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Genetic diversity analysis on Ephedra intermedia from Gansu based on ISSR
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Abstract: Objective To investigate the genetic diversity of Ephedra intermedia from different populations in Gansu. Methods
ISSR markers were used to analyze the genetic diversity of 11 populations of E. intermedia. Nei’s genetic diversity index (/) and other
parameters of genetic information were calculated by POPGEN 32. UPGMA relationship dendrogram was clustered by NTSYS.
Results Twelve primers produced 185 bands, among which 150 were polymorphic bands, and the percentage of polymorphic loci
(PPL) was 85.71%. H and Shannon’s information index (/) were 0.211 4 and 0.332 1, and genetic differentiation coefficient (G) and
gene flow (V) were 0.259 3 and 1.428 6 within the population levels. The genetic distance varied from 0.014 4 to 0.159 8. Conclusion
The genetic diversity among the populations of E. intermedia is at higher level, but the level of genetic diversity within populations than
between populations. Genetic variance of E. intermedia mainly exists among populations. The genetic distance of E. intermedia is
associated with geographical distance.
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Hilra =2kt 2 2, iR R L B
GO, B bR B AR SRR R, b o
BAERD, TR BIEZRIC . R, PRk
IR B AT RS ARG TAE AL AT o

ITAEK, DNA 7 Fhrid 5 R e PR it 7%
R SR 7 A2 2 N, IF A W58 A
s, fRi A A X A Cinter simple sequence
repeat, ISSR) J&Hi Zietkiewicz 25T 1994 K& i
() — Mk T4 DA RAVEH 2 FhRid R, M
TR {5 HE 42 81 (simple sequence repeat, SSR)
[i] DNA ¥4 25, HAATREMETYIEL.
. Dbl EA VL R, ARFSRI
ISSR 43 bric g AR H R AN [w] Jo 10 v JRR 3 i o g
ATIBAL ZFEE 4T, AP bR TR I A BT R A
M DRPATE B CAER LB AL 7 PR S Al .
1 MRE{EE
11w

FARE A H R 48 AN [5] s A o BR B b b i 2%
REMFEWIE 1, KA BTG B 16 %)) gt
2R, TG R B R B A R R, IRl
[ SEHG % T 20 CUKAE P ORAF o A 3AE S el H R
rp R 2 B 24 0 s O B R e O R B R}
(Ephedraceae) "k Ephedra intermedia Schrenk
ex Mey. ¥ J5UAE A o

Fz1 EMMRER

Table 1 Information of plant materials

Gy JEEEARAY KA H FEAKL KR

1 rss Hl A 2= kb & 19 B4
{7310

2 xls A8 22 M 2 X 18 ik
MEE L

3 p A AT SR T SO 20 HpE

4 zy ikt s & 9 B
[ER=Es!

5 ym Hk B ITmx 20 HPE

6 mq Hol & R Ak 13 k%

7 tglsm RS HE DB 20 Hy4E

8 glyht IR IR E VIR 18

9 glhhx HRAENIRLERLS 10 ks

10 glhzt-y  HR A g ity 2L 8 Bk
SRS

11 glhzt-z  HR AR R 8 ks
SR i

1.2 =5

KR % %240 (321 Bio-Rad); PCR ™ HA{X
([ Biometra); 33 RHA KR OHL CGHETIL
ERPEASE R AT TGL16M #); DYY—7
HLUK A CAE RN — AR s KA (b s—1X
) Do

ISSR FfHLG 4 (HR¥E British Columbia K274y
AT, R S A R A BR A )
%); CTAB. EDTA. SDS. Tris. PVP. B-5i%t 2
BE (PG RHRA) TRATBRTIME A A ) RNaseA.
Agarose i fliEHi. EB. TagDNA B4, dNTPs,
10X 2ol o s 1 B AR M H R A IR 53T 2
F]Ds oAb 2ER A N B = o At
2 FHiE
2.1 E[EH DNA 2B A&

KR CTAB PR 7] J Bt v bR B RE A
JEIRZ DNA, FHEE IR B AE vk ARSI DNA (15¢
HNE, TGRS IR T 20 CUKAATh & .

2.2 ISSR-PCR kR S5 14125

RN SR ZR N 20 uL, W 10X PCR ZEphiE
(Mg*" Plus) 2.0 mmol/L, Taq DNA %41 1.5 U,
5147 0.4 umol/L, dNTPs 0.25 mmol/L LA K DNA #
R 30 ng. FIEFEF: 94 CHIAN: 4 min, 94 CAX
PE 45 s, MRIWAFLIYIR KSR 45, 72 C
ZEH 2 min, 40 MEFR, 72 CHEMH 7 min, 4 C{x
FEEy S
2.3 AR BN

FHA% 326 HY B 12 4% ISSR 51491 42 JL e 3 kil
B (20 BN 11 AN R RFEAIERZ] DNA
BT PCR 734, [RNES W GHEAT 1.2%35 IE R
HLPRS, VK2 1 X TBE, HLJE 100 V R
HLYK 90 min A°47, EB (10 mg/mL) %+ 20 min,
TEBEIE G ZR 8T RSl 41 FEORAT
24 RSSO M

KN TLEE, TR E E, A
N 1, aric 0, #Er e FE . FIH Popgen32
AR E A R AT B A Z ARG, T A TR
LA 4> % (PPL) . Nei’s JE PR Z REMEFE 5 (D
Shannon’s Z 2 MEAS BHeE (D, R HE R IER 2 FEPE
CHO JEBEN LN Z R0 (H  FER L R B(G,s
FEPIR (Nw)~ Nei’s 84— USRI LR (D),
RS Neis AL EE 25317 UPGMA K041, N
F NTSYS A6 e RGEMARE
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Table 2 Optimal annealing temperature for PCR reaction by different ISSR primers

EILZED R SIFH (5°103) Tofi / C BESE 1 C
UBC-811 GAGAGAGAGAGAGAGAC 52.00 54.8
UBC-825 ACACACACACACACACT 50.00 50.4
UBC-826 ACACACACACACACACC 52.00 55.5
UBC-827 ACACACACACACACACG 52.00 57.7
UBC-834 AGAGAGAGAGAGAGAGYT 52.00~54.00 513
UBC-836 AGAGAGAGAGAGAGAGYA 52.00~54.00 55.5
UBC-842 GAGAGAGAGAGAGAGAYG 54.00~56.00 54.7
UBC-846 CACACACACACACACART 52.00~54.00 50.4
UBC-848 CACACACACACACACARG 54.00~56.00 54.8
UBC-866 CTCCTCCTCCTCCTCCTC 60.00 59.3
UBC-885 BHBGAGAGAGAGAGAGA 48.00~54.00 54.7
UBC-895 AGAGTTGGTAGCTCTTGATC 58.00 60.7
R=(A,G),Y=(C,T),B=(C,GT),H=(A,C,T)
3 SERE5451h 1 23 45 6 7 M8 9 1011 1213 14

3.1 ISSR-PCR ¥ ##4%

FHTHE H1F 12 4% ISSR 514055 T v iR s 1A
4 DNA ZHATH B KR . g5 EoR, Ko
FEAYIRE M G BUE 2 10400, 38~V
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XA 2222 P IX S L BRI R 14 M
ENTIE SIS
32 HREBREZSHMESN

12 5551900 11 AR BE) 163 MANMAREAT T

ISSR 4+ #7, JLRT IS 5 175 4, Hrh 2 &4 1 234567 M8 09101 1213 14
£7 55 150 4>, PPL 1H K 85.71%, it W o ik i . T T

B AE £ RV AR Popgen BG4 | L
3), TRREE SRR H b 02114, 1503321, i | :

AN JEBE B PPL £F 21.14%~62.29%, H i
T A2 rsss A A A& glhzt-z. H K 0.084 6~0.201
3, 13 0.1233~0.3059, Hf1 I K/N5% PPL
G B AREAR — B, S IREIYIE rss i,
glhzt-y FIRRET i BEdcAC . Bbah, T s B
PPL. H Fl I ¥ T & Ja#E N BIAE, 308 R 3%
1) B PN IR 3 A% 22 R 7K TR 1 s B 1) o Wright
PEH Y IL R N> 1 I, R B A7AE — 5 1 3

T PR T

1~14-F£5h  M-Marker

Vi, AR R A g R, R p BRI 11 L s vt

ARERE, N (59 1.428 6, A WA [ 7 BRSE AE 1 UBC-866 (A) #1 UBC-895 (B) *¥ xIs FE &0
M AAE— s B, (HAKFEA & DHEKRIT LS

33 PHREARBHEHNEZI LS Fig. 1 Amplification of samples from xls population

i Popgen FAF TS 2 KBS SR H, by UBC-866 (A) and UBC895 (B)
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J30.2119, H 0 0.157 0, 4 H A HORFE Gy
H0.259 3. IXFHIF 25.93% M)A FAEAE T S BEIA],
1M 74.07% 18 S A-AE TR BEN o TR BEIRsL o4 %
i Sy e T B O Y i 5 NP (D oy A AN LA
HA A 4.
34 PHREEHEEEHEESRESF

Popgen A G v 45 KW, 11 AN Ja
JBR 35 2 ) Jit A% BE S 1) 7% S 3 R 0.014 4~0.159 8
(£ 4), Hrh mq 55 glhzt-z 2 1) (3845 I 2 0K,
N 0.159 8, XMW Z WSRO0 REE.
tglsm FlTy glyht 2 [MIFBERE 250, 4 0.0144, Bt
i A NIPS” SES 3l

N TR R KRB SRS R R, A
NTSYS #AE RIS Fa B Nei’s 805 #H 2 UPGMA 2§

£33 NANTFREHDHREREERS

FasH E128 201486 B
BX &

R, i SR S ] L S R H R 11 AN TR
SRR R o 45 R, {East B #E 25 0.12 4 glhzt-z
Al glhzt-y, AR RN 5 —28; FEstb &
0.055 Ab, BSEhVD A FED el R8s fa A kR o —
5K, HRERBEEN—2; R EEE 0.045 4,
rss+ xlIs Al jp SRR A —28, A& R0 5
— K fEBHE IR 0.038 4k, zy Fll ym Sh—3K, tglsm.
glhhx Al glhht 28—, SE& X R GHE A A Ay
—EMAHCHE (B 2).
4 g

itk Z R — AR R N st 22 R KT, el
DA B T — AN i . R 53 1) 68 07 LA B vl g i
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Table 3 Parameters of genetic information on 11 populations of E. intermedia

J A FEAA L SIS EZORR AN PPL /% H I
rss 19 175 109 62.29 0.201 3 0.3059
xls 18 175 104 59.43 0.168 7 0.2619
glhzt-z 8 175 37 21.14 0.084 6 0.123 3
glhzt-y 8 175 51 29.14 0.101 4 0.1516
zy 9 175 96 54.86 0.177 8 0.270 6
ip 20 175 108 61.71 0.191 8 0.294 0
ym 20 175 101 57.71 0.1912 0.288 2
mq 13 175 89 50.86 0.1753 0.2619
glhhx 10 175 73 41.71 0.1259 0.1955
tglsm 20 175 102 58.29 0.167 8 0.260 8
glyht 18 175 100 57.14 0.141 1 0.225 8
St 163 175 150 85.71 0.2114 0.3321
R4 DHREBFEEEREE—BUE
Table 4 Genetic distance and genetic identity of E. intermedia populations
S rss xls ip zy ym mq tglsm glyht glhhx glhzt-y  glhzt-z
Iss HorEE 09855 09732 09657 09597 09351 09572 09495 09361 09001 0.8781
xls 0.014 6 HorEE 09842 09529 09576 09457 09599 09464 09325 0.8980 0.8642
ip 0.0271 0.0159 oAk 09726 09667 09581 09623 09495 09396 0.8985 0.8707
zy 0.0349 0.0482 0.027 8 HoEEE 09848 09507 09697 09636 09557 09058 0.8859
ym 0.0411 0.0433 0.0338 0.0153 ko 09673 09770 09611 09594 0.8977 0.8888
mq 0.0671 0.0558 0.0428 0.0506 0.0333 oAk 09609 09285 09233 08647 0.8523
tglsm 0.0437 0.0409 0.0384 0.0308 0.0233 0.0399 HkHE 09857 09744 09019 0.8859
glyht 0.0518 0.0551 0.0519 0.0371 0.0396 0.0742 0.0144 HEEE 09809 09134 0.8963
glhhx 0.0660 0.0698 0.0623 0.0453 0.0415 0.0798 0.0259 0.0193 Hrxx 08967 0.8909
glhzt-y  0.1052 0.1076 0.1071 0.0990 0.1079 0.1453 0.1033 0.0906 0.1090 Horxx 0.9557
glhzt-z  0.1300 0.1459 0.1384 0.1211 0.1179 0.1598 0.1211 0.1094 0.1155 0.0453 ok

Nei’s BBi4L— 8 O MEA b, LT ML)

Nei’s genetic identity (above diagonal), and genetic distance (below diagonal)
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Fig. 2 UPGMA dendrogram for 11 populations

of E. intermedia
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TR B B UR BRI IR IS AE 2 . AR EL
F ML A R RIS R R . 2 N A3 LR L
JERERIRE IR A —2E, R T HAMREL T 5

) P PBR B i AR FC B BT, SR O R BT,
Jr LU 50320 11l DX e JBR 5[] 1) 25 BRI A2 A BEL A
PEo ARAEZR A — S R T SCRR B FE RN 22 N e

s A= i maErh, 5 A0 a3 i R BT,

W B P 22 e O AN 2 PR SR Sk % Rz T (1) — A
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