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F 7 [SSREAFHE 2T 5 80 T R & ¥ 48 B i
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RIS 22572 PRI e (e
Ut H3A - 1004E 6 29 H 5 B2 HI : 1004£ 12 H 12 H

EES

IREE (Pennisetum purpureum) Ry FEATE Y — » K3 BB feZ B RAHEY) - FIL
EME A TEEREE TSR MR AR AEESEHE 4 @2
105 {ERVEF A IR EEEARF > BU4hiiEEs DNA 125 FH & B B 4 71 & (inter-simple sequence repeat, ISSR)
£t 1T 14 (HEA LRI KR M BAFRYS [T RIS FE82547 (analysis of molecular variance,
AMOVA) STkl 2 877 53 BB S RERE AR - 45 5R8UR - TERFNE T T 96.95% (P<
0.1391) > B EEFEEL (Gst) £ 0.2065 » FERFE (Nm) £ 1.9217 - 5HEE S EE SR RS 2] — &
2 2SR5 ( cophenetic correlation coefficient ) r=0.777 « &R 2~ 1 {EHEE /M 0.0488 % 0.1833 [
DUBHARPLLE 0.09 Kl > oIk 14 B Ry 6 BE > /3Rl 1 B - AL BB 20 - 63 38
AR TEH S AR B - 25 B 68 B Sl B S BE  BKE - W BT 6B
&b o FEAZESHT (principal coordinate analysis ) 88 » 14 ERAHT47 Rk 6 BE 2 = EZERIfRIERE ) m] 28
75.74% - HIL > DL ISSR Al ol 22 @B A SRR AR A Sk 6 B - FELABRS FOB (I R -

e - IRREE - FEERTIIM - BEERE - BT -

—
=

SH =

REE RBIN BRI E 2 — (K 1992 ) AREE B & & 50k B AT mii R 20y amifE »
L2009 Fsffl] » G VEFRIEHITELYE2332 N (BFESETER - 2009) - SEEERE BN ETTE2S0ANE
EEH B AIA0 N - LB AR AE (acid detergent fiber, ADF ) £940% » He484%E (neutral detergent fiber, NDF )
K60% - B—EEEKEEZNE > HERETEEES S - REBSFEERZIRREGEE 5 RI
JuhE (2n=28)» HEZHIRERMAMEN 28 RTINS - BN 2B RaE (&

(D) TR EZ BT E AP stR & 1710 9% -
Q) TR ¥EZ AT RPTeTkHEYH -

) BB AREEEEL -

(4) #AMEF » E-mail © houcj@mail.ncyu.edu.tw
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1992) » RESHEE LTS » HUEHECE AT > REE BT 2 R ERRRRVERE - IS A
BT SN B FE B A [EIRF I 2 IR & © BB T AEVERANEE R » DAIDNA R AR R lTRE BE AR
AR f A (58 B > HorfSimple Sequence Repeat (SSR) ~ Inter Simple Sequence Repeat (ISSR) ~ Random
Amplified Polymorphic DNA (RAPD ) flAmplified Fragment Length Polymorphism ( AFLP ) 2411z 574
TR R TEYE I S A B i e 2 BF TE (BEE > 2007; 2009; 2010, Anderson and Fairbanks,
1990 5 Smith and Smith, 1992 5 Wolfe and Liston, 1998 ) - {[H&EZEEIEECHY 7 AH EA BGREL - AIAFLP
ERVERRE - RAPDFFFRIMEMK - SSRAAZESLAIEDNARFSIA REFEA - MISSRAIAT AR LafifRE » K
FESAIEDNAFS (Gupta ef al., 1994; Goodwin er al., 1997) » KKIEH R ABE—5[F » #EIEfEE - H
5 FFHI16-25mer > KEErE = BBk B B S ebfl > 2 B (Zietkiewics ef al, 1994) < A
% (2010) Bl FIFHISSRE T ERETIR R H B4R CURE BT iR W B 7 Bl (%  BURISSRIEFR IR
8% E FOR I BIEERET - Rk A ER#E fH B A4 IR B DNAZEH PAISSRE AT - BRETEr A SRR B e [
BRI T LR - MU RS R 255 -

MEIERTTE

L kst

BRI T BRI H bR S RATT VR R, - BERA TP HUE 4 B - HlidE 104 {8
Bl (55 105 ERRARIRREAEE 2 58 > BREIE) (B 1) - 2SI TRl EEZ B &HE
AEET (BETHL) KETVREREREA(GEET) &5 HHERXGRAT2EH (completely
randomized design, CRD) #&t » EE =K - MUK R E MRS EREIREE SR e -

1. IR SR A S AR o3 i lE] -
Fig. 1. Collection sites of napiergrass germplasm samples in Taiwan.
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L5k

SERFTFH 2 ISSRE [F-{# FUBC (University of British Columbia) & S H4R51T » 4 100 4K
EIHZIES [T (UBC 801 - 900 2 &5 fotk 9 Z51) > 5 TFYHEE Ky 17-22 mer > HHE BBV ER 1R
FPAI4HRY, - PCRATATTAGEASIA & 25 1 L RIER ST » NAYIEFRE 50 ng/ 1 L template DNA ~ 1.5
«MZprimer ~ 10 mMZdNTP ~ 0.5 ¢ L2 Tag DNA Polymerase ~ 2.5 1L PCR Bufferf1 20.3 L ddH.O - 4
100 {5 [-F-H 3 HUBCS07 ~ UBCS08 ~ UBC809 ~ UBC810~ UBC816 ~ UBC817 ~ UBC834 ~ UBC840 ~ UBC842 -
UBC847 ~ UBCS888 ~ UBC889 ~ UBC890 s UBCRI1 % 14 {HEA LA HFHRM:BIF 25+ (£ 1) F
Bl 2 B S TE S B ER A Bio-Rad /> B] HH 28 2 A SRR IRIRG 5 28 (ZU5% © Mycycler ) » #E7T 105 (EEEA (58
105 SR RIRBE G TR 2 9% (U EIE) ZPCRZIE - RIEREGRASCEWT  94°C 5 min > Fi#E
735 K 94°C 30 sec ~ 51°C 1 min ~ 72°C 1 min 30 secHt 35 {E{EE - Kz 72°C Smin - SRR E 4CHA
DAEEE K 3 HT -

% 1. REEMEFIIHTZ ISSR 511751

Table 1. DNA sequences of ISSR primers for napiergrass germplasm study

Primers Sequence (5" to 3 ) Product Size (bp)
UBC807 AJAJAJAJAgAgAgAgT 500-2000
UBCB808 AgAgAgAgAgAgAgAgC 500-1500
UBC809 AJAJAJAJAgAgAgAgg 400-1500
UBCB810 gAgAgAgAgAgAgAgAT 300-1000
UBCB816 CACACACACACACACAT 700-2000
UBC817 CACACACACACACACAA 600-2000
UBC834 AgAJAJAgAgAgAgAgY T 400-1000
UBCB840 gAgAgAgAgAgAgAgAYT 400-800
UBC842 gAgAJAJAJAJAgAgAY Y 300-2000
UBCB847 CACACACACACACACARC 400-2000
UBCB888 BDBCACACACACACACA 600-2000
UBCB889 DBDACACACACACACAC 500-1500
UBC890 VHVgTgTgTgTgTgTgT 300-2000
UBC891 HVHTgTgTgTgTgTgTg 300-1500

(1) FHERGEt o
HF ISSR 73 FHESEATiS 2 i (U ERECEE By 1 CHIBRD) 10 COREER) » #RH Dice 48 (Dice, 1945)
ZEFTEEAMDIMERE (similarity ) ©

(i) 73F#&J755% (AMOVA)
PL Excoffer et al(1992)Ffr3 M BRREEIAVIERE A= » SKISEEBEFERE D - WEST 0+ 0
(analysis of molecular variance, AMOVA) °

(iii) #EZEEMH (POPGENE )
£XF] POPGENE 3.2 E45#k#g (Yeh er al, 1999) HEZEIRMMERTL (Gst) BEMLEE

(coefficient of gene differentiation ) (Nei, 1973) » FEFIF Gst (i EERR (gene flow, Nm) ©

(iv) UPGMA SFEE K E R T

JEFS NTSYS-pe ver 2.0 E4E##S (Rohlf, 1993) » FrEtHH Z BRI DicefHBLE £ &2 AMOVA
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EHE I R > PR ( o ) FERE#H » DANTSYS-pe ver 2.0 FISAHNFZR - UPGMA (unweighed pair-group method
using arithmetic averages) J772#ETT £ & HY B7 B 70 7 48 U BHIR I (dendrogram) » 3fi ik T BEAE 73 #7
(principal coordinate analysis) > B 15 &b lE = 42 AT AR - DINTSYS-pc BIOM#REEATMantel test
(Mantel 1967) #& MRS FERRERRRE (Do) - FHUPCGMARFEE /> AT R FE B0 PR R A = AR (28 ()

2 iE EMantel Z&R 55808 ©

SR BT

BRI ERGEYEE A EIERET YR LEE AR FERAEE (Singh eral, 1998)
BRAGHTENHEE B BRI NR IS RIAIR - BANRIR S IR A O - HEE DI RA A NR
RIS E RGO Y A8 (Sanz-Cortes eral, 2001 ) o BEE 73 T-AEVE2AVESRE > DL DNA SR BERy LT R =]
SR (R

ABEATHZ 100 4H51F  FIFAREDREETRE G 2RO - BREEHiiieisE SICR
UBC807 ~ UBC808 ~ UBC809 ~ UBC810~ UBC816~ UBC817 ~ UBC834 ~ UBC840 ~ UBC842 ~ UBC847 ~ UBC888 ~
UBC889 ~ UBC890 K UBC891 % 14 {(HE AL AN HFFHM:RF25F (R 1) TLOHT 14 (EE&T -
HrLIS[FUBC807 ~ UBC847 K UBC890 FTZEAMMGERFEE 2 » 733k 9 ~ 10 K 10 f/& » UBC840 ATE
ATV R 5 6% > SHRIMEIRTRAE 3 16 - 105 (EIRE: - DAISSRILATFATS R /K B FT B~ - LAUBCR07 #E
17 105 [EAREERE ST » FEF 500 28 2000bp.> [ EDNA AU MR IR (B 2)

& AMOVA &E5E0R » IREFHINE DT ROMEEE 7Y 3.05% (P<0.1656) (£ 2) @ &RE~E
96.95% (P<0.1391) HYETTEL/TFAENIGRREAN » IREFRIEETTIE(S 3.05% (P<1656) @ [H% (2010) 7F
PG EEHIE N KT B o I E NS T ANGRR S - BURE R S EITIEREN
RN AR s » AR EIRIEREIE S < S TR AR E E R R (5
LA POPGENE 3.2 HR#RAG M EHA SR » JREEIATAERWTR 3 Fir » 48 Nel's BEERE (H) ER
0.3591 » JEEEMEMAEL (Gst) B 0.2065 » FHHMBABHAREARIR (Nm) & 1.9217 @ fE& &M
IR 0.2173-0.3381 - Hrp DIl 2 B EIE R R 0 SIbihlE 2 B EE R R - R
# Hamrick and Godt (1990)53#7 121 FEEEZ % HARVIEY) 2 S8R (Gst=0.101) > 134 T EAEERZME
¥ (Gst=0.099) > 78 FEEZAEY) (Gst=0.510) » 124 FESREFCEAMEY) (Gst=0.197) » A MEMEMEESE
THVEY) (Gst=0.213) < BHEE (2010) JRY LAEEHE 2 BAEYIRZ 8 ((Panicum maximum) HHG 2
GST £ 0.5779 » AXEaLL ISSR iR SRR R E7L35 807 7 Ry Gs=0.2005 @ B NRRREE R A
M R AR TIVREDY) o BEAEEREERSE (1992) fEH IR E 2 ZHE /7 =0AH ML -

et Wright (1931) 2R EEERIVESPUR Nm EE AR | HIEUREE#EEIE(E > K2 > % Nm
EE/INA 1 0 BRI RESPRIR 2 B0 00 (3 S P RE o ASPRUR (508 {3t 7 PRI AR ERIEE (gene pool ) EEAERT
gt ANEEE S CIE G FE(E (Slatkin, 1987) © 55A — {1225 Ellstrand and Elam (1993) RUFUREER
B HZRR 0.5 RIHEE A 8 DU rE IRBE R i sy 7316 AsBgll ISSR BEETEF 4 IR %ZIE@?JEZE
& BEURGEREERBEE (H) & 0.359 0 SHUES Y 0.2173-0.3381 » DiFgHtEs s - &8 -
Tiﬁrﬁﬂ: (Gst) £ 0.2005 ~ EAJR (Nm) & 1.9217 LLééT@?E?E%Eﬁ?ﬁEﬁﬁmﬂﬁﬁ%.ﬁia@ff

R EHHEALIS - WARAREERRE TGN L - THRRREERIR (gene flow) & 1.9217 0 Al
_f ERREA Slatkin (1987) 52 B R [R5 M R R AT B R RE AR ST EK -
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Fig. 2. Gel electrophoresis of amplification products
obtained from ISSR primer UBC 8070n 105
samples of napiergrass.
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2 2. 105 (AR ELREAS ISSR DNA 43 FHE5E AMOVA #7554
Table 2. Variation analysis by AMOVA program for 105 napiergrass germplasm samples based on ISSR DNA

markers
Source of variation df* SSD MSD Variation Total p-value
component variance (%)
Variance among 13 14578 1121 0.29 3.05 0.1656
populations
Variance within 9l 82938 9.l 9.11 96.95 0.1391
populations
df: degrees of freedom; SSD: Sum of Square; MSD: Mean Square.
72 3. JREEFAER [SSR ifr 2 B {HE =i (POPGENE) 4554
Table 3. POPGENE analysis of napiergrass germplasms based on ISSR DNA markers
Location N* H I Gst Nm
Taipei 4 0.2173 0.3189
Kaohsiung 6 0.3367 0.4867
Yunlin 7 0.3304 0.4321
Changhua 5 0.2720 0.3983
Taichung 7 0.2873 0.4171
Pingtung 8 0.2974 0.4377
Taoyuan 4 0.2274 0.3326
Hualien 3 0.3363 0.4882
Chiayi 20 0.3138 0.4677
Nantou 8 0.3381 0.4952
Tainan 11 0.2963 0.4344
Taitung 5 0.2892 0.4228
Miaoli 6 0.2183 0.3212
Hsinchu 6 0.2197 0.3235
Total 105 0.3591 0.5358 0.2065 1.9217

*: N = the number of samples

H = Nei's (1973) gene diversity

I = Shannon's Information index [Lewontin (1972)]

Gst = proportion of the total diversity among populations
Nm = gene flow

14 {104 Fih Z SRR S > &€ ISSR 3 Has At FAIA NTSYS-pe ver 2.0 EERAZHETT UPGMA
BREEIHT  HR 4 150 14 {E MG 2 B HEEREE /Y 0.0488 28 0.1833 R » Horf DUGE i 15 SR Mt &
EEEEEART > Ky 0.0488 5 [ s bl B S B 6 7 R A e - &y 0.1833 » HUBE/LiESie
Aol - A {HEEEE R 0.1831 -

FEE AU 0.00 F Fofelehh - AIIRTRE U ithle = B /MU 104 (EARE SR M Ry 6 B (B 3) 0 258
| B LB R 55 2 BEG AT 0.11 IR R —BF 5 55 3 Bf - M B S 1F 0.076 FRlF
Al /INBE 55 AR B PHIE - FESRME - EMME - SR - REAOWE KSR ER Y 0.088 B
Fo—BE 1 55 5 BF - PREIIE - SO0 RO T HE 7Y 0.084 alm Fo—BF © 56 6 B - &It AR it
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GEREN A B E R AR AB AL - - - REUARE eI RE RSB A—EE
TRE Ry IR R R &R B > R BLEEE B — R R BB R Z P B (2010) BT RZE

(Panicum maximum) 534 » IVEMLZ 455 » MEALBILA—BERIE TR AEEST « & ISSR 7047
GEE” DNA R By » T M (Nei, 1973) » stRHVRR R 2 B EIERE - FETERI T &t
Ji (e e A PR LR [ BB (A E P > S E R ARRR R r (B8 0.777 - — TS STREINEEA 2 BEEAEEL
[ L —(EE AR AR > FLL UPGMA #EfTERER I Arég Ll LR - AR B B [ (PR R Fe Y foh
FHRAGE (1) r=0.90 FrEHREEEFEEMERSNVIEE - ForEEEE RS - 7&
BHEE 2 HEARE SR 0.7 =r=0.8 Z [ BUNBHAES FAEA2 AV ( Lalhruaitluanga and Prasad,
2009) -

# 4. JREEEFREA ISSR 7347 P AE

Table 4. Genetic distance matrix (Dst) based on the ISSR results of napiergrass germplasm samples

Taipei Kaohsiung Yunlin Changhua Taichung Pingtung Taoyuan Hualien Chiayi Nantou Tainan Taitung Miaoli Hsinchu

Taipei 0
Kaohsiung| 0.155 0

Yunlin |0.136  0.0965 0

Changhua [0.1831  0.1417 0.1174 0

Taichung [0.1435 0.1015 0.0886 0.1562 0

Pingtung [0.1537 0.0936  0.0694 0.1535  0.0797 0

Taoyuan |0.1046 0.1395 0.0962 0.148  0.1165 0.1025 0

Hualien [0.1425 0.1066 0.113 0.1453  0.1069 0.1255 0.1383 0

Chiayi [0.1372 0.0861 0.0488 0.1348  0.0599 0.0603 0.087 0.1005 0

Nantou [0.1737 0.1017 0.0661 0.1217  0.1047 0.0894 0.1168 0.0763 0.0727 0

Tainan ]0.1702 0.0803 0.0801 0.1337  0.1076 0.0596 0.1076 0.1247 0.0522 0.0784 0
Taitung [0.133  0.1505 0.1115 0.1833  0.1168 0.1236  0.1164 0.1033 0.0796 0.0927 0.1356 0
Miaoli [0.1209 0.1733 0.1455 0.1254  0.1667 0.1686 0.0905 0.1289 0.1462 0.1372 0.1694 0.1329 0

Hsinchu [0.131  0.1214 0.1247 0.099 0.1145 0.1308 0.0711 0.1381 0.1066 0.1258 0.1141 0.1401 0.084 0O

KAMOVAST R & i 2 B pEEE (o) ZEf#H » DAINTSYSH#ET EREEEIHT (PCA) AYSER
([ 4) IREEEEFEITE 5 | R UEILA 8 52 HeREBEIL LB © 55 35 Mt
G EEEO S FERR A Ry —/ NBE 56 4 B G IE - EEME - EME - GRtiE - FERE N
MRS R Ry—BF ¢ 255 5 B - GIUHNIE - PREMHE SRR BB © 55 6 B - ERUEALR B &
ST AT 2 I B LREMAIE 75.74%0 2 4R 5 » BI=4R 7= MRk 6 BEZRE I RIEE 75.74% - HHEME
BRI ATEREHINE 2 S5 RAHAT - BUR ISSR o TAEREREMTRE IAAT - BEAGGE RBLURRHEHRE AR -
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Fig. 3. UPGMA dendrogram based on the results of ISSR DNA markers of napiergrass germplasms.
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HE
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Fig. 4. Results of 3-dimensional principal coordinate analysis based on the ISSR DNA fragments of
napiergrass germplasm samples.
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GHUE ~ BORFE - 2010 - SRR ES AR ZISSREDRSAT « BEMSE 43(1) ¢ 59-71 -

BRZEA ~ = H ~ ARIEI - BEHTRE - 2007 B8 K25 ((Panicum maxinum ) REEVER I EE Z 5T -
EE R B R ER & & T 28(1): 38-58 ©

BESEA0 ~ e H - EEHHE - ARIER - 2009 DL RAPD FflifRat &/ i R 8 I I R - hHER
BFEELER & & ] 30(1): 37-58 -
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Abstract

Napiergrass (Pennisetum purpureum ) is one of the important perennial forage grasses in Taiwan. It is
mostly self-sterile, sometimes it will get hybrid seeds and grow in the field. In this study, we collected 105
samples from 14 counties in Taiwan for determining the genetic diversity with DNA extracted from the leaves
by Inter Simple Sequence Repeat (ISSR) molecular markers. According to ISSR analysis, 14 UBC primers
were polymorphic. Analysis molecular of variance analysis (AMOVA) was used to determine for the
variance and genetic matrix of samples. Results showed that the variance was 96.95% (P <0.1391) within
population. The value of genetic differentiation (Gst) was 0.2056, and the gene flow (Nm) was 1.9217. The
value of genetic distance and geographic distance for napiergrass samples was r=0.777. The genetic distance
matrix ranged from 0.0488 to 0.1833. These could be divided into 6 groups based on the genetic similarity
with 0.09 as the critical point. It included the 1% group with Changhua, the 2™ with Taitung, the 3 with
Nantou and Hualien, the 4™ with Taichung, Chiayi, Yunlin, Tainan, Pingtung and Kaohsiung, the 5" with
Taoyuan, Miaol and Hsinchu, and the 6" with Taipei, respectively. Therefor the napiergrass germplasms can
be collected from 6 locations for in Taiwan determining genetic diversity and breeding projects by ISSR
technique Taiwan.

Key words : Pennisetum purpureum, ISSR, Genetic diversity, Cluster analysis.
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