration areas, we found that each of configuration area was affected by
pollen from the other two configuration areas to different degrees, indicating that the gene exchange
between each configuration area was relatively sufficient. In addition, we found the rate of contamination
by pollen outside the seed orchard was as high as 11. 88%.
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BE A4 7 b B R RS R R s 1E 2R
(genetic diversity ) FIIZZ it R 4t ( mating system ) J& 5
PRl fFee ol B 5 RS H R 5= e 5 b i
AU AR R TR DR AR T £ ok A AR
DXAEARLAEE S 1 3 IX S ) AN [ A0 R AR ERLIt , # AE F
ity Pel Ttk R AR B MR Z AT R T AR Y
WAL IR A P ) B R A A A T A S A
P X ke A PR b DX 3 I A A 2 £ 7 el O
PERBHA S F RS 2R S SR R GR O B =
R T, FLA) R Fel 1 Jo Pk 2 22 5% 1 E X
ATCHE AR LA A A58 v 18 4 b 1 e R
[ 5 P DA (A B 1 2 W B o 114 28 i
RGO AEAF AR o BB G )% 4 A 1
FRELMC R AR e A B L

TS (Pinus tabuliformis ) SERSBHR AR T, 7347
THEAET 14 DX R IX BN A5 5 I
AR, AN R KA T D 70 AR, B
14 Zb A+ be , 28O IR ToHE R B T
THIR T e G h 1P i iR, — 6 el i o BRI T
AR AR IX N, Horh B8 B R R R 2k 3 A
AR ILARE R R RARAR, e o BE AR, b1 Pl ok
FNWEERCE, A — R FERE, WREZRRd
(SSR) J& ey B A M BURK B2 0 43 F-HRact, B B ARR R
HA LB PEE  NTREE KN A5 7, JF H 28
FEeE VARG #E2D TR DNA HIRY AR/, B
UELEAN R FE R ZH P BEHL 3 AR, D5 (5 Bir LX)
THRICTEAE W) 35t 1% 22 FE VE RIS TS 2R 2 v i 145945
218 FIH SSR 43FARic A R el (138 % %2
Bt B AR AR S B A 8

ASCRIFIHT SSR 43 F i X% A BRI AR
e [ 7 e A D - Bl JC PR 3R AR A A T 43 B
55, AR A . 1) A7 BR o R U5 T R st AL 2 A
R032) BB T R A S AR IR A 2 AR 2
S33) Bl P S R e 5 T E I B OO R 4) A
[F] P 5 DX 18 5 PR A2 0, e i Ay 12 26 el . R o
FRORE R R e i R A AR

I AR %

1.1 #Eihs

SR M S ST R X T Ik R BT A [
FAMAS RS % LT 1973 AEFE AR MR IX K AR
RO TR BB I 42 BEAH BUTCPE & 1978 AFE AL
WA R B 13,33 hm?, %M A 14 DECE
X, EFETCME R 350 A, A [l Be B X A TP & 20
240 A UF AL HES  BRATHE SN 5 m x5 m, HATH
14 M 40 AF  FEHER XS TE 10 m 247, Be BT,

TCPE ZAEARBIC I ALSE S, FE5LZE S m UL,
1.2 AEEERSLHR

IRIRHHE A TN S 8 9 A 10 43 4
Jic B XA, o5 8 X 20 MR, R S IR AR
9 X 34 NTMER, HE 4 K5 10 X 24 MR,
FE 6 W (BLEX BN THERAEL) , XA
TR RIAIEE R 12 m,

1.3 EMREHRRERLLIE

TR 3 ANELE XA 63 MR 144
Ko 5% B DNA 43 BTl At , I E - 80 C vk A8
TRAEE
1.4 #FEBEHBHHFRE

2014 429 HJK, 7E55 8 Fid B XCoR 4 3 AT
PERERE 7E5E 9 Bo B XORAE 12 AR oM R ER
L5910 BLE XCREE 5 DAFTCH: RERRAE D+
BEl A A AR L, — 3 20 AN TeiE R ERER, WA
ToPE 2 HARER IR T BEALER 16 KR fgust i% 5347,
HIE L 320 A FARAA, A7 el S 2% 0 R AT
RGO, RS TCHE R PRI T A T E X
TR SRR AL A B ER, f S ok &R bR CR R
20 A4, 43 SR I Fh 5 REA BLORR IR I H AP 800 ~
1000 KiZe s, FFORAFET -80 CHRIVKFETTFH .
1.5 = DNA B4I%

FIH] CTAB 2 BURE AL 63 BRIJCM: R 119 DNA,
FIFH RAR R & B - AR A FP - IR 9 DNA, DNA
(e BE NS EE H 1% SR WEEE A riL UK #EA TG
1.6 SSR-PCR &L

SN AR A BN SRR 20 wL, 1 x Buffer 2% ot
7,0.2 mmol/L Y dNTP, 8 B 1 i 1& Wk £ 4 250
nmol/L,250 nmol/L SSR 5[4 ,30 ng JE[H 241 DNA F1
0.375 U By Taq [ ( TaKaRa 2E77) . PCR ¥ 34 J i
T M0 B A TR A .94 °C TS 4 min;94 CC30 s,
60 C30 5,94 €30 5,20 MEFH ;50 °C30 5,60 °C30 s,
20 MEIR ;72 CS min; fR47 4 °C . WP HE A,
AT B HL KIS SSR 7 BOF LR,

1.7 S|¥iHiE

ARUMFFERL S 102 N H FE B e 5 19
3101 Xt SSR 5 Wy ik i 42 XA B ok
WY SSR 514, Zead 2 W EE & ik ), PR
T2 e R E Y 1 1Y 10 XF SSR 514 i
AT RBLEE  F o5 |y Bk 1,

1.8 EESHIW

BRI 2 B 4l f Uk L, I Genemarker
TR AR A TG (B 2 B, FF 90 S A RO o5, F)
JHH AL GeneAlex6. 41 Fl Fstat293 8 45 K 1AL
NI e S I G U X VA I T G @ B (e 2
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M “Jy DS2000 A4 F#5ric,1 ~ 8 A NG ACIE/E R :00 /| represents molecular

marker of DS2000, the number from 1 to 8 represent amplifications from different primers of Pinus

tabuliformis.

BT A5 1409 PCR A

Fig. 1 Primer PCR detection of Pinus tabuliformis

FERESE E B L S 80, AT Cervus3. 0 #EAT T
FREAI T

2 HERERH

2.1 MTFEEURELAEESHESEFARSTR
BEER 3T EE o A

FIFHHVE L 9 10 X5 SSR 51 4% - Bl 14 TG 1k
FRERBE (& 63 A TMER ) AIFAUEEAR (7 320
AFA) ST, FATTAE T ToME REA A
s B FE AR IC B2 ~4 DRE, R
2.700 , A RGE AR IC O 1,630, AT A I Y
A JA2 A5 1 0 B N B i S Y BN A8 R0 S 7 b i o
PR K, A5 SR E] T 4.000 F11.617, 129 fif
SRR, JoE R FEARBEIRAY Shannon ZFEYETE 5L
st 1% Z2 88 B - M 43 513k 8 T 0.599 i

0. 369 , Ut BHIHFA 1) — OB AR A B HAT R AP it
fEIEl, JoME R B A BE AR 197 200 2% 5 B o
0. 446 Y EBE A A R 0.366, X B F
H-0. 191, VLB EARRHA R 24 & Fid i, i 5 T8
P(F1),

TE AR 10 X SSR 51477100 56 5] (1) 25 57 A
IR 2 ~ 5 ASREE 3428 3,000, #H LT
SEABEME 1 0.300, 9F H, FARBERTE J10 J11
120 .J29 J42 i1 J48 f S B T R S AR IS T
TR A BEF AR IC T ECE BT 1. 129 ~
2.090 Z 6], SEHIME N 1. 576, 3% 55 S5 A TR LA
H—3, TICHHARY Shannon ZREEFEBIMIE £
FERE B F- Y08 43 5124 0. 589 F1 0. 338, 5 A BE4&
FEARAY . FACHE AR RS- X0 2% & B ) RS-
LA FE AR5 0,371 A1 0. 338, MR T 2B AR BEAA

®1 MFEXTURFASFREGERESHFNE

Tab.1 Genetic diversity of the parent population and the progeny population in seed orchard
- s it ﬁ%jggﬂ Sm“ggﬁﬁ I < T T
S8 Observed Mean expected
Locus Sample number Effective number Shannon’ s Gene diversity
Mean alleles heterozygosity heterozygosity
of alleles information index
19 63/320 2.000/2. 000 1.324/1.253 0.410/0. 355 0.247/0. 202 0.286/0. 228 0.245/0. 202
J10 63/320 2.000/3. 000 1.487/1. 581 0.509/0. 575 0. 329/0. 368 0.413/0. 475 0. 328/0. 368
J11 63/320 3. 000/3. 000 1.986/2.010 0.762/0. 831 0. 498/0. 503 0.762/0. 619 0. 496/0. 503
J12 63/320 2.000/2. 000 1.747/1. 467 0.619/0. 498 0.433/0.319 0.206/0.216 0.427/0.318
120 63/320 3. 000/5. 000 2.106/1. 692 0.851/0. 759 0.527/0. 410 0.810/0. 411 0. 525/0. 409
J29 63/320 4.000/4. 000 1.297/1. 172 0. 479/0. 334 0.231/0. 147 0.254/0. 125 0.229/0. 147
Ja2 63/320 4.000/4. 000 1.617/1. 887 0. 689/0. 843 0.384/0.471 0. 460/0. 508 0.382/0.470
J43 63/320 2.000/2. 000 1.190/1. 129 0. 296/0. 230 0.161/0. 115 0.175/0. 122 0.159/0. 114
J48 63/320 3.000/3. 000 1.837/2. 090 0.764/0. 872 0. 458/0. 522 0.571/0. 625 0.456/0. 521
J50 63/320 2.000/2. 000 1.709/1. 479 0. 605/0. 505 0.417/0. 324 0. 524/0. 381 0.415/0. 324
-3 Mean 63/320 2.700/3. 000 1.630/1. 576 0.599/0. 589 0.369/0. 338 0.446/0. 371 0.366/0. 338

/7 RS e MBI AT, AR A 3545, Notes: the data on the left side of slashes belong to progeny, and the data on the right side of slashes

belong to parent.
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WA /N, AR B R AR B [ 2 HE 5 F
N —0.071, SEABERM 22 R K, (A B 55 T 36 A B
w(£1).
2.2 FIRERKERESEEMRERXRR
2.2.1 RERHA

BERC & XL 34 BRI R EA, Hf 100 #RSE

& 2

ASHRR N 12 BREER 45 B 16 i3t 192 A Fp
FAYERTFAHHAR RIS S B DR 5 4807
AT ICME R AR, B R O PE R BARR 2 R
K5 m, RFPE 12 BREERBEALE B BCE XS A
B OREMENE . F RN RER TR,
AR T 2R SRR 22 18] R P 5 5 HEAR (81 2)

TR B E

Fig.2  Clone configuration diagram

2.2.2 $9mERFRRIASN

1) RXAYEE 10 XF SSR 5 H)7E 80% Al {75
THEWT 105 A~ F AR B S ACAR, 5 OE B
54.69% , Al RE XA S EEAR AR TR0 0,
VLI I FP el X TG F 28B4, se ey SR LA SR 38 &

2) B DX 12 BB ) TR A AR 4 B 43 AT
TE 80% EAFFET , 12 BREER i BER S05,S07 il S34
PR BERBE S 1 2 A e K LS ACARBGA RN T 11,
miHA 69% . HoAth BEAR Y 74X 1R BE A5 1 a2 1) L
S HRATE 38% ~63% ZIa) (£ 2), B X H
AR N0, FARIBE] T 100% , vhd B e & X iy
TR USRI E(FE2)

3)55 9 BB XN 12 A BERER RN T L8 R
TEAHT (B 3) o X 12 AR — R AE 1Y 192 i f
THIAER I IEAE 2, 76 80% Al {5 BE N, BEMS i &
BABER TR AR IR, B, BERE S04 1) 7 R
FAER 0k 3 ACA S01.,S12 . S13 £ 829, Hivfiok
HACA 29 IAEmE H I Z N 3,

4) 559 [ e X N A8 B 1% 45 HE B I %3 8] 4y

ks e, 78 80% &5 % T ,192 Kifp 74 105 ki
B T E A B 54.69% 1T AU E T
TEHARUR . FEFEAEAE R UR Y 34 MRV TE T R AUA
H A 28 NICPE R BEME T A RN, H e K B
TR fe i A ARTCME &R R S12, Hoor kR ik 2] T
6.25% , HAth 1) Jo Pk & B AE 5T Bk AE 0.52% ~
5. 73% Z 8], AE K53 (1) B 5H BT Mk 3 5 400 1 46 HE 2 2
AWAGHOE R TR B AL y = 0. 06e” > fif B 13X Fh
ZhiAE, Hd R =0.66 (K 4)

TERANFRACASK I A 21.90% 146K K
HTFAREToE R, BMERRIE 2 /N T 7. 07 m; fE K3 1%
FERE B AE 10.00 ~ 14. 14 m Z [8] (9464 U505 1o
16.19% ,7F 15.00 ~21. 12 m Z[a]# /5 L 26. 67% ;
AERYTRAE 22.36 ~35.36 m Z[H) 5 1 28.57% , K F
40. 00 m MIAEMIER A7 Lk 6. 67% (K15)

RO L el T o el 21 B U B S PR ol O L i v
ANECE X Z AR ES 7E 100 ~ 500 m 2Z J8], 76 &M
B XA B eh | BOAR 25 A TE X AR
B ANBORIR] AEARAIF 5206 FE 1A 2 A e B DX A 3 [
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Tab.2 Paternity analysis for twelve mother tree
WERAR  BELARR  BERAR
BRI AR TR TR iy %x AR L SRR FACH SR RS
Mother tree Analysis Number of Rate of Number of Number of Outcrossing Number of Self-crossing
number seeds determined determined determined outcrossings rate self-crossings rate
male seeds male seeds fathers

S04 16 7 0.44 4 16 1 0 0
S05 16 11 0. 69 8 16 1 0 0
S12 16 10 0. 63 6 16 1 0 0
S14 16 8 0.50 5 16 1 0 0
S17 16 11 0.69 7 16 1 0 0
S18 16 10 0. 63 7 16 1 0 0
S19 16 10 0.63 6 16 1 0 0
S20 16 6 0.38 4 16 1 0 0
S22 16 7 0.44 6 16 1 0 0
S30 16 7 0.44 3 16 1 0 0
S33 16 7 0.44 6 16 1 0 0
S34 16 11 0.69 9 16 1 0 0

11 Total 192 105 0. 547 28 192 1 0 0

F3 59 BB X FRAA KR

Fig.3 Paternal origin of ninth configuration area

A X SRR R 2 . RATRI, & E
X R A A P T XA AR SR TR, 30 4, o [5e] 54
8 ML E X ALA 18. 75% ALk >k F LA AN B & X
Hrpok B4 9 FLE X WAER A 12.50% , 2k A T
5510 BoE X AIER S 6.25% (% 3) .

G, 10 X5 SSR 514 56 ke IAE 26 A BEAA AT
P& B AR T R BLR S ARiE AT 12 4, b
143K T 6 A~ SSR v i, — L4l T 38 MFE

T, A SR AR BB S
11.88% |

3 Wik E4iR
1) BRI T 70 1 2 REPE R, 15
EL A R  Pinuas) SUTIFIC A, 5 B S 3

HAT VA0 1380 4% 22 REE  (EL S A () 9 A Ao 2 (1] B
JEAE[R— R M A R R Z 6], B AT 1A A R B g A5
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* 0 ¢
1

1 1 1 I
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>

T BB F Distance of pollen dispersal/m

K4 AER AR R S AT STEbR L M C R
Fig.4 Distribution of mating frequencies as a function

of the distance between parental trees

5 ASTA] A6 1 HE R B R 52 T LE

Fig.5 Mating ratio at different ranges of distance

*3 BEERZEMEREZRE

Tab.3 Gene exchange between different configurations

55 10 B X

Tenth configuration area

559 BLE X

Ninth configuration area

‘ 8 EK
56 F4% . .
Wl X ok Eighth configuration area
pond|
Configuration TG FEIZE T
Number of
area Number of Rate of gene

detective seeds

TEMMGIEEL  FERZE T L
Number of

TEMEIEEL  FERZE T
Number of

Rate of gene Rate of gene

pollen dispersal  exchange/%  pollen dispersal  exchange/%  pollen dispersal  exchange/%

5 8 ML H X

48 29 60. 42 6 12. 50 3 6.25
Eighth configuration area
559 ML X

192 7 3.65 105 54. 69 10 5.21

Ninth configuration area
5510 FLEIX

80 2 2.50 15 18.75 34 42.50

Tenth configuration area

RO B F R 22 KRR, BRI 5 Tl
P SEA TR AH AL T AR 0 22 B 5T 1 LA A B AR
()384% 22 W BUME A BT BEAIG, LL Gn 245 F0 3L T
2007 41 2008 AEAHFY 1) Hy e b S A Fh - el i 1 22
A TE 9 0.529 ~ 0.575 1 0.479 ~
0. 4931710 43Hr J5E [R] 2 2 FLYAT 3ph B Aol el 2 40 2
AR 5 R A A b XA P B AR v ik A e 4
(), PERESER AN, DA Z (B st A% 2R 22 A K
3 TR T 2L AN R I (B 5E 6 AN RRIAR Y
SRR 2% A E RN XA ORI 2% A BE 43 R 0. 329 Al
0. 285" X AR FAF I RO RE, 40 b7 S5 R 2 55
Tl e el JC PR 2R AR | T RS R VA A
PERRR A OC,

2) FhF I Tt R IR S AR AL 2 R
255t o AT AR R L Z R & B A Pel IX
FEARA SMRAEA PR IC BRI I, X AR 7F — 2 FE I
MU T RTINS AG 2R B A X E R AR
()35t 1% Z2 P U0 B AR AR U Ao AL SR A AR
(35t 2 eI B AR R R K 40 A 1 24 5 1 B
T oRATEAR 76 SE BRI 2] 1 2% A Fh - o 43R
T EL R A HESEA TR AN R i F 22 SR AS 3
JEH, PR S AR R A 20 G Fid
MG AAIRGAT A TR T IS I 2 156 B A7 [l

YL E BTS2 1 AN [R] ot 2R 22 8] A L R 32 i, ke
B T —E M AESEE

3) Fhy b A2 B RGeS L E B B R R OF
G H R LI [ T A o Bl R LA A
WA ok 25 R AN JE B Rl F 5T b K B A0 R (P
koraiensis) W) 5 38 2K A 0. 966"’ , B R #S (P
sylvestris) A 0.950"" AWK BFSE I A2 Rk F] T
100% , MRS 156 WY 75 1 5 e & i i, dli A b 5
R IR B a1 1 57 38 7K, 33 A 1 7 b1 el 1 35t
PR E L . ST R H SR Y a)
B RATNN . — 7T, AW TE 80% BAFFE T 40 bt
(AR BEIR 538 R0 100% , I AS AE 1t B HoAth (1)
RAIEK A T 522, ATRERR 7 A 28 7 BA i 56
21 ELATREHS 4> A SR T A kY A B T
B30T 5 75— 5T RN A Bk AR ey
AL, R AEAL TR SRR T, X ARG B 22
TACHY AT BEPEAT B, 17 HLizm 5 bl Jo v R [l 6P
H AL 555 T 758, it UA S BRI 1Y H
SN0 MYBRG AL PR I 158 B AS YR AT 5 1) o el
SR FASEMAR/ N AWFFEAESS 9 WL DA € AEH
AR LA (54. 69% ) LLAEMREL S AZ 00 E 1Y 42. 5%
R AEAS SR TR 1) A Bl A A A 20 7 L Vil b o 1 el
SE T 44. 8% AL R IR (A5 80% ) AP 2L, il
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D e AE R R R A3 A 1z [ e B AR JE AL
o7 R 35 2550 1 XoF T DX P R A 3R P T — 2
S, 7R ERCE TR, BAT R AR AL L
FERIRE T 21.90% (] 5) , g R IEAR S =
200408 o e B A5 N AR 27 0 I 408 R A [
JC T X THPA G 1 4 B T 2R ] B 38 e =%
it AT B 5 [) st ol el 30 I 8 A e P 5 R T g,
ERZ NS IR Ny 7 S B i 8 & -l 1 R~ S a2 =
H A 5351 2 5 S sk R R HOC R T 5
By =0. 06e” ™ ff B T X Pl sg BB (Kl 4) , Horp
R? =0. 66, 1] WAEA: ) 258 vk R Bl 45 1640 15 45
P I T2 A8 /DN 3k — 3, K i T I K
VX [ 2 P A2 T 2R 48 Y s ), 45 R 5 A 6
RSP T BB T AR AL R R B R B Tk 48
BRI [RIRR AN T 3 AR o 2 (R AR B
HA FFPOCZR L RE S 16 I 6 B 1 15 1) 1 28 2000 77
[ 2 P BT RS TC A &R B se it X 3 T —
FEREIFAER

4) AS[R) T B X [ f4 35 R 58 3 e b1 el A0 ok AE
Brsg i, AURBIFFE & BRI PR AR 3 ANBCLE X
Z A EE RS A AR, iX 5 44 L X 2 (8] 1 B
BIRCY MR B A G, s 8 9 FLE X 2
(] A B 00T, R LT 5, 3 P A T i IX 2 ) ) 3
PRI A Yt B i D10 5 9 L, B el 4 A ¥y 3 1) Ay el A
R, 16 B R B R A — g s 5y Ah,
WF5E & IR T-h A 11. 88% HyH K ALKy, 3% 1] BE>
F T B BTy L e 5 %) St o 7 el i X

TEId RS FRAT R B, DAL B M A5
BLHI B Rl [ 38R 8 i R 25 7= AR AR 2 25 4T
AT S M = 14 A 77 385038 s A ol - el AR A AR
AL BRIRILA BT T RS Ry ik, 76 Fh 18 i 0 1 &
VEPE AL B b AT 2L A B 1 LA GRIE R Tl A v
ZERIK o X AU S 345 11%) 2 FEL YT A PR [
FE B AT AA R T, FRATT 0 A5 2 0 B 45 AR
IS BE A B AR o A o 7 el EL A 8 v 1) st 2 R
FEAETCME R Z A A 25 7853 1 SE IR A 0, FACHEAR
REAS ORRF 5 2R AT AR XY 138t 1% Z2 R 7K F- , 0 BH
Tt el 7 75 A s 6 TG R (1R R 2 AN R 8 15T T AR
TRARBET . A, 76 e e ARh - Fel B, SN2
M FpF-FE S L R G 1 2 R T, Hean e fel bk i
P CHER MR R R BCE T AL B AR A
R PRy T, R R A 5C B H S B, DT
R el A e i A e R
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