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Species Identification and Genetic Relationship Assessment of Pinus ( Sect. Pinus)

Related Species Based on Morphological and Molecular Markers

Fu Xiangxiang Zhao Hu Wang Yu
( College of Forest Resources and Environment, Nanjing Forestry University ~Nanjing 210037

Abstract: Many pine trees of Sect. Pinus are distributed throughout China, and are important species for afforestation in
China. Seeds and seedlings of these closely related species are similar in morphological characters. It is difficult to identify
them according to their morphology. Seeds and seedlings from 11 pine species were identified by integrating their different
morphological characters of seeds (1 000-seeds weight, seeds shape and color) and seedlings ( number of cotyledon, color of
hypocotyls and seedling height) , with their ISSR and SSR markers. At the same time, genetic relationship between those
closely related species was assessed based on information from SSR markers. The results showed that P. tabulaeformis and
P. caribaea were easily distinguished from 11 pine species according to morphological differences of seeds and seedlings, and
10 of 11 species were identified accurately based on ISSR and SSR markers. However, no species-specific primer (loci) was
found to recognize P. densata because of its complicated genetic background. Genetic relationship between 10 pine species
based on 41 polymorphic loci amplified by 5 pairs SSR primers was similar with relationship of traditional taxonomic groups.
UPGMA dendrogram demonstrated that 3 taxonomical groups were clustered at the similarity coefficient of 0.6. The first
group consisted of P. massoniana and P. densiflora. The second group had 6 species which further were divided into two
sub-groups, with one sub-group including P. yunnanensis, P. kesiya, P. densata and P. tabulaeformis; the other sub-group
including P. thunbergii and P. sylvestris. The last group contained P. taeda and P. caribaea, and they had relatively distant
relationship from other two groups, with the similarity coefficient of 0. 42.

Key words: Pinus; morphological character; ISSR; SSR; identification; genetic relationship

FAJR (Pinus) REFI A3 A5 F AL BR TR IR AT 22 B, [AREQD X 4% 1 JF R | 4 7T 48 ( Morgenstern et al.,
FOr R WAy T B A R AR FR, AN TL R AR (P 19645 Manley, 1971), EE R A: — LK R4
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(P. densata ) E=Z=FAM S5 AS (P. tabulaeformis) [
FACR AL TR AR AR A K W 9 AR F % 2 700 ~
4200 m B = I B (Rieseberg, 1997) , HJE & A
fif PR T 2 D SEARZE (Fu et al., 1999) 5 A
LN AR ol oA TR AT 25 M PR 0 78 S R FE AN TR) B A7
26PN B A B2 S s A E S
TR LI, £ T AW, 8 B e A", M 7E = M
T IS U A e ) e DX B AR s B AL T (B L
1996) ; A A E) PR 22 RAAE — E AR KR H
B BeA R B K (Donoghue et al., 1992) o X SEHRER
il 5 e B PR R AE A BT 4 2 b Y AT % (Gordon,
1976 ; Fowler et al., 1988) .

I3 FARIC AL T 5 — B Ab BT SR T
PATSER IR . WS AE R AR B ARG 2 AL AT L
Wy e 1) 2R A, I HLAS [ 7 56 PRy 728 S RO ]
MTTTEA 7] 73 26 25 2 b BAT — i Y PR <7 ¥ ( Chase et
al., 1993 ; Johnson et al., 1995; VF/N4>%%, 1997),
(] Ao Pl 2 B R B PR B A A B 2E R A
[) Ao A A ot B b [ 1A W) A B D, v — 2B
IFi] 7 1) Ak PR o A S B EL AT e B AR RSy 1, G 8
225 0l LU DNA 8 S0HOR #% B (Furman et al.,
1997) o FIFH 53+ Fr 10 % A BT gE 47 %00, 2R 34
AIARIC AL AR HEAE B B — & B PR STk, [ I B A
—E B S R R A ) B A 22 25 AE Fh N B
A FER R SFE . fERE KW = Z4E ], DNA FRid
R ) 53 20 o o 4 S SR AL T AT RO SCHE A A A
(Furman et al., 1997 ; Sun et al., 2005 ; Ross-Davis et
al., 2008 ; Koc et al., 2009)

fE4 2K Fhrid i, B TR B8 i (simple
sequence repeat, SSR) B A It Pt fe (B G P51

SEPERF 22 35 R AE A0 R, B T B R R
Y1, 51T & A & 5 1 ISSR (inter-simple sequence
repeat) 1 A S 7 SSR AL a1 TF % 9, K 4 ISR
Pric oy bR AL, BEH SSR FRid iYL s, X Fe ik 1
Howk m. —FH MR 2T RAPD ( random
amplified polymorphic DNA) , 7F A4k B S it & i) #F 5
i Lt AFLPs
polymorphisms) 5 2 3% , [K 1, SSR 1 ISSR #5ic H 6
JIZ LT AT G Al B 2y ol ) Ao 5 4 5 K A 5 Y 35 4%
ZHEVETEH (Hao et al., 2002 ; Balasaravanan et al.,
2005 ; RERAE, 2009; HKELESE, 2010) o

HN T 3 AR Ao £ 2 7 b T R IR R B B B
REEAR . —LESR 5 ¢ R BT A, Al Fs 2B Aol Aol
() Fofr DAY ) 29 28 22 A0 A 00 705 o 5 4 7 TR X, G b 1 AT
IR bR ME DL X A3, 3K 45 bRl AR 7R R AR
PN 7/ ks B2 9 i e O - & S Y D)
S X T R 1 SR A, b A U 4k B,
A 5 A% 1) Aol AR B AR Ol AR 7 0 5 e T, PRI
AR F R — 22 S T PR M B R Rl R4l B
WTT o ARWFFEA DT RS B AR SRR RS S
Sy FRRICTTH: (ISSR Al SSR) X #8 J& (WA 20 ) 3 %
Foft BEAT SIS 5, SR bRl A 7 e RS b T A 4l 4R
PR AR

O R S RS WIREN

L1 ##

L LT A A 11 HE (AN ) B A A Fh 5
KW 1, FpFAE 25 COUMBERMPHLET
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Tab. 1

Seed sources of pine trees

R Species

Fif 7 & P Seed sources

KIENS P. taeda

LA P elliouii

Jn# s P. caribaea

LB My P. massoniana

BN P. thunbergii

IHS P. densiflora

AN P. tabulaeformis

s P, densata

=Y P. yunnanensis

HLZENS P. kesiya var. langbianensis

BEFHS P. sylvestris var. mongolica

2 [E America(2)

2 E America(1); J7 % Guangdong(1)

i Cuba(l)

J7 VG Guangxi(3) ; #iVL Zhejiang(2) ; # M Guizhou(2) ; #& % Fujian(2)
11 %5 H 8 Rizhao,Shandong( 1) ; Ll %< # J Zaozhuang, Shandong( 1)
I &R [ Zaozhuang, Shandong(1)

[ VG [% 1k Longhua, Shaanxi(2)

7T J#& i Tengchong, Yunnan(1); PUJI| Sichuan(1)

= P 7R JE Midu, Yunnan(2)

= K ¥ Dali, Yunnan(2)

M)y V1. Heilongjiang( 1)

OFFF K W HE S N BCFHE Y& Fh F#E 580, Number in bracket in column of seed sources means number of seed samples.

1.1.2 314 kB SSR 594> 93k B w8 W Fh i
262 %t4% SSR F0 14 %Fit444k SSR(cp SSR) , {45 H

#y ( Vendramin et al., 1996 ) . X 4B # ( Elsik et al.,
2000; Zhou et al., 2002) . dt & Fx ¥ ( P. strobus)
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WRA A 45 - A0 B AL SR RO A 0 70 1 48 58 I R % 5 R AR 53

(Echt et al., 1996) JgFE¥S (P. pinaster) FlH 5 ¥ A7
(P. halepensis) ( Gonzdlez et al., 2002) ./NF+#5 ( P.
contorta var. latifolia) ( Hicks et al., 1998) %, ISSR
U3 0 N & R AEHE W R 2 (UBC) Wi IR 2
i i) 100 2% B 5| ¥ ( http://www. biotech. ubc. ca/
services/naps/primers/ Primers. pdf) ,
1.2 REHE
12,1 HABRKRAKELSMNE MHYE GB 2772 -
1999 CRRA b~ A6 452 HL AR ) ) 2 o~ 8 TR BT &, 10
AT RIEIR B AT MR Rl 0 B S R
BEALINE 30 Bk 40 5 - EORNE .
1.2.2 5 F 49 2% CTAB Fl i3 & 4& HU %
(Dellaporta et al., 1983 ) $2 B4 i HL X 2H = DNA | £
ASFhHEREALECRE 30 Bk 23 5 32 O R DNA | I3 53l
5 A RN A TR S R o 1% BB AR R I PR Uk
G 0 - i e

F) 43 Bf 5 ( bulked segregate analysis, BSA)
(Michelmore et al., 1996) fiii1%t SSR #1 ISSR 5|4,

SSR #"H &K & (10 pL) A: 20 ~ 50 ng f#J DNA
it ,dNTP 4% 0.2 mmol - L. ™" ,2.5 mmol - [~ Mg2+ .
ERSIY4 0.5 p,mol-Lf1 ,0.25 U Taq [if# (TaKaRa,
Taq'™) F1 1 x Buffer ( 10 mmol - L™' Tris-Cl;
50 mmol-L ™" KC1) .4 3% % I touchdown PCR F& ¥ .
94 °C 5 min; 95 °C 30 5.58 °C 30 s(0.5 °C | /cycle
%50 C) .70 °C 30 5,16 cycles; 418 KR E 50
CHf, FI2 4T 24 G305 70 C S min, ¥ 3 7= ¥ H]
6 %0 72V 2R TR M T M 58 J P K 3 5, AR G A

ISSR "8k & (25 wL) & : 20 ng DNA,dNTP
0.25 mmol - L™, Taq T 0.5 U, 1 x Buffer, 2.0
mmol-L~" Mg®*,0.8 pmol - L™" 5| ¥, ¥ 8% & )%
HM:94 °C 7 min; 94 C 30 5,56 C 45 5,72 C 2
min, 40 NEFR; 72 C 7 ming 1% JI5 BB AL Uk
A I
L3 HESF

GETTE W B SR 0 LUK SR, R 170 JE A
AT B G . % NTSYS 2. 1 ( Rohlf, 2000 ) %k {4
T SM AL S BOF #E47 R 2¢ UPGMA ( unweighted
pair group method arithmetic averages) 4347,

2 RS040
2.1 MFREEMHGERBERNBRE
L1 AR A Fp 1 K 2 B B9 2 SRR AE 5 1R WL 3R 2,

AN LR B 0 Bl MOIE 25 EARMEIX 730 N 2 /]
T, A AR (P caribaea ) FHAR B 5 B TEAR

B 5 o3 B, T LIAE S % 58 B9 A H 5 1 JH Al )
T FEAIE R WG L, 5 A B K R, B — A
At PR 2 LA 6, B[] Aol A ] Ao 050 1) 230 €0 22
Sl g3 3 R DA O S R A

ol TR o 2 R AR T ORI B R AR, R
AN [6) 5 AN AN T 48 0y 1) b it T BT o 22 S 80K
(B AR S AN 2 LASE MR ) 2 5 o AR 2 AR, RS |
CHEF b A AN A LG A 1Y TR BT B 2 AE 20 ¢ LA
e HARAY FRUAE 20 g DLTF o Fh O AT AR 4R TR A
(20 g 9 50) 8 11 AR AR B 20 o 2 R ROk
AL RN KRR TR AN AU F A VR
(iR SN]SR VNIEE <Y /AN 2 /AT TR /A5 S 2 /A o
kesiya var. langbianensis) .75 ¥ ( P. densiflora) Flf&
F#5 (P. sylvestris var. mongolica) ,

MG R PR 25 ) 22 S5 3 0K B AE IR il
I I R

i Ja AR T b 1 A 00 91 40y T VR Al € A AE 22
5o WL BT Wl (0 O Sk (5 B 4% B AT 0 i L
AV RS RN AR AN s AR R R a6, Jf
TR BT AW ] B A E

ST R A TR Y 2 AR A ) R i e R
WA & — B, A A IR ) 2R S AR R, W4 R
B, S 10 R S R P 2 (B R R 43 Sl
IBENT ~ 12190, A] B 52 DX T HG Al s G U2
SRR FA NS A, S ER A ) 8.0 LA . T H.,
A5 AR T A ) 7 S AR BT o R e A B 2
(E1A),

40 ¥ i BE A P ] L 2% S B S R A [ Aol 5
() DU 52 3) Fofp - T K2 B0 B B9S2 . AR 2 ol DL
H A A A A TR] 1 78 SR AR R B R 1 ~F- 25 K P
TERP AL A7 7E W] W 22 5 o JCHEL A L 368 t A 0 8 L A
(B{H 4539 A 6.35,7.89,6.08 cm) , B & w9l #
(¥R 5. 07 em) 5 WA T 14K XY = g F
A LA B e B E 20 510 3. 97 em i1 3. 87 em,
B DX 1) T A AR il (3R 2) o 2% BRI A B i 0 A 1
B0 22 S AL B (B 1B) |, 1 KK A F0I H AL 7 /5134 6
em DL B A ARGE 70% DL b, HRE AR B A
Fifrs HAWAS TR A 80% 7247 WA MR B mi £ 4.0 ~ 6.0
em Z ],

2N UIREEA IS 22O ST O R W R VA o Rl 1)
AN I FE AN S R o TR Bl T O B E /A
B T ECE S Rk 9 A B S T RORL R T
Hd /s D LA R KL =B R 6, KORL R
Ff b BAT H i i T IR s
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Tab.2 Characters of seeds and seedlings of various pine trees

S (A i
Ff 7 Seed ?ﬂ[;&( ™) . LS )
WEB Speci Number of cotyledon T I h 51 Height of seedling/cm
pees TR R/BE S i Color of hypocotyl s s 1 {i
1000-seed weight/g Shape/Color Range Mean Range Mean
e e s
SRR P - G B B/ W5 K - ~
KIEHS P. taeda 22 ~32 Wide ovate/dark grey 7~9 8.0 2144 Red 5.4~7.5 6.35
T, i Fe B IR i ~ .
TEHuAN P. elliottii 21 ~43 Wide ovate/yellow , grey 7~10 8.3 #1146 Red 5.5~9.8 7.89
. OB IR/ W K
\ ~ ~ ¥s ~
TN HAs P. caribaea 22 ~37 Ovate/ dark grey 5~9 6.3 2347 Green 4.8~6.3 6.08
. i[5/ .
ILENN P. massoniana 8 ~14 E]l?ﬁsééﬁnw 5~8 7.1 4% Green 3.6~5.4 4.38
. B/ IR .
A ~ = ~ 4 ¥ ~
MAN P. thunbergii 16 ~20 Ellipse/ grey yellow 6~9 7.5 2340, Green 4.2 ~6.2 5.10
KN P. densiflora 11 ~21 Elﬁp;ﬁplijz;}:(ev 7~10 7.5 Z5{4, Green 4.3~7.2 5.17
; - G IR/ Ay
SN ) - - ~
AN P. tabulaeformis 32 ~50 Ellipse/brown yellow 7 ~12 9.0 27 4% Red 4.2~6.5 5.07
. "/
= IUAR P, densata 11 ~26 Efﬁﬁpg/g}ey 6~9 7.0 4145, Red 3.4~4.8 3.97
— . 5/ )
NS P. yunnanensis 11 ~18 Elﬁﬁgpl:iéij—r(‘ey 5~8 6.5 21 {0, Red 3.2~5.1 3.87
225" "AN S —— e
SBAAR P. hesiya var. 13 ~21 IRl R 6-~9 6.9 2143 Red 43-7.5 5.55
langbianensis Ellipse/ grey
2% TN vlvestris ve 2
B fHy P sylbestris var. 5-10 I/ AR 5-9 6.2 215 Red 3.4-5.0 4.26
mongolica Ellipse/dark grey

OFh 7R T 5] A o EARATE Y R ) CE SO JR) A5 A bR AR AR S04 ,2001 ) F1¢ The Woody Plant Seed Manual) ( Bonner et
al., 2008) , Data of 1 000-seed weight cited from { Seeds of Woody Plants in China) ( General Administration of State Forest Farms, Tree Seeds and
Seedlings of State Forestry Administration, 2001) and{The Woody Plant Seed Manual) ( Bonner et al., 2008).

A: T3 Number of cotyledon

R 100 B
E % é 60 % % 9
E % é‘ 40 % % ;
e
° HO SH J H C Y G I I I
PATZFR Tree species
B: T Height of seedlings
9.0~10.0 cm
7
. % 8.0~9.0 cm
H éb §/ = % 7.0~8.0 cm
% § ED % % B 6.0~7.0 ecm
é:-é é) § % % 5.0~6.0 cm
E E 5 / .
HH g = / B 410-50 cm
* g % 3.0~4.0 cm

HO SH J M H C Y G
PR Tree species

1 A5 A [ Ik 50 e PR 1) 85 o e AR
Fig.1 Percentage of seedlings with different number of cotyledon and height
HO: KIE#S P. taeda; SH: JR ¥y P. elliottiis J. JN#h LAY P. caribaea; M: D B AN P. massoniana; H, J¥\ P. thunbergii; C. k¥ P.
densiflora; Y : ¥ P. tabulaeformis; G & I P. densata; YN =¥ P. yunnanensis; S; S35 #\ P. kesiya var. langbianensis; ZH; ¥&1#5 P.
sylvestris var. mongolica. T [d), The same below.
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2.2 SFRN PPRSF P E) A 72 53 19 5 X5 SSR Fil 5 4% ISSR 5| #)
2.2.1 slpfmik AR (BSA) 0 6 A5 Ff (£3),

#3 FTS 4R SSR 3140 ISSR 314"
Tab.3 The list of SSR primers and ISSR primers used in analysis

SSR ISSR
ElLk7 ElkZ 2] ok I 519 EIEZ 2]
Primer Sequence Reference Primer Sequence
F) AAGTTGGATTTTACCCAGGTG SN P. thunbergii cpSSR
TC)C
PT45002 R) GAACAAGAGGATTTTTTCTCATACA ( Vendramin et al., 1996) UBC823 (T
F) GCTTCTCCATTAACTAATTCTA) N .
X AG)gYC
PiTX3013 R) TCAAAATTGTTCGTAAAACCTC KRS P. taeda(Elsik et al., 2000) UBC835 (AG),
F) GGTAGATACTTTCCATGAGTTAGG
PtTX4092 ) KHEHS P. taeda (Zhou et al., 2002) UBC840 (GA)YT

R) TCTAGTCCAGATCTTGGTCCAC

F) GTGGGACCCCAAGCACT
GA),YC
PUIX4098 ) ATTGCCTCCTCTTTAGTCATCTCA UBC84l (GAYs

F) GTGGGACCCCAAGCACT
R) ATTGCCTCCTCTTTAGTCATCTCA

DISSR 5 FEH Y fLF“Ca“T”; RILFE AL G, “Y” in sequences of ISSR prime represents “C” or “T”, and “R” represents “A” or

RPS160 LT P. strobus (Echt et al., 1996) UBC855 (AC)gYT

“G

2.2.2 #)JA SSR A= ISSR Bt &% T A B A AP HR 4 KA B4 B A, o g 9 SRR 1S T 4R vk
o 0T 45 2 B 225K, RS FERD AR ~F M FE R ) A A8 5 34770, KAERATE 2 D51 2 AN 551 45l vl 16
MR S ATy s (K2, 8 3) . RIS X A% ok, U & IR B A K15 e S v = (5=
SSR G¥ 1 5 7% ISSR 5| Wy xH ik & 5 B Ak 3 4),

M H HO ] i ZH

[l 2 SSR 5IH) PUTXA098 % 5 7 4 4 I 1
Fig.2  Pinus species identified using SSR primer PtTX4098
T3 6 NUKIE A [F — MR 6 K, Every 6 lanes were 6 seedlings from same species.

Ml M2 M3 M4 MS M6 M7 Gl G2 G3 Cr-l Hl H2 YNSHI S Y SH2 C M’

[# 3 ISSR 5|4y UBC-855 X 343 # & W) b (14 4 2
Fig.3  Pinus species identified using ISSR primer UBC- 855
FEANTKIE A 1 ADFIE IR S 3 K, Each lane refers mixed gene pool from one provenance of same species.

2.3 ET SSRARCHME (HMMA) REXRSMT 15 10 DAAEAFIEN A H LR, ] UPGMA JE X}

il 5 Xt SSR SIMXt AT MR M= o0 dr, BT RGEERIE (K 4) b LEARBL R K 0. 60 ARKf 10
LR 48 DENLEE SR NGRS Fh 280 AR 3 DN IERE . AR 4 R, B A IR AL
M AL ZEVEG] ) 85.4% o AU NTSYS 2.0 RONSE L ADRRE; KRG R REUE M M i JEF M
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o LLAR TIAS SR — /N2 I g — /NS B R A AR A
AR 2 ARAE, B EH T IS5 AR B SO X

SLy G 3 ZERE N JOERA RN LA B S ET 2 2R
PRGOR R BOE , AL R KA 0. 42,

®4 ATEAMMEBERESIOMER'

Tab.4 Species-specific primers and fragments used in identifying pine trees

W Fh Species PRIt 25 Al Marker type

Y E G| Y Primer F B K/ Fragment size/bp

KRS P. 1aeda SSR
T HLAN P elliottii ISSR
I LR P. caribaea SSR
¥ P. massoniana SSR
BN P. thunbergii ISSR
IH P. densiflora ISSR
A P. tabulaeformis ISSR
Z M P. yunnanensis SSR
PR P. kesiya var. langbianensis ISSR
1T Hy P. sylvestris var. mongolica SSR

PITX4098 + PITX3013 * 192 +135
UBC840, UBC841 380, 1 080
PtTX3013 135
PITX3013, RPS160 110, 130/150
UBC823 1 100
UBC855 410
UBC841 1 450
PITX4098 , PITX4092 245, 95
UBC835, UBC840 1 450, 650
PT45002, PtTX4092 140, 150

@ = 2 5Bk G Y% 5E . * refers that species was joint identified using two primers.

_[ LR P. massoniana
FFEE P densiflora

:mm P. thunbergii
HETH P, svlvestriy var. mongolica

Z RS P yunnanensis

"_E SRR P. kesiva var. langhianensis
HE 2 P. densata

W P. wabulaeformis

|_ﬂ(ﬁ_‘*i\\ P 1aeda

I—b I RS P, caribaea

0.42 0.56 0.71 0.85 1.00
Coefficient

B4 BT SSR FRiCH @M 10 AL JE MR R 406 R
Fig.4 UPGMA dendrogram showing the phylogenetic

relationship among 10 pine trees based on SSR markers

3 e

3.1 ME(HRE)MMERE

v AR 20 ) 8 3 4% A Oy 3 5] A 32 22 38 Ak
P, HAT AR i A A A N PR, I S AN AL
TR LA A5 o AFLH T T AR 3 1k D7 S0 A ) FL B )
12 1 BE PR B8 U, 30 % P ) 0 B AN R D A S A
PEI 2 3 534k (Bucci et al., 1998) , KT 22 F 1] (Y
R EX RN . RV Z R F T 4h i A
BUAE A4 (8 A5 R A 5 BEARARL ;. 40 AP | W e (il
FA2H ) A% Bl 5 AH ) 9 42 A 1R B0 H 2n = 24 FTAR 3L
AL A% A (R4 95 45, 1994) , R S ie WIE & 18
S 2 B K b BEAT T 4 S KRR A — o 1 IR

RS e Z e TR 22 S 8N, 8 s th
Fofr 0] 75 DX %, Al R] & 2B A S [R) R 32 ) ik TR ¥ v
28 (BEELAE, 20005 Li et al., 2010) , DI s 45 7 i)
(9 53 25 S BRASOR | 43 24 S o TRIUE 5[] I A 28 A b 43
ATSE R B E AR S AR R AR Y RS
BRIl 1 7= A2 B K Y 22 5% (B A 5§, 20005 Rehfeldt,

1991) it ffi 753 — S8 b 5l 728 53 28 7 #7928 = M for

R[] A 9R EL AR A, dn v AN AR L AN (P
henryi) (#7555, 2007) o ABFZE KB, 11 A FAJE B
(R b ¥ R4 WOE S AFAE— 2625 7 45 G R TR AR .
B, T ORL BT B A4 1 R IR L (Y
AR I LA S Ok AR R B i T
Fi 5 BB SRR, ME L) S A

YT 35 5 1Y IRXE , A1) 0 7 HAR M A 20
KV B HEATSETE )Tz 52, i RAPD ] [X 73 Ih
FAFNEE LILAS , AFLP 285 Sl AN L 2= 1 A | B L AR AR
P (42 UK 55, 2003 ) o H 33X 26 BIF 5% i 95 Ko 14 4 A
A [ B A FIE A& B AR A V5| W BRSO
SR IEAT PO A B S E

HIH SSR A5 10 % € T kA K A Bl B E A L R
b SN S W VS 3 BP0 (| SEA NS U
2010) (HILG W R AR 0 oK IR T 4 Ao SSR 51 ¥ Y
T R IR T 3T 2% 3 S 22 1) A TR ) 38 21 A £
SEHER L B i D R AR E e . B PR Y
Yyl SSR 5|y 043 FH 1 B g, i 90 % B ML Ji [ 5% 7%
HRARAG T, A8 HE A Y e AT 2 R Y R 2
Gonzalez-Martinez 45 (2004 ) B 7% & ¥ #25 26 4 18 A
R 36% ~59% , f & T W4 Pineae Fl Pnaster
32% ~45% ; Hodgetts 55 (2001 ) F) F 4 = #2 ( Picea
glauca) () 5 XF 5| ) 5 UEAE J& A 04 3 58w , (BL7E
BT WY AR AR R RERE T
FiJE B A4 SSR 51 ¥ 78 W F 21 19 38 HI 348 &, {8 AT)
A S X GIYAEG R A DR SF R ] 7R AR S 1 25K T
WAE 10 AR Fp b 4845 97 48 7 ) (iR s 4 i T
FERR A ZZ S R, BF S8 IS T2 i), 97 A2 9 A
T o S P S AL, T AT R Hh B A JCHE A N
FAn g #n BT 455 5 D ISSR 519 1y th
9 7 Al S AL A, P EE R A RAS RAS
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WRA A 45 - A0 B AL SR RO A 0 70 1 48 58 I R % 5 R AR 57
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