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Cloning and polymorphism analysis of SmMERF in Salvia miltiorrhiza
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Abstract: The transcription factor of ethylene responsive factor binding protein (ERF) is belonged to
AP2/ERF superfamily, which is known to be unique in plants. AP2/ERF proteins have important functions in
the transcriptional regulation of a variety of biological processes related to growth and development, as well as
various responses to environmental stimuli. An ERF gene from Salvia miltiorrhiza is cloned and divided into
ERF gene family group VII of Arabidopsis and Rice. It contains a MCGGAI (I/L) motif referred to as CMVII-1
and a single intron in the 5'-flanking region of the AP2/ERF domain. Sequence analysis reveals that the region
of second extron has abundant polymorphism sites. There are 21 single nucleotide polymorphism sites (SNPs)
in the 264 bp region, among them, 14 SNPs are synonymous substitutions and 7 SNPs are non-synonymous
substitutions. Though analysis of 181 samples from Shandong, Shaanxi and Sichuan Provinces, it reveals that
each production area has its own special genotypes, 5 SNPs show significant difference. Cluster based on
UPGMA method reveals that different populations from specific province have clustered together. It shows that
SMERF gene will be a candidate molecular marker for the identification of Salvia miltiorrhiza from different
areas.
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LA N 1454 5 1 (ethylene responsive
factor binding protein, ERF) J& T AP2/ERF #% s [X 1
K ERF 505, JEAH) AR 1 — 25 5k A
T B BRI LR PR OE DR RS 3 7 rh IR T
F GCC &I & E A B35, AP2/ERF M5k
5 AP2/ERF S5yll, w43k 3 Dk, Hrp AP2
KIS WA EH I AP2/ERF 45K, ERF FK K
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WS EAR, SRS 1A
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RS S ERE TR KD ARGl P25
21 DNA [\ 4788, WA T SmERF [{3E N4 54y, Hil
P4 BRVE L DU 181 ANEEAL SE A0 B 7 X 4,
(ORI, A A2 X S A7 KR IR A8 S A, I T %A
[l RIS, %45 B Bon SmERF W] S )7 i P
S, R, B SmERF AL S5 75 550 1 23 I
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MR O RAE BBV . DY) Bl AR
gt Fr, HREIPOE T4 5 H T DNA I (&
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Table 1 Detailed sources of materials used in this study

R T (LWZHY) Ji B B A4, SR8 4 35
P&,

DNA {2EX. 5141, PCR ¥ #&F0MF KH ikt
f) CTAB L3RI 2 5 DNA. DNA FESh &40 6%
TR DNA U EE, F -8R SBERT 1% 15
JNEBHBEE FaK, DNA 25 i b (19 -1 PCR 474 . i)
i ERF 58 AN 27740 1H 514, ERF-322: 5'-ATGG
GGAAAATGGGCAGCTGAAATC-3', ERF-683: 5-GG
GGGTCTGAGGCTCCTGAGTCGGT-3'. A {#iE SNP
P A HERRPE, PCR & 19 I 1% H] TaKaRa 2 ] 1)
PrimeSTAR HS DNA A, %8 & R
A 8250 % 1) PCR ] DNA %48 . 50 uL PCR 2
AR #4055 5xPrimeSTAR Buffer (Mg?'plus) 10 pL.
dNTP mixture (% 2.5 mmol-L™") 4 pL. 5|#) (% 10
mmol-L™") 1 uL. DNA # (100 ng-uL™") 1 uL. DNA
Polymerase (2.5 U-uL™") 0.5 uL F17K 32.5 uL. PCR %
N5 K 94 C AR 5 min 5 TT 4G 40 MEFR, 98 C
AP 10 s, 68 CIBK 30 s, 72 CJGZE{#H 1 min. PCR
SN RC IR VKOK AT o LS uL RNV =105
EB ) 1.5% (w/v) [HBEAEREEENS gk, B —4aF
AL 5 R A JACH T .

SNP HIARBIESIAZE  WFERTF5H
Staden Package (http://staden.sourceforge.net) K141
TR A PEE R e AT P B LG X R A B, 3 s ]
— 7 RN [ I B XU P U 2 LR T 2 0 1 A
RUBERA E A SNP A7 55, AN SNP A7 s B i —ME B
P, S Rl a R A AL AT, 45 BN Microsoft
Excel TFZ % . FJH POPGENE (v.1.31) (http://www.
ualberta.ca/~fyeh/) AT AL ZHEE . ~FRIAETE )

Group Total sample Population Sample Source Collected time
SX 33 SL1 20 Shanyang, Shangluo, Shaanxi Sep, 2007
SL2 13 Shangluo, Shaanxi Sep, 2007
SC 64 HXDY 11 Hexing, Zhongjiang, Sichuan Oct, 2006
JQDY 10 Jiqing, Zhongjiang, Sichuan Oct, 2006
SQDY 19 Shiquan, Zhongjiang, Sichuan Oct, 2006
JOXY 10 Jiqing, Zhongjiang, Sichuan Oct, 2006
HXXY 14 Hexing, Zhongjiang, Sichuan Oct, 2006
SD 84 LYZH 28 Mengyin, Linyi, Shandong Oct, 2007
LWZH 18 Laiwu, Shandong Oct, 2007
LWZHY 18 Laiwu, Shandong Oct, 2007
LWBH 20 Laiwu, Shandong Oct, 2007
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BALEEES M. Tl MEGA3.0 #4/T] UPGMA $7375
FI|f#) Nei’s unbiased distance (D) # % KL,
ERBRERS TR BERLE 10% LU E
(K147 s R SHEsis K AETV o3 AT 48 A J 40 (1 35 DR 28 43
FABEPRIGAR, FEHEAT R ITRIE 73 87 & A7 A A
TUBRZATAN ] P Hu i 22 5, W35 ROk P =0.05.

75
1 SmERF £ RFBFFIZEMSH

7. SMERF cDNA J&#1 Wl ¥ it 514, XfFF 25k
K41 DNA #EATH 86, PCR P#H4 oo eI i 5 3
cDNA J7HIHEAT XS, REAE TF I8 52AE 216 bp 4b4
A—A935bp N & T, W& FA7 T AP/ERF ) REdk
(1) 5" Uity o AR PG TF ARG 1 ERF R (1 732 Ji 0,
J1% SmERF J& T8I F/KAE ERF S0k 3 K i)
VII 3L N, 5 At3g16770 AHALLE £ =, VII 41 #5
TFE 5 NIEN, KFEE 15 DMIER L. ZRENBTH
CMVII-1 & ABAE, B8 MCGGAL (I/L), H3I%

Table 2 Distribution of SNPs in the 264 bp sequenced of SMERF from 11 populations.

£ AP2/ERF IhREIR 5' s — A& TP Bl
IR AtERF (At3g16770) o5 —A bZIP 1%
N7 (OBF4) fEMsb HAHVER, (HH HARThREAE
#8 KFE P ) OSERF89 (0s03g08460) 15— Myc
1 (OsBP-5) HAHVEH, 55— 31 bp MMk
B T BRL 7~ 3 [ 9 45 7K R v J0RE &5 A 2R 5 R A
waxy & K[ R IEP,
2 SmERF £ZNEFFHISHFN SNP #ZE
2o h; SmERF AN [H] XS (1 ik, R IALHE DA 26
TANE IR AE KA S K 181 ANEE K12 X I
HEAT PCR BRI, U7 HERA 1Y 264 bp Jr B
TSNP J3#r, RILZ BT 5 AN BT 122~385
bp, HAFAE 21 A4 SNPs, P34 13 bp i —A4> SNP {if
M 1T AR B EI SMERF 1 BOP A K
SEA 3L, B SNP A7 21 AT RRSE, Bk JQDY.
SQDY F1 JQXY [#) SNP 1 fi5gax— 84, HAhE B
[ SNP £ SAEAEZE St 21 M tih, 14 AR AE
] SLIEAR, 7 AN K A LRAE (3R 2).

*The exact position of the SNP is indicated.

"Heterozygotes are indicated by K (G/T), R (G/A), S (G/C), W (A/T), Y (T/C), M (A/C) and were detected by double peak in the elec-

tropherograms.  °Consensus sequence is indicated by Con. “Syn and Nsyn represented synonymous and non-synonymous substitution,
respectively
No. Position® Population” Con®  AA. Syn/d
/bp SL1 SL2 HXDY JQDY SQDY JQXY HXXY LYZH LWZH LWZHY LWBH Nsyn
1 19 T/C/lY T/ICY T/Y Y Y Y Y T/C/lY T/ICY T/Y T/C/Y T F-F Syn
2 52 ClY C C C C C ClY C/TY C/T/Y  CITIY ClY C D-D Syn
3 58 G G G G G G G G/C/S G/C/S GIS G/S G A-A Syn
4 77 G G A/R R R R G/A/R  G/A/R  G/A/R  G/AR G/R G D-N  Nsyn
5 117 G/S G G/S G/S G/S G/S G/C/S  GIS G/C/S  G/S G/S G R-P  Nsyn
6 137 C C ClY ClY CrY ClY C/TY C/IT/iY C/IY CrY ClY C P-S  Nsyn
7 146 C C C-M C-M C-M C-M C/AM  C/AM CM C/M Cc/M C R-R Syn
8 155 G/R G/R G G G G G G/R G G G G V-I  Nsyn
9 164 G/A/R  G/AlR G G/R G/R G/R G/R G/A/R  G/A/R  G/AR G/A/R G E-G  Nsyn
10 168 C C C/Y C/Y CrY ClY CrY C/TY CIY CrY C/Y C P-L  Nsyn
11 187 G G G/R G/R G/R G/R G/R G/A/R  G/R G/R G/R G P-p Syn
12 206 G/A/R  G/A/R  G/A/R R R R G/A/R  G/A/R  G/A/R  G/AR G/R G E-K  Nsyn
13 222 G/A/R  G/A/R  G/A/R R R R G/A/R  G/A/R  G/A/R  G/A/R A/R G C-F Nsyn
14 158 A A/R A A A A A A A A A A I-V. Nsyn
15 159 C CrY C C C C C ClY C C C C I-T Nsyn
16 171 C C C C C C C CrY C/Y CIT/Y C/Y C P-L  Nsyn
17 185 ClY C C C C C C C C C C C P-S  Nsyn
18 195 C C C C C C C ClY C/TlY CIY C C A-V  Nsyn
19 201 G G G G G G G G/S G/S G/S G/S G S-T Nsyn
20 212 ClY C C C C C C C C C C C L-L Syn
21 241 G/R G G G G G G G G G G G Q-Q Syn
N 10 7 9 10 10 10 11 17 15 15 14 21 (total) Nsyn/syn
Percentage (%) 47.62 33.33 42.86 47.62 47.62 47.6 52.38 80.95 71.43 71.4 66.67 53.81 (Ave.) =14/7
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AN 7] JE FE TR 22 A7 1 40 %208 33.33%~80.95%,
SFRIZ SO E O F N 53.81% (R 2). SNP 7 idx
Z N EREE LYZH, H0E LWZH fl LWZHY, 53
171515 4~ SNP {7 £, SNP A7 5 85 /> 19 /2 SL2, X
H 7 A SNP 7550 21 M7 8 A A AR /N
T 10%, J& TFA SRR, o 3 MU H LR BR
P SL1 Hr, 1 /M BRAEBR P 1) SL2 o, 3 AN LA
RIS e, 55 1A AR SL2 LY ZH
A DA [ = i A7 A — SRR (1 2 DR A7 R
3 ERRBEXRR

AN 7] i TE 2 T [y s B 25 A1+ 0.000 1~0.078 7,
BEPE RV SL1 A SL2 [Rist% 7 254 0.003 6, DY J1IKHR
FH/N I BUAS [] J B () 3845 B 25 A 0.000 1~0.012 3,
A FJEREN T 0.006 9~0.022 6, T BRI 5
VY1 s BEA T 0.037 3~0.078 7, HILEEREAN T
0.011 6~0.031 7, PU)IJEHE5 LR /T 0.020 6~
0.059 1 (% 3)o WI WL, [ — ™ i Jo B0 1) 11 25 4% B2 25 P
BN TN P R A D) ) a4 B B o SRR RN R
PUJIL KA (SQDY . JQDY . HXDY) Al /s i 7Y
(JQXY. HXXY) HPhEN—I. BRPbr s SL1 F
SL2 B h—2, h4 M LYZH. LWZHY F1 LWZH LA
J LWBH HA—3, BRVGR &5 1L AR EREER A —K
% (K 1).

4 N[E = R R4

HF kAKX (SX). WY)Il (SC) Al %
(SD) WA IR fE B R4 = X 43 il 2K, BLIA— =X
Jo B RS D R R A W e e, DAL, AN [
DXEAT s DR R RO DR () v SR R0 i (GR 4)-
2k £ 7%, SNP1-19. SNP4-77. SNP5-117.

Table 3 Nei’s Unbiased measures of genetic identity and genetic distance.

of S. miltiorrhiza

JQXY
4“ JQDY
SQDY

0.005 0

0.015 0.010

Figure 1 Dendrogram based on Nei’s (1972) genetic distance
method = UPGMA. Modified from NEIGHBOR procedure of
PHYLIP Version 3.5

SNP6-137. SNP7-146 AR AAE 3 412 [A] 3 & W 2%
255 (P <0.05), SNP2-52 K [K| %7t SC 5 SD [i] i &
#7555, SNP3-58 1F SD 15 SC Al SX [1] & & 3 7% ¢,
SNP10-168. SNP11-187. SNP12-206. SNP13-222 #
SC 5 SX 1 SD [a] & & 3% 72 5, SNP9-164 £t SC #1 SX
[ F7AE i 25 25 5%, SNP8-155 #£ SX 55 SC il SD [H]ff
e 2 22l it B el WL, 13 A SNP B i
IR R A ) 7= b () 340 2R B0 HE AN W) R 38 1) 25 5, |l
T DU AN P AR AR I Y . 4 SNP4-77
SX AN G/G 4i &R, i SC Lk A/G A& 80
(85.9%), SD M| G/G #i&RK 53.6%, A/G ALY
36.9%. FEAHTIF 13 A, SX 1K 6 ANk k4l
&% (SNP3-58G/G. SNP4-77G/G. SNP6-137C/C.
SNP7-146C/C. SNP10-168C/C H1 SNP11-187G/G), SC
) 2 AN o4l (SNP3-58G/G. SNP8-155G/G),
i SD AT AL s 3 A & 7.

Estimates of mean genetic distance between 11 populations

Populations 1 2 3 4 6 7 8 9 10 11
1. SLI -
2. SL2 0.003 6 -
3. HXDY 0.070 9 0.078 7 -
4. JQDY 0.043 7 0.0459 0.0113 -
5. SQDY 0.043 6 0.046 0 0.0109 0.000 1
6. JQXY 0.037 3 0.0395 0.0123 0.000 6 0.000 5 -
7. HXXY 0.039 4 0.042 5 0.007 6 0.006 1 0.005 8 0.004 2 -
8. LYZH 0.014 5 0.0135 0.042 8 0.024 6 0.024 5 0.020 6 0.020 6 -
9. LWZH 0.027 9 0.028 8 0.0337 0.023 1 0.022 9 0.019 3 0.0159 0.008 -
10. LWZHY 0.0116 0.014 3 0.0451 0.0317 0.0314 0.026 4 0.021 8 0.006 9 0.0129 -
11. LWBH 0.0317 0.024 3 0.059 1 0.0314 0.0315 0.028 7 0.0321 0.0127 0.0182 0.022 6 -
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Table 4 Genotype and allele frequencies of SNPs among groups

Site\Group Genotype Allele

SNP1-19  C/C(freq) C/T (freq) T/T (freq) C (freq) T (freq)
SX 2(0.061) 22(0.667) 9(0.273) 26 (0.394) 40 (0.606)
SC 54(0.844) 10(0.156) 54 (0.422) 74 (0.578)
SD 8(0.095) 33(0.393) 43(0.512) 49(0.292) 119 (0.708)
SNP2-52  C/C(freq) C/T (freq) T/T (freq) C (freq) T (freq)

SL 31(0.939) 2(0.061) 64 (0.970) 2 (0.030)
SC 63 (0.984) 1(0.016) 127 (0.992) 1 (0.008)
SD 63 (0.750) 17 (0.202) 4(0.048) 143 (0.851) 25(0.149)
SNP3-58  C/C(freq) C/G (freq) G/G (freq) C (freq) G (freq)
SX 33 (1.000) 66 (1.000)
SC 64 (1.000) 128 (1.000)
SD 4(0.048) 21(0.250) 59 (0.702) 29 (0.173) 139 (0.827)
SNP4-77  A/A (freq) A/G (freq) G/G (freq) A (freq) G (freq)
SX 33 (1.000) 66 (1.000)
SC 8(0.125) 55(0.859) 1(0.016) 71(0.555) 57(0.445)
SD 8(0.095) 31(0.369) 45(0.536) 47(0.280) 121 (0.720)
SNP5-117 C/C (freq) C/G (freq) G/G (freq) C (freq) G (freq)
SX 1(0.030) 32(0.970) 1(0.015) 65 (0.985)
SC 1(0.016) 33(0.516) 30(0.469) 35(0.273) 93 (0.727)
SD 2(0.024) 20(0.238) 62(0.738) 24(0.143) 144 (0.857)
SNP6-137 C/C (freq) C/T (freq) T/T (freq) C (freq) T (freq)
SX 33 (1.000) 66 (1.000)

SC 29 (0.453) 34(0.531) 1(0.016) 92(0.719) 36 (0.281)
SD 65(0.774) 18(0.214) 1(0.012) 148 (0.881) 20(0.119)
SNP7-146 A/A (freq) A/C (freq) C/C (freq) A (freq) C (freq)
SX 33 (1.000) 66 (1.000)
SC 1(0.016) 33(0.516) 30(0.469) 35(0.273) 93 (0.727)
SD 1(0.012) 18(0.214) 65(0.774) 20(0.119) 148 (0.881)
SNP8-155 A/A (freq) A/G (freq) G/G (freq) A (freq) G (freq)
SX 14 (0.424) 19 (0.576) 14(0.212) 52(0.788)
SC 64 (1.000) 128 (1.000)
SD 1(0.012) 83 (0.988) 1(0.006) 167 (0.994)
SNP9-164 A/A (freq) A/G (freq) G/G (freq) A (freq) G (freq)
SX 5(0.152) 11(0.333) 17(0.515) 21(0.318) 45 (0.682)
SC 24 (0.375) 40 (0.625) 24 (0.188) 104 (0.812)
SD 7(0.083) 25(0.298) 52(0.619) 39(0.232) 129 (0.768)
SNP10-168 C/C (freq) C/T (freq) T/T (freq) C (freq) T (freq)
SX 33 (1.000) 66 (1.000)

SC 31(0.484) 33(0.516) 95(0.742) 33 (0.258)
SD 71(0.845) 12(0.143) 1(0.012) 154(0.917) 14 (0.083)
SNP11-187 A/A (freq) A/G (freq) G/G (freq) A (freq) G (freq)
SX 33 (1.000) 66 (1.000)
SC 1(0.016) 31(0.484) 32(0.500) 33(0.258) 95(0.742)
SD 1(0.012) 15(0.179) 68 (0.810) 17 (0.101) 151 (0.899)
SNP12-206 A/A (freq) A/G (freq) G/G (freq) A (freq) G (freq)
SX 3(0.091) 12(0.364) 18(0.545) 18(0.273) 48(0.727)
SC 7(0.109) 54 (0.844) 3(0.047) 68 (0.531) 60 (0.469)
SD 8(0.095) 32(0.381) 44(0.524) 48(0.286) 120(0.714)
SNP13-222 A/A (freq) A/G (freq) G/G (freq) A (freq) G (freq)
SX 6(0.182) 20(0.606) 7(0.212) 32(0.485) 34(0.515)
SC 2(0.031) 55(0.859) 7(0.109) 59 (0.461) 69 (0.539)
SD 30(0.357) 40(0.476) 14 (0.167) 100 (0.595) 68 (0.405)

it
1 ERFERZKHIThEEM K
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