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Abstract; 72 Salvia miltiorrhiza lines from five different geographical populations located at Tai'an, Linyi, Laiwu, Heze
and Weifang in Shandong province of China were studied by ISSR markers. The results indicated that 219 polymorphic
bands were detected with 8 primers, average twenty-seven bands every primer. The percentage of polymorphic loci ( P) was
98.63% , 81.28% , 66.67% , 66.21% , 51.14% and 50.68% , respectively at species level and Tai’an, Linyi, Laiwu,
Heze and Weifang population level. The Nei’s gene diversity index and Shannon’s information index of species level were
higher than population level. The Nei’s gene diversity index and Shannon’ s information index of five populations were Tai’
an > Linyi > Laiwu > Heze > Weifang. Gene flow between the populations was 4. 2352 based on genetic differentiation
coefficient. UPGMA cluster analysis indicated that Laiwu population and Linyi population were the highest in Genetic
identity which was the nearest in genetic relationships, and the genetic distance between Tai’an population and other four

populations were the farthest. The results showed that Heze population and Tai’an population were relative independent
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populations, but there were still some gene exchange between five populations. Based on the study of population genetic
structure, Tai’ an population should be given a high priority consideration in Salvia miltiorrhiza populations in situ

germplasm conservation strategies owing to its highest genetic diversity.
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Fig. 1 Geographic locations of the 5 Salvia miltiorrhiza populations in

the Shandong Province, China
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PCR buffer,0. 75U TaqDNA 34 ,2. Smmol-L™" Mg** ,0. 8 umol L. "' 5|4 ,0. 3mmol -L.~" dNTP, 120 ~ 150ng &
R DNA, B kKR E 4 53°C, PCR ¥ 8RR N 94CHAE M Tmin, 1 PMEI;94CAEH: 455,53C R k 90s,72C
FEfR 120s,45 NMEF ;72°CIEMR 7 min, 1 MEF, 4CHRFFH. PCRY &Y mAER 5:1 KRB =, R
5], DL2000 DNA Marker YEXt #R , i 6% R PR IR BERE BERCHELIK . HEIK AR5 x TBE ZEnpyl 1 120V f¥y e e
HIKES . VR B A8 PU5E 27 B A L B K, 45 3R G B € V4R G\ B, Tanon 3500 BIBEME MR R WLER
AR

1.3 HdEair

TeFeE R ISSR g b, @ B — bl m SR A R . B FERIR AT 0.1 SRR s R
ARG, BHiCx® N 1, LHIE N 0, $E 204 K F NTSYSpe- 2. 10e ( Exeter Software, Setauket, N. Y. ).
POPGENE version 1. 32 &4,

ISSR 5| Y25 H(E A EZRMEFHEMESWREE 28T, BB %215 B Shamon {5 8
B A Nei LR SR HAET" . BRI CRABEMMERE Gt MBEEF Nm O RAEH, B
REF B BREHE Nei WRIGEER D FIRME — B Iy, RAFEMBRE AR B RAKE (UPGMA ) BEAT R K 43
Bl BRI RIARTE SM AR RBUERER I UPGMA RITEHATIRIAIT
2 HREWm
2.1 R[E ISSR 5| LAFAS & RHET Y 25

M 96 A ISSR 5| b ity 8 N9 3 = 34T BT M5 1 4, R 8 T 19035 72 A~ FH5H
AR FEFH DNA #1793 (B 2) .

RIE ISSR 5| Y7E WARFHS & RHAY W4 R ETH
ERMERBIESUSTERTI TR 1, HRPITLE
ARGy e BRI BRI, 8 5 MY 1Y
H BRI 22 3 35 A%, H 5|4 UBC808 ¥
BRI R LR 35 4,514 UBC856 ¥ i £ 7&
PR N 22 &% PR 27 & F—3|1Y
ARG MESEUFER B 25,514 UBC846
TEREEHLZTHB (P =92.59% ) &, EHY
Eﬁ%ﬁ([) =37.04% ) o d /I\E‘ﬁtpﬁﬁ)ﬁﬁqzigg B2 ISSR 5|4 UBGC840 %fFh& myHe &k
A E(22.25) BT E(P =82.62% ) Bk Fio  Fig. 2 ISSR Amplified result of Salsia miltiorrhiza by primer UBC840
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£1 FTRISSRIPELFASEFHET BEHERBEEI L
Table 1 Polymorphism of different ISSR primers in the Salvia miltiorrhiza populations and gene differentiation in ShanDong

B #His 3] 3 WE RE Nei ZH sk
gl%z L Total Weifang Linyi Laiwu Heze Tai’an LZREEH ARE Gst
Primer amplified Nei’s gene The coefficient of
name bands A P(%) A P(%) A P(%) A P(%) A P(%) diversity gene diferentiation
UBC808 35 23 65.71 23 65.71 28 80 17 48.57 28 80 0.147bAB 0.068abAB
UBC816 26 11 42,30 19 73.07 18 36.23 10 38.46 21 80.77  0.150bAB 0.093aAB
UBC840 29 8 27.58 16 55.17 16 55.17 11  42.30 18 62.06 0.129bB 0.102aA
UBC841 27 17 62.96 17 62.96 21 77.78 12 4.4 19 77.37 0.148 bAB 0.081abAB
UBC846 27 10 37.04 19 77.37 11 40.74 16 59.26 25 92.59  0.143bAB 0.080abAB
UBC850 25 14 56 16 64 16 64 13 52 22 88 0.167aAB 0.086abAB
UBC856 22 14 63.63 19 86.36 16 72.72 18 81.81 20 90.90 0.212aA 0.050 bB
UBC864 28 14 50 17  60.71 19 67.85 14 50 25 89.28  0.179abAB 0.094 aAB
SE1 Average  27.38 13.8850.65 18.2568.17 18.13 61.81 13.8852.11 22.25 82.62 0.159 0.082
A: ZAVYEWE  The number polymorphic bands; P; Z&MH T 0¥ The percentage of polymorphic bands
%2 UEASERMBESHY
Table 2 Genetic diversity of Salvia miltiorrhiza populations
) BN YR ey S oL ARG . Shannon
mR EEROSHA i () 4 Na i Ve Pl Rt
Population i i The percentage of Observed number Effective number . o Shannon’s
polymorphic loci polymorphic loci of alleles of alleles Nei’s gene diversity Information index
Zzif:quevel 216 98.63 1.9863 1.2155 0.1575 0.2764
it Weifang 111 50. 68 1.5068 1.1657 0.1129 0.1870
%37 Linyl 146 66.67 1.6667 1.2044 0.1427 0.2383
33t laiwu 145 66.21 1.6621 1.1962 0. 1364 0.2292
T 7 Heze 112 51.14 1.5114 1.1907 0.1268 0.2051
R % Tai’'an 178 81.28 1.8128 1.2309 0.1559 0.2611

SHUARFIS 5 AN ERER Nei B A EHAT R, BEER &R (H =0.1559) , KRG YT (H =0. 1427) ,
F¥IE(H =0.1364) , i HE (H =0. 1268) , i3 (H =0. 1129 ) £ ik ; Shannon {5 RIS LLRBER AR L (I =
0.2611) > IEIT(1=0.2383) >3KIE(1=0.2292) >TE(I1=0.2051) > (1=0.1870), BEHFEZLER
Nei FHEZHE (F =0.335,p >0.05) F Shannon 15 BIEE(F =0.517,p >0.05) A/ H KB ZR A B E (F
2) . NESHHIGITHAT UERL , REBEHEREESHESEER T HM 4 EH, AR LSRR
#Er RARPX
2.3 IWARAFEF SIS R 5 —BUE Fs A I RS

R T Bt B REERIR S LR THE T Nei BBE—BUF I, BIEIEE D (£ 3) , B km81E
—ZHF 0.9686 ~0.9966 , I ZHEES 0.0034 ~0. 0319, iHA & #EIA] ¥ AE BIFR BE ST , AR EE BB/ 1N

£3 WHFASERN Nel B —BUEMEEERNTRET

Table 3 Nei’s unbiased measures of genetic identity and genetic distance of Salvia miltiorrhiza populations

B4k Pop D F{& Pop I,y

Htl Weifang I Y7 Linyi F3E Laiwu T Heze FR2¢ Tai’an
HYl Weifang ERE 0.9936 0.9904 0.9792 0.9712
37 Linyi 0. 0064 % ok % % 0.9966 0.989 0.9762
3€3E Laiwu 0.0097 0.0034 ERE ] 0.9902 0.9783
TP Heze 0.021 0.0111 0.0098 EREE 0.9686
4% Tai'an 0.0292 0.0241 0.022 0.0319 H K ok ok

STAL EH N Nei 5 —BUE , WAL T N Nei 32/50EES  Nei's genetic identity ( above diagonal) and genetic distance ( below diagonal)
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BIERR, R BIMER AR A UPGMA 17K
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2.4 WARAFFEHIS 72 MERBRS

{5 NTSYSpe-2. 10e 44, FIF UPGMA Bk xt
IWARARFF=HITS 5 N BEEK 72 MERETRES
B, &R A 4,

ME 4 TTLUE S, ZEMAE SR 72. 3% LB FF, TR

{ 1]
WE3

WES

[ W4
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WIS

WIS

I I HAR
r { I HA

L Weifang

—— If&¥7 Linyi

L 3% Laiwu

73 Heze

#e% Tai'an

B3 #if] UPGMA BEEEL4R1E Nei BB XN 5 M ILAR SR
BRI

Fig. 3 Dendrogram obtained by UPGMA cluster analysis based on
Nei’s genetic distances among the five eco-gepgraphical groups of

Salvia miltiorrhiza in Shandong
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B4 72 %RILAFSET SM LR UPGMA 3%
Fig.4 Dendrogram of 72 Salvia miltiorrhiza based on UPGMA analysis using SM similarly coefficient

BRI BPIRRE, 5 | REFERZEEH RS 22 A, HRBRI—RE, AR LEHSH
feAs BHY 22 R K . XHEE [ 2RRAAMAATBHER LN 76. 9% AL RRTF , s B BHe] AAr A2, b B 8 5
53 5 B2 5M4 5 3KE9 5 KES SAHAR T M.V, V. VIS, B VIREEFE 6 AR Ls
BRIE 3 ARk, HP e 6 MRk B R —BUb . 58 3 MG RROu VI, MR BB R
XK, ARSI R AR 8 AHPRH(WFL-7,WF9) 358 7 AN (LW1-7) % 6 A (TA1-4,TA12-13) ¥

5 4~(HZ4 ,H78-11) LI Kifk¥T 3 4~ (LY1,LY7-8),

RAEMTRY  RE FERRR TN SRR, (B 5 HE R R R AR 2 3R
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3 itig
3.1 WARAFF=HFIS R E ST R A

FISHERESHT L, AR L 2ESHAE TARR, P mAs KNEHE LR B TE %,
EFRF FINAEEEASH T ESHRERT X, BEASED A RURPBRERRAS RN B X,
H LA XS AR ER R R R, S REAS N REEGM = EREEETE/ER, Bk, 3 —2m
B IUARAF =S R RRE SRR, TR —EEPARBENRF RPN E SR AHRAEEER

BIRRBIIEIE PSRN 2B L LR N 100% , BN ZESELF LR RE 55% , 54850
RER—HD , AMRERE TR FELBMEM ST N 98.63% ,5 NMEREN K Z B4 L RTEE N
50.68% ~81.28% ,XMFSMHIKERABRMBEZEEME:, BB E ZHERME, BEAR B3
R ZFEFEZERF. N\ Nei BEEZHE ST, TLS (H=0.1559) & &, R WiET (H=0.1427) ,3€35
(H=0.1364) ,3F(H =0.1268) , #idi (H =0.1129) Bl BEZHERESEME L, REBHH BN
BB A WESN EFH L Nei ZH LR DL Shanon {5 B8 AT HALERE, X RLEHTEA
FAHMEEERREH R, FRESIRA, RE FEEHRE T B, B @ RZ RN
ARERER,

3.2 IIARRR PSRRI AL R E 5

BT EF R RN B RR A SN RIS /R, AR L ISSR Anic A, S ILARE W 5 MR
BEATRRSE , MIFS Gse {H > 0. 082, P BA I AR A F F= b FH 2 2 b K A E TR BN, BEEE /D, U8
8.2% , SMEME W LR T,

FPE R R A SRR B s B SRR RS ML R R . BAS BTN Gst R, BEA
BRI B E LN . MRS TR A IR E EE, SRR, BRI A 2 FE R
FER BB TR SR X FMIER AR . 2 N> 1.0 i, ZEER KK FEES, Y Nm >
5.0 i, =R AARENRERER ARG R BRIUARARPZ IS BA B EE R (Nm =4.2352) , 3
SR E AL T ARG Y
3.3 WARAFF=HFIS LT

AR IOFINARARF=HFEE 72 MR BZHATRET, R, RE HEF— B KSR R
BERAE—E, HEES [ FMEVIZE, KX BB R, P EXEH S MERERA
B, TaBA R B R TE A R AR B A B TR

FIF UPGMA FEES A RYE Nei sRAGHEERS (3% 3) X 5 MEBEHAITRIHT (B 3) , 45 R B/RETEEHAIE
BRI R IR BB SR AN BRI, RS ER 3 M EHREAXARE . MER
JRES ER 4 NEEBRERARRIE, MBENE FE, BT ASESE I F 48, T E ] 53 EE B AN RE,
JLH S S5HE (D =0.021) Z a3 EE B B e , 3X Ui B T 18 A5 HE B A R 8 2 R LA R ek, AR LR
RRBBHESHM 4 N ERRIMREER, i DARIFERLEBEHSHEIEERF(D =0.022) | IEIT B (D =
0.0241) &S FEAF(D =0.0292) FHEEHE (D =0.0319) , 3% th F T HH 18 15 FE 25 55 i 3 B 1) 38 3T o — =8+
Rk, THEH Hh PRI B T R R R 2 BRI AR IR R B K AR

XTREZEHESHE 4 NMERNREEERRNERER, ENE P —NEETRER TREEFHMA L E
Bk B RN A IR E A DI TEIR , A B M R 2 R B K. A—NERTTRERR LRI
BARTHUERE, BREAZSEAT R Nei ZH 205 FEE AR K B H FE MBS, X4 i
B R A R4 B AR B R A 2 7o
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