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E S Sassafras randaiense (Hay.) Rehder 5 5 #4555 A fE S £l (Lauraceae) fHY) » A i 5238
&7 B Fy- 91| 2 483 [ [ (inter-simple sequence repeat, ISSR) 7y~ #REE 73 M [UCHE < i {4 1 B2 20 AR 1 o £
EH 72 BRI AR 137 BRERAKR > {1 8 {iil ISSR 5| 1-3£ 1T PCR $i# Mg 3 Ba JE 15 39 (#5877 »
% RIVEIGRAE A 38 1R(97.44%) o [T & (S48 5L ) s SREEUR B B A B A 5 0 52 15 (H=0.3438) B i
#H771l(Gst=0.2788) » 7 -5 5L 73 Hr (AMOVA) il I BETS [ e (1 52 L Rl 70 16.47% (p<0.0001) » JeRE
P55 83.53% (p<0.0001) » JREH i (S48 52 - SRl o0 2K B IR IRRE AT 5 {4 {2 5 7 R e Bl oty P 1 e o
Z FHRBAPE 55 (Mantel test) 525 BRI (r=0.1542) » S B B2 == R AT o3 7 Ffe 7S 2 {2 A 7 B It B 5k
ANEDARAGR o A SRR R E (8 R L 2URE s RN - BRI REE E 2 M - (£RE
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Abstract

Sassafras randaiense (Hay.) Rehder (Lauraceae) is an endemic species of Taiwan. We collected 137
individuals from 7 natural populations and examined ISSR fingerprintings of the DNA sequences. PCR
amplification with 8 ISSR primers yielded 39 DNA fragments, of which 38 were polymorphic (97.44%).
AMOVA revealed that variance component among the populations was 16.47% (»p<0.0001), while within
population was 83.53% (p<0.0001). Mantel test exhibited low correlation (r=0.2830, p = 0.1542) between
the genetic variation and the spatial distribution. Popgene analysis revealed high genetic diversity (H=
0.3438) of the species and also high genetic differentiation among the populations (Gst = 0.2788). Cluster
analysis and the principal coordinate analysis (PCOA) revealed no significant correlation (r = 0.6635
p = 0.9995) between the genetic differentiation and the spatial distribution. The conservation strategy
for the species is to maintain in situ biodiversity and further to raise its gene diversity by hybridization

among the populations in ex situ conservation.
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515t Sassafiras randaiense (Hay.) Rehder
el EE BRI R o SR
=fdZ EFHEES K 180 BAE) » H Al 2 BRI%
15t @ (Sassafras) WEPIELRE 3 18 > GEEEHRE
R > 5 A A (S, tsumu Hemsl) ~ JE3E
1E81(S. albidum Nees) (F15F 1994) 16t B HH
PIH TR AL > BREI.L ks - G
TEA RIS/ » g F HE RS E B > 1
AR AR RTAEE B S IR S 28
T > 5005 MRV {3t JHE K SR R o

TR > 7 AREEEZ E eV i (g

Pt a8 FE LTS 5 Wil e R s I o ik B o T BEL
%l| &5 6 |5 [5] (inter-simple sequence repeat, ISSR)
T FHRRUREES - BRIETTE - BRLER D Kk
Fii % DNARAEL D » B % AU (polymorphism)
15 5 A B (reproducibility ) i % (8 G - [K]ILBE
U2 JEE P 2 38 (S 88 0 B B St s S I3 - AF S
VIR GRS (A S WA ~ anAE - BN R
B EEE BRIRSE E IR R 2 B R 5 (Adams
et al. 2003; Barth et al. 2003; Christoph et al.
2003; Ge et al. 2003; {2 2007; HEE 2009) o

A TR Z AR TR R = 8 5 s
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1. Ali Shan

2. Li Shan

3. Sheng Guang
4. Guan Wu

5. Tai Ping Shan
6. Ci Lan Shan
7.YulLi

Fig. 1. Collection sites (solid circles) of Sassafras randaiense in Taiwan.
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Table 1. Collection sites, elevations, and sample sizes of Sassafras randaiense collected from Taiwan

Collected site Latitude/Longitude Elevation (m) Sample size

1. Ali Shan 23°31'09"N/120°48'32"E 2,309 15
2. Li Shan 24°15'23" N/121°14'59"E 1,902 15
3. Sheng Guang 24°22'15" N/121°20'17"E 1,862 23
4. Guan Wu 24°30'24"N/121°06'55"E 2,102 21
5. Tai Ping Shan 24°29'40"N/121°32'02"E 1,729 20
6. Ci Lan Shan 24°40'51"N/121°30'10"E 1,495 25
7. YuLi 23°2324"N/121°22'37"E 1,032 18

Total 137

Tk

3B .2 Genomic DNA ZLHY - %122 % Ko-
bayashi et al. (1998) 2 2t L CTAB (cetyl trimethyl
AL B %
Ziekiewicz et al. (1994)0 f i LIES » HX
FEVA TRAS AR RS 25 L - GAFRIREERS © 10 mM
Tris-HCI, 50 mM KCI, 1.0 mM MgCl, 0.1% gelatin
(w/v), 1%Triton X-100 (w/v), 10 ng template

ammonium bromide)}; % & 1T

% 2. G ISSR 73 iz 8 #l5| TP JI R &

DNA, 100 uM dNTPs, 0.2 uM primer, L% 0.5
units Taq polymerase (HT Biotechnology, England) -
ISSR i 5| +H{ H UBC (University of British
Columbia) Biotechnology Laboratory ;2 100 #H

batksl -+ - HAEREL 8 Mk & s8] (3R 2)
HELTIBOR PCRﬁ%?mFE*%FEE@%I?ﬁméZW&

{t(optimization) A% » ISSR 7y T HEAEHEIG
LT~ BRI SRR - BT

FEF

Table2. Primers and annealing temperatures used for the extraction of ISSR DNA sequences of Sassafiras

randaiense
Primer No. Sequence (5" - 3%) Annealing temperature
UBC 825 ACA CAC ACACACACACT 57°C
UBC 855 ACA CAC ACA CAC ACACYT 57°C
UBC 857 ACA CAC ACA CAC ACA CYG 57°C
UBC 864 ATG ATG ATG ATG ATG ATG 55°C
UBC 866 CTC CTC CTC CTC CTC CTC 58°C
UBC 888 BDB! CAC ACA CAC ACA CA 58°C
UBC 889 DBD! ACA CAC ACA CAC AC 58°C
UBC 891 HVH! TGT GTG TGT GTG TG 58°C

I B=(G/T/C), D=(G/A/T), H=(A/T/C), V=(G/A/C).
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LLYE F& 1 B8 (# (mastercycler gradient)yE{T
PCR [ JfE » HC S HE IR S BB ER 22 B © DNA
AT A E(94°C, 6 min) > 39 {E{EER .2 DNA &
1£(94°C, 30 sec) ~ 5| %5 E&(52-56°C, 50 sec) ~
JCAf X HE(72°C, 2 min) » R{RMEREE 72°C, 7
min 5ERY S & o PCRYEHT 2 EYILL1.5%.2 Aga-
rose B F EUk o o EIKAR MBS 0.5<TBE
buffer » A B (200 mL) LLEEJEE 200V 43 Ef 100
min > HHEHTEH) DNAEY)EITE VK o Bk
& BB Fr LI AL £ $E (ethidium bromide) &R
TTH A 1A F5 i LUR S s B s e - LA
Polaroid 667 EFHEC £

AEHUEMW ~ 2 KB A 2 5er > LI
5 1 (HBDAT 0 (AN Hi ) FC Sk A5 7 L B IR DL
FF]FHNTSYS &4 #r## (Rohlf 1993) » L) Simple
Matching 2% 2031 5 W R £k A fis] o2 AH AL 2R e
(SSM) = Ll Dice 22 2\ (Dice 1945)&1 55 /i Wik A
Ml Z AHALLEE (SAB) REfe 1 SSM A (LA AR el it
A% Excoffier et al. (1992)#$ 321 D FR A -
KR H R R - DL Popgene (Yeh et al.
1997) MR HS 73 At i e e e {8 5 5 » 3+ Nei's &
B R B (Nei 1973) » LUK G SRR [RLE
E LR Gst (Nei 1973) » FFI ] Gst fl 2
KA EMENm [Nm=0.5 x (I-Gst)/Gst) ) (Slatkin
and Barton 1989) - ) Simple Matching 73 22t
OB FEE > /5 L) Biom i .2 Mantel test
A (Mantel 1967) » 47 i AR R 2 BRISE 7 17
i o FLHT o S AR T < PR R R R A A 3t
I 2 B ] o PfT A 0 1B o St B PR SR 15 o

LLAMOVA v1.55 F2 2 (Excoffier et al. 1992)
oy AT e st R (A SR oy B S B S M P
(LB ZFPEE AR ~ ALESHRRE » 73 A5k — KRR
~ St 3 A9 IR A T B IR T P 5 — s L Y
B RT3 2 g LR ~ 25 L LR R
RN IR < =805 52 5 2 5 R (3 5 i A IR A
M~ EEFAE R 2 o s ST E &g
e o 58 FE R o7 (il B S R SRRy 2 T B
A DL 9,999 R B % a1k 1 e 2% A8 S R o0 Y B2

M o

HFNTSYS-pe ver 2.0 At & i 2 BB AT
Dice fH{UEE HReH fz AMOVA fit 8 Hi 2 il s ] B
B (DOst)5ERE » LINTSYS-pc v.2.0 i SAHN (se-
quential, agglomerative, hierarchial, and nested
clustering method)f2 =, ~ UPGMA (unweighted
pair-group method using arithmetic averages) /5
AT & M R RO BRRE o A - AR HCBR (7R
tit IR [& (dendrogram) » LUKz #E47 2 FEAE 73 47
DA~ = e R o 5 S i K = ol ol 71 1 ]
SLASIE > K A s sk R Y B SRR R

2 R

R B S R 2 39 (k7Y » Horp
% RIPEGRA A 38 {iE(97.44%) » LIPopgene gt 5
JERHE Nei's J [R5 FEEE S 0.3438 » 4 Ml i
FE/THS 0.0877-0.4038 » LIRERE (LIdth [ A ) - Bl
Bt AR - B E ARG RE E LR
H(Gst)fF5 0.2788 (3£ 3) »

3. GEIRE BB B L POEER
Table 3. Popgene analysis of genetic diversity
(H) and genetic differentiations (Gst) based on
ISSR DNA sequences of Sassafras randaiense

from the 7 collection sites of Taiwan

Collection sites H Gst
1. Tai Ping Shan 0.1403
2. YuLi 0.3372
3. Ci Lan Shan 0.4038
4. Ali Shan 0.0877
5. Guan Wu 0.2546
6. Li Shan 0.2966
7. Sheng Guang 0.1251
0.3438 0.2788
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A AR Lt T S 2 2l 6 e (3% 4) B Vi 4 P e 17 = AR 52 43 M SR - st B I ) 2 %8 07 Ry
(3% 5)HETT BRI EE (Mantel test), 2 tHEH R B &-3.07% (p<0.722) » 1 RF M0 0] & 2 58 77
0.2830 » & 1,000 a8 HE 511 51 B A 32§35 AH 738 17.92% (p<0.01) » JEERE P St 2R 57 (L Y
B8 (p=0.1542) o JiR o) @& 85.15% (p<0.01) (K 6) °

G ARG E TR ~ LR AT E >

F 4. G2 ISSR 73 M7 2 & [ FE A (Ost) AERHE

Table 4. A matrix of Nei’s genetic distances (®st), based on ISSR DNA sequences of Sassafras randaiense,
among 7 collection sites (1, Tai Ping Shan; 2, Yu Li; 3, Ci Lan Shan; 4, Ali Shan; 5, Guan Wu; 6, Li
Shan; 7, Sheng Guang)

1 2 3 4 5 6
2 0.0473
3 0.1482 0.0726
4 0.3236 0.1881 0.1844
5 0.3407 0.2470 0.1993 0.1751
6 0.0586 0.0249 0.0781 0.2190 0.2612
7 0.2714 0.1001 0.1030 0.1955 0.0855 0.1493

5. 5 IS BRI R T 2 v A L e A
Table 5. A matrix of elevation distances of Sassafras randaiense among 7 collection sites (1, Tai Ping
Shan; 2, Yu Li; 3, Ci Lan Shan; 4, Ali Shan; 5, Guan Wu; 6, Li Shan; 7, Sheng Guang)

1 2 3 4 5 6
2 572
3 12.2 69.4
4 131.0 95.8 140.0
5 423 76.3 41.8 113
6 38.7 47.0 46.5 933 30.7

7 243 50.8 31.5 108.0 27.0 15.1
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Table 6. Analysis of molecular variance based on ISSR DNA sequences of Sassafras randaiense

Source of variation dft SSD?  MSD? Variation Total p-value
component  var. (%)
Nested Analysis
Variance among groups 1 8.87 8.87 -0.01 -3.07% <0.722
E Variance among populations
*posure 5 6839 1368 057 17.92%  <0.01
group within groups
Variance within populations 130 351.07 2.70 2.70 85.15% <0.01
Variance among groups 2 29.64 14.82 0.02 0.55% <0.237
; Variance among populations
Mountains 4 4762 1191 052 16.02%  <0.01
group within groups
Variance within populations 130 351.07 2.70 2.70 83.43% <0.01
Analysis among populations
Variance among populations 6 77.26 12.88 0.53 16.47% <0.001
Populations
Variance within populations 130 351.07 2.70 2.70 83.53% <0.001

I df: degree of freedom.
2SSD: sum of square.
3MSD: mean square.

Tai Ping Shan
\ YuLi
Li Shan

Ci Lan Shan

Ali Shan

Guan Wu

Sheng Guang

0.22 0.17 0.I12 . I . 0.07 0.:)2
Coefficiant
2. R BRI 0 BT (UPGMA) 2t IR & -
Fig. 2. UPGMA dendrogram of 7 populations of Sassafras randaiense based on ISSR DNA sequences.
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Fig. 3. Three-dimensional principal coordinate analysis among 7 populations of Sassafras randaiense

based on the ISSR DNA sequences.

i LA R R AR 2 1L SR AT = iR s R
G QLR S EL R ) R 0.55% (p<0.237) »
TRRE LR ]2 8 B 77 72 16.02% (p<0.01) » |1
S8 B 73 0 83.43% (p<0.01) o F5 (T
5l I R A T~ G P (I A T R B SR
B > NFRHEHEL LB 5L R 72 16.47% (p<0.0001) »
TRTHE P ) B LR 73 S 83.53% (p<0.0001) » BEIR
TRRERER 8 BT E RS S sl < REE N (R 4)

St o JR e SRR 0 AP A ST AR - A EL
(oS R o B R (L8 R e Ffr 153 2 1A 2R AH B R B
(cophenetic correlation coefficient, r)£ 0.76008 »
SEUT LB R ] e A HE D 2R B B R RA R - B
FE L] L 2) 3 0 B PR AR o 72 0.02 £1] 0.22 2
fil - FERRREE 0.14 Byt )5 Al UK BOR EREH 2
B 3 e - B St o AR BHE - SRR
FERZP L ~ AE5E ~ BRI LR B L3 4 (8 R
5 RHEA R B LR 5 5 =R - o2
(A RE 7 Eh = RS 3 Mt SRR EL I e ] 2
R OR o JFE A ] e A T2 St 2 9 £ 7 1~ B (1]
3) o

# %

W1 & HOIR SR 2 DR A
73 #r #idi R (Popgene) » fEFF Nei's i [K] 5 5 &
(H=0.3438) Bl [A] kX fEH] ISSR 7 #friff 92,2 & i
Wi A TE | LIH-BE (Rhododendron pseudochrysanthum

Hayata) J [K 5 52 5 /55 0.3371 (8 2003) ~ H41
(Juniperus formosana Hayata)%: [K [ 2 & 5
0.3536 (2% 2004) ~ [ Ff1AR(R. simsii Planch.)
TORH IR B B2 7% 0.3423 (B 2005) 5 AH & -
I B K PR PR & — (AR T (Lespedeza bicolor)
Z BRI FE 0.392 (B35 2007)fH & - HEMIA
R bt S AR R ) S5 R B E B 2 B (B R B
R o B ML b R IR AR 2 IR A
0.0877 % 0.4038 ] » LURERG LA B A i &
Z T (0.4038) o i il B[ LI e R AR {E.(0.0877) »
U 2 b i e L v B S S R AR o AN
TR AT FR BT A e Sl 2 R S R R AR R O
B A RN > BEE A ARMKEHEE - S HERE
TR B R AR, — 1 Li et
al. (2002)WHFE AT fa ik A 1 ~ IS HEY) B S
ZERL R 5 [FINE > HZ BT R  BK
FEPRT ~ elRE U BT (7 2 K 34 (Ranker
1994; Li and Ge 2002) » JR{EBEREF B A B
ZEHG IR -

IeAt - S R e R LR E(Gst)
F5 0.2788 - JReHEfH] A 8 (358 5 5 AR S Y
27.88% » HERERTE B L 52 Hamrick et al.
(1992)7F 220 B .2 662 fE kAR HHATHFSE .2 8
{EH L 57K ZP(Gst=0.129) ° Buso et al. (1987)
R LR TS 0-0.05 (UK 731157 »
0.05-0.15 xR b » K2 0.25 HIp (LA
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A 5 [ Bl HC{th ) ISSR B 92 e B 1L
FHEE » QKNG R 2 38 18 7 1 (Gst) /5 0.1820
(3% 2001) » K [ H:AREE 7 {L(Gst) S 0.2659
(8 2003) » 88 55 A6 TR B A 0 (LA
B AR -

W i 1 Y {5 3 b s 2% St et R R IR
AR ~ LA AL 2 R > E R
A AE R AL 1 Y & R R R A = [R]H »
il R A Z LR BRGR - BRI RESE 52
SRR EAK » KRER 8 S AT RS 2 sth s 1
FEAY o (AL » s A S e R R ~ TR R P {18 S
.28 S B o NIRREA SRl ) KBRS &
Hirls RN - BN H R S E SR B it
[ RREA o 86 (2003) 5 & iR A /Y & ILFERS
HRRE IR R 7 b 24.92% > IEEEA(lE#S
fH15% 75.08% 5 Ge et al. (2003) L) ISSR i 5¢#
HHEYI & K(Tetraena mongolica Maxim.) H:
BEFLR Y 15 2% FAE S IEREM] » 84 8%IE(ER
2 Wbl R RE Y I AR (A S 2 8 R
22.79% A AE TS IR R » 77.03% 174 i 25 Mo ik
TGEREAI (55 2004) o b 5fufe e i (8 5 5 2 3 L ok
oy B H R AL 2 M > BV AN 1L+
Al ~ DUE R B BRI R B AR o0 AT Z TR
KERT 8 FAFAE A s R E P > LLENGE 15
ool e sth i e R < SR (BB SR TG 2R - TR R
A 2B BRI L (LB TR -

— M) 2 e RE LR A 2 R > A
Wa B AR B S L T T R A A =K > sl R AN [
A REIRBEE R Y > SO B ER A B A > B
N[ fGERE S B R RL AT R 73 11 55 (Sokal and Oden
1978) 5 F /= {8 A Al G e A {512 S o e Bl % St
Ve e St RS e e o< B T Y B i DR AR S R
FHIBA » S H s (888 5 n] RE A REER T H B A L
1A 5L > RIAHE K IR 70 A h2 HR ~ e i 4 1
W ] RSB ~ ARt ~ 3 PRt AT
B R A R Bl A € BV S 17 T 306 A 6 3
LB HEMEC R A S R A S - TR
KE A E & A8 > B A MR R

FTEE A o7 AL ES » IEIRSRIITT & HER iE o0 A
S BT RIS 2% 1l [ R B D I S A P Oy A 2 R
gk » [0 = SRR I3 AT o JAE AR ] 1 7 R P
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HIARE

&

A I A (8 T A L v RS (U
SR B AE LR 2 B - BREEACER 5352
FAFAER S Ml R A A > RF S B B o A B
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SRS EHER I B TR K H A B IR A B E
JE.Z BRI > A ARER R ARSI At ~ K
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