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[ Abstract] Objective: To investigate the relationship between the single nucleotide polymorphism
(SNP) of function genes and effective components of Salvia miltiorrhiza and the molecular mechanism of
specific quality formation of S. miltiorrhiza. Method: The fingerprints of components in S. miltiorrhiza from
eight different habitats and varieties were obtained by high-performance liquid chromatography (HPLC). The
full-length cDNA of three functional genes acetyl-CoA C-acetyltransferase (SmAACT) , 4-diphosphocytidyl-2-C-
methyl-D-erythritol kinase (SmCMK) and isopentenyl diphosphate isomerase (SmIPPI) in tanshinone metabolic
pathway were amplified by polymerase chain reaction (PCR) , cloned, and sequenced, followed by

bioinformatics analysis. Result: The full-length cDNA sequences of three functional genes SmAACT, SmCMK,
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and SmIPPI in tanshinone metabolic pathway were obtained from 23 strains of S. miltiorrhiza from eight different
habitats and varieties. As revealed by the analysis of SNP and amino acid polymorphisms of three functional
genes, 18,16, and 14 SNP sites were found respectively. HPLC results showed the samples from Beijing, Hubei,
Shandong (No. SDB), Shanxi, Henan, and Shandong (No. SDZ) were clustered into one branch, and those from
Hebei and Inner Mongolia were clustered into another branch, which suggested that the variation trend of S.
miltiorrhiza components had little correlation with geographical distance, but the variety was a critical factor for
the quality. Conclusion: There was an obvious genetic differentiation trend in S. miltiorrhiza from different
habitats, and different origin-specific genotypes were formed. The molecular mechanism of the formation of the

specific quality of S. miltiorrhiza from different habitats was discussed, which laid a foundation for the stability

and effectiveness of clinical medication, and guided the breeding of excellent varieties of S. miltiorrhiza.
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Z 540 il DH5a (#t5 BC116-01) , DNA Marker (4t
5 MD104) (1L RN & AT BRA R ) ; LB B 77 5k
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Table 1 Salvia miltiorrhiza from different regions

i S U 7
SX Salvia miltiorrhiza 1y
HN S. miltiorrhiza i Fe e P
HBH 8. miltiorrhiza WAL (LR 5 ) %
NM S miltiorrhiza SEE IS
SDZ . miltiorrhiza IIFRE FiFE SE -3
SDB 8. miltiorrhiza f. alba IR (S 2) %
HUB  S. miltiorrhiza ikl ey
BJ S. miltiorrhiza B[ ng o

2 FHiE

2.1 AP S a0 K AR P P2

B SN G DR PR i S PR TR IPRE Y ]
| R el e A N S A G I B SRV S R R
B A 2N (A)-0.1% % W2 /K (B) , B B ¥ B (0~
30 min, 20%~25%A; 30~35 min, 25%~65%; 35~
65 min, 65%~85% ;65~75 min, 85%A) .

2.2 AR LS ) fig 5L ) SNP 43 Bt

2.2.1 cDNAJFAI M SRE 53 I FRHCES 7™ HlL 3 4k 7
SZHER L) 1 g, F2HUE RNA, Oligo d(T) M54, i Id
Takara 2~ w39 % 55 i Ui B 45 5 5% 5% B cDNA, F 4K
4 Primer Premier 5.0 43 5l % i1 1 X 51 ¥, ¥ 1 I
F 2. PCR JZ N 411 9 94 °CHil 25 1 4 min; 94 °C 7%
30 5,18 %k 30 s, 72 °CZEAH 2 min, 35 M IF ; 72°C
fE ffi 10 min, J} B Z Bt CoA Mt 3 ¥ % fi§
(SmAACT) , SmCMK F £+ 2 5 1% I £ 0 1R 5+
(SmIPPI) % A 1Y 1B IR 2 43 51 2y 58, 60, 66 °C .
PCR ZH) 50 WL #E47 1% Byt BB 566 fie v VRl , U1 1
H W R B, e R 03 78 T i 4 o5 15 Tl e 3k 391 8 O 1k
HEAT Ml gl Al o B 1T ™ 9 2 L 3% $2 pMD19-T
HAR, G JBIE 16 CCHEHE % 13 B F 4 ik . IR
1535 8 Escherichia coli DHS o J&% 32 75 4 M {5 FH 158 W]
S AL 2H BORL, U T [ A IR S )8 R AR . PR

®2 SlMF75
Table 2 Primers of genes in PCR

PR BEFE A 100 g- L7 BERR R 11 1 mL A9 LB AR K
FeHeh 37 CCHR G B R . B PCR A Sy FH M 11
BRIV B35 K I TR B B8 500 L B I A5 1A AR
30% 4 H il , -80 °C KR 7F

222 AEWEBES¥ a0 m i y s R R A
Contig Express J {4 #E 17 PR , 1 2 HE W 2 K ¥ 515
K F DNAMAN #4547 15 51 B %43 BT 5 o 5% [
[ % A4 9115 5 bt (NCBI) ¥ 3 ORF finder BT I 4%
F| L K 7y 51 B9 ORF HE I B %2 b & B8 7 1) H
Protparam T B 70 5k (A 4 A5 25 11 A9 PR AL 5, fdF A
TMHMM & 1 %} # H 3k 47 85 B 10 0, JfF >k
TMpred 1. H 3153 5 I X A & ) 438 5 fff H ProtScale
T HIFATE AR B K PES . 18 DNAMAN 3}
XF BT DA BT A 7 H R O 5 B B B R O 5 HE AT L
Xt S R S R AL R R RS R ST S
AR 5 M SNP A A, BF 5T AN [R] 7= HURE i SNP OGS
PR 26 3K [ 5

3 ERMOW

3. FESIREUEEE LA SO R ORE =
HoFE 245 ROM o WL R 3, 4R BUEE KR b
(REHEEH) WA 1,2, PS4 a2y
bR I G R K B i AR R R b DR 3 R
22 SR TTER R B o B0 W L RE R R 5 7
I T i R R Sy — 2, R 5 B S e e Y b
SRR SRR RLRE AR R L R TR — R R SR MY LU AR L AE
5 I AR R AEAE T R B — 3, GE B AN [] A2 R )
JoT R 25 F I TTRR R R T Hb BB A &R

3.2 SmAACT 3N cDNA 4> K v [ J% 7 #i SNP 43
Br DAASTE ™ b cDNA B4R, LA SmAACT | i
SmAACT Vit 51 P4 B AL LT B 25 A1 £ 47 PCR Y™
8 O e PV 5T e E AT I, LR 3. A S e] g
TCE W, B I F 25 SR H Contig Express #{4:
HEAT DEHE  IF5 W0 o FE AT BT D) S5 A5 5 T 1 341 bp Y
SmAACT 5 H ¢cDNA 2K ¥ 5] . ¥ ¥ %1 T NCBI

B HRT e 4 P I /op
SmAACT F EF635969.1 i 5-CGGGGTACCTTATTGGCTGCTCCATTTTT-3' 1357
SmAACT R i 5'-CCGCTCGAGCGCTCTGCTTCTCCATCTCT-3'

SmCMK F EF534309.1 i 5-CGGGGTACCGCTACTTGCTTCTCTCTCCA-3' 1401
SmCMK R i 5'-CCGCTCGAGATTCTTCCCCCAAATCCATA-3'
SmIPPI F EF635967.1 i 5-CGGGGTACCATGTCGTCCTTGACCAGCATCCCGT-3' 1041
SmIPPI R i 5-CCGCTCGAGCGGCGTCAACACCCCTATTT-3'
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R3 ASEHATEENE (f+s,n=3) 0 0.25 0.5 0.75 1
Table 3 Content of active components in Salvia miltiorrhiza (X+s, Jb5¢
n=3) mg- g’
- - Wk ———
%5 P& 2 M SR FFZE T,
HBH 4.03141.745 1.508+0.878 1.532+0.668 WARHA
HUB 4.341+2.244 3.403+1.508 5.379+2.744 —
HN 3.670+0.842 1.737+0.850 4.314+1.544
ilyis}
NM 5.784+1.786 0.905+0.572 1.839+2.084
SDB 2.684+0.948 2.909+1.962 4.903+2.882 INFRE
SDZ 1.686+0.348 4.347+1.592 7.534+3.050 .
Wk
SX 2.042+0.354 2.220+1.502 5.077+3.552
BJ 2.256+0.507 3.248+1.832 4.495+2.363 AR
2 AEFEMASHTEENST
5 16 Fig. 2 System cluster analysis of Salvia miltiorrhiza from different
13 regions
17 M 3wl #F 47 BLAST b X}, H 5 F 5 5 fr i W 4 5
5 011 EF635969.1 () F+% SmAACT 3K cDNA J¢ %1 A1 ) J&
3
1 9 N N N 2
12 4 f,?“h K H] 99% , Uk W] 2 AL ) 5 B 15 B [ cDNA 2 K.
0 12.32 24.63 » 36.95 49.26 81.58 P AL A SE LY 1 212 bp K BF ORF AE | 47 i 404
t/min

El1 ASREmIELE

Fig.1 Fingerprint of Salvia miltiorrhiza samples
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4. SDB2-1;5. SDB2-2;6. SDB2-3;7. SDB1-1;8. SDB1-2;9. SDB1-3
B3 SmAACTEE ke
Fig.3 Gel electrophoresis results of SmAACT gene

AN A 7= Ml A 5 5 53 25 S ML A 7E 5 30, 846,
894,1032,1 146,1 212, 1 272 23 5 4% FF i B A W
Y 35t A% o Akt e, st AR A LB 3K B 99.38%.
SmAACT B cDNA 4 K JF 51 4 1 341 bp, £ & K J&
1 212 bp Y5 % ORF HE , Fii ith 404 1> 2 HE R 5% 5 , 21
AR 43 T i K 41.3 kDa, 25 1, 508 5.92, RN a5
FHCH29.10, B—PMRREEN . AR AL H
A7 fig 5 Fo Al T A7 77 b AH X4 8 R SR S R R L i
VP By o i B AR N SRl BT b R A K
31 bp &b B LR p R A SE R R AL & B fem i 1
RKEFEATEKJE 627,819,846 bp &b ELA T-T-T
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A

M. Marker; A. SmAACT %& K PCR; 1. NM3; 2. NM2; 3. SX2; 4. SX1; 5.

N RAFERR IR EE

B
SDB2; 6. SDB1; B. 1 # PCR; 1. SDB3-1;2. SDB3-2; 3. SDB3-3;

PR 78, 33K W] e X PR SR A 2 0 IR R, BT —
FE 5 5 7 b R DN R SR IS v B AR S R 8
i R AR AR S BN T — e W LIRS
PR B B —E MO R . TS B A AR T A
t,SX1,SDB1 KMl & A4E T KIEHIAY 2 5, JF X H
LERY R RERE WL T — & 52, WL 3 4~6, K] 4~6,
3.3 SmCMK &K cDNA 4 K v M 7= #b SNP 43 #r
WP 45 S n] 58 Jo 2 0 R R DU 45 SR R
Contig Express J 4 47 9F 4% , -5 W o i 47 55 U1 )
55T 1383 bp Y SmCMK KX cDNA 4K 551, I
B 7. ¥ E ¥ 51T NCBI X i /7 BLAST He Xt , H
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R4 SmAACTEEARE 2 E SR M SNP L 3
Table 4 Specific SNP number of SmAACT from different regions

HE A Y 31 162 246 375 543 627 681 819 846 869 894 942 1032 1146 1209 1212 1272 1301

AACTSX G G A G T C A C A G A A C C T C A T
AACTBJ G G G G T C A C A A A A C C T T A T
AACTHBH A G A A A C A C A A A A T C T T A T
AACTHN G G A G T C G C A A A G T C T C T T
AACTHUB G G A G T C A C A A A A T T T C T C
AACTNM A A G G T C A C A A A A C C G C A T
AACTSDB G G A G T C A C A A G A C T T C T T
AACTSDZ G G A G T T A T T A G A C T T C A T
£S5 SmAACTREREBREMS *6 SmAACTERBEW MR
Table 5 Amino acid mutation site of SmAACT from different Table 6 Physicochemical properties of protein of SmAACT from
regions different regions
O AR JFEihE R IR HX PSS AR IR R BPH
No. G i it e & T AR AH ]:%?‘ %uz{ NV Euﬁﬁ? SR ]
AL R KLz R BA- Fii/Da HLAR ES 4 B Rk
1 BJ1,HBH2,HBH3, 11 D N
! 3 AACTSDZ1 403 412752 592 29.10 99.06 0.195
NM2,NM3,SDB3,SX3
2 HUBI 21 E G AACTSX1 237 247624 540 38.78 92.62 0.146
3 BIJ3 47 L P AACTSDB1 116 12077.7 8.93 54.47 87.50 0.009
4 HN3 63 A T AACTSDB2 403 412403 6.33 28.89  100.02 0.196
5 SDB2 79 F L AACTNMI1 403 414335 6.61 2889  99.06 0.193
6 NMI 158 S F AACTNM2 403 413023 633  28.68  99.06 0.184
7 NM3 171 K E
8 BJ1 191 S N 3|0 85|0 8|90 1930 1 1|50 1 2|10 12|70
9 HUB2 205 A A% BAACTBJ1.TXT
AACTBJ2 .TXT
10 SDB3 206 v A AACTENS . TXL
AACTHBH2 .TXT
11 NM2 221 F L g
AACTHN3.TXT
12 BJ2 234 R G AACTHUB1.TXT
AACTHUBZ .TXT
13 SDZ1 254 K E AACTNM1.TXT
AACTNMZ .TXT
BACTNM3.TXT
14 HBH2 255 L S AACTSDB1.TXT
AACTSDB2 .TXT
15 NM2 271 A T AACTSDB3.TXT
AACTSDZ1.TXT
AACTSDZ2.TXT
16 BI2 280 G D peeieimlnee
AACTSX1.TXT
17 SX3 290 Q R AACTSX2.TXT
AACTSX3.TXT
18 HUB2,NM1,SDZ3 296 G R .
B4 FEFZHSTS SmAACTEE cDNA F 51 bk it
19 HN3 316 F L Fig. 4 Comparison of cDNA sequence of SmAACT in Salvia
20 SDZ2 334 E K miltiorrhiza from different regions
21 HBH2 336 S P
AACTSXE:HR
22 SDZ3 349 v I AACTHNEFA
AACTHUBZEFR A
23 NM2 420 v M
AACTSDBZEFE A

AACTSDZEFE]

5 F % 5 BT TE M4 5 EF534309.1 (07 2 SmCMK 3 AACTHBHEFE

K CDNA i 911 {00 ik 51 99% . UE W] £ 14 71 o4 e 72 N :
L . . Bl5 SmAACTEERE - E BT AL

§IJ % ék ° 12% @‘ CRE % E/:J 1191 bp {KE ORF Fig. 5 System cluster analysis of Salvia miltiorrhiza from different

HE , G it 397 A 2 e 12 5k 3 regions

AACTBIEFEL
AACTNMEF R
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AACTSX3_P.txt Iiiiié.. Eﬂ;vws RGRPSTIVDRLEGLGRFLAAFLRELR 259
AACTSX1_P.txt [GIAAQEAC|. .REAZS FVEVSiRGFPS‘IIVBﬂE. MRVEEELMIC. .5 254
AACTSX2_P.txt |[GIAAGERAC. .AEAREIREVEVSCERCRESTIVDREECIGRELAARIRELR 258
AACTSDB3_P.txt|[SIAAQEAC . .AEANS N EVEVSCERCREST IVDRDECLGRECARRLRELR 259
aacTsDB1_P. txt ECVANvESRITREE ‘IEEE%RSWIKVCCKVEF@EIEE@GMRHNCH 263
AACTSDB2_P. txt[EIARQRAC . .REANEIEVEVSCQERCRESTIVDRLECIGRECAARIRELR 259
AACTNM3_P.txt [SIABCIRAC|. .BEATRINEVEVSCERCRPSTIVDRCECIGRECABKIRALR 259

B6 AEFHSmAACTEEELF 5 L3t

Fig. 6 Comparison of amino acid sequence of SmAACT in Salvia

miltiorrhiza from different regions

SmCMK ) cDNA 4 K J¥ 51 2y 1 383 bp, L &
KB 1191 bp A9 5E % ORF HE , 4 1% 397 4~ & Ik iR 5%
B BB A XS 4> T il 43.4 kDa, 2 5l 6.41,
ARERBN38T, HHBTARE. SmCMK 1E
ST RS B BT AT 2H 2 R R A B AE I e rh SRR A

M 1 2 3 4 5 6

2 000 bp

1 000 bp
750 bp

500 bp
250 bp
100 bp

A
M. Marker; A. SmCMK 3 [H PCR; 1~3. SX3~SX1; 4~6. SDB3~SDB1; B. i i PCR; 1~3. HUB2-1~HUB2-3; 4~6. HB1-1~HB1-3; 7~9. NM3-
1~NM3-3
7 SmCMK £ FE R ikt
Fig.7 Gel electrophoresis results of Sm CMK gene

RT SmCMKEERE i 2 F 2 SNP F5 2 M AL
Table 7 Specific SNP number of SmCMK from different regions

9, ZEPIRZ R R 55 . FEAS [R]7 HLRE Y cDNA
FFEHI L85 737,1 135,1 255, 1 299 47 5 4k 4% 7 Hb Af:
air EL A B R 8 A% o Ak R A R ) P M R A B B
55 A I A 7 M AR XG5 0 R S R DR R G e B v
B A3 i AR N 52l SO AR TR K 737,
1256 bp 4t B4 R i C-G 45 L R, & %
15 B LU 2R 55 AR B G AE i ) C-T A1 A-G-A-T JE R Y
A REXT AR FE S 0 i Y R — E S 7 b
HRIRIREG IR RN B LR 5SAMN TR REREA
—EM KR, BFEEANEAERTFINZSAK,
ok P R IR AR S, T BE X R 1 45 R R T BE 1 —
FEFZ . L3 7~9, 18 8~10,

M 1 2 3 4 5 6 7 8 9

B

FE A A 88 139 146 418 731 737 929 1032 1125 1136 1195 1200 1239 125 1275 1299

CMKSX T C A A T T C G T G A A T G C

CMKBIJ T C A A T T C G T G G T A C A
CMKHBH A T A A T C C G T C A A T G C A
CMKHN T C A A T T C G T G A A T A C G
CMKHUB T C A A A T C G T G A G A A T A
CMKNM T C A A T C C G T G A A T G C A
CMKSDB T C A G T T C A C G A A T A C A
CMKSDZ T C C A T C T G T G A A T A C A

3.4 SmIPPIF:[H cDNA 4K g [ J 7= Hi SNP 43 #r
Wy 2% 5 0T 55 00 & 0 K XU I P 4 R R
Contig Express J {417 $E 4% , 304 W i £ 47 55 U1 5
45 T 902 bp #Y SmIPPI K cDNA 4 K F 51 . ¥
IR %1 T NCBI W 35 3847 BLAST b X, H 5 T 245
JiT 2 M 4 5 EF635967.1 [ )2 SmIPPI 3 [ ¢cDNA
J7 50 AH ABLEE 25 21 99% , UE B 2 1 ) 5 B A5 31 3L [H 4
Koo %N AL S 52 B 711 bp K BE ORF HE , 4 i
23T AR . R 11,

- 102 -

SmIPPI 1) ¢cDNA 4 K J¥ %1 2 902 bp, {1 &
711 bp K FE 1) 58 8 ORFAE , g % 237 > 2 HE 112 ke Ak
PHIS A X 4> 7 BB 27.2 kDa, 25 1 25 R 5.29, A
FEREH 27.87, & —DFEE M . SmIPPIAE
BT A L B AR SR Gk (AR I R 25 SRR AR
FEM R IR B 5 . 7R [ 7 Mo A 1Y cDNA JF 41
WL TES 319,381,492,531,564,652,655,697, 884,
897 i s Kb 4% 77 Ml K il B A WY W 11 388 4% 43 b Ha
TE 77 b A S M R DR B o PN 5 R T 243 bp AR 1Y
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xS SmCMKRESEBRTL A

£9 SmCMKEBEELER

Table 8 Amino acid mutation site of SmCMK from different Table 9 Physicochemical properties of protein of SmCMK from
regions different regions
e ﬁ%ﬁ&i A RE R, E&izﬁ;:ﬁ iliﬁ & 115 R %%ﬁ&* *Hxléﬂi BUINIoE T#"i H‘éﬁf‘if,‘: HOFH
A HEr EmR oA FE/Da ML REL B SRk
1 1 HN3 Y L CMKSDZ1 396 43371.1 6.41 3879 8199 -0.285
2 3 HN3 L A CMKSDZ3 396 43371.1 6.67 38.15 81.01 -0.283
3 4 HN3 L F CMKSX1 396 43357.1  6.41 3894 81.74 -0.286
4 13 SDZ3 S P CMKSDBI 396 43365.1 6.41 3901 8298 -0.284
5 23 SDB3 K R CMKSDB2 396 43381.1 641 3817 81.99 -0.287
6 29  BJ2,HBHI,HBH3,NM3 F Y/L CMKNMI 396 43371.1 641 3879 81.99 -0.285
7 46 BJ2,HBHI,HBH3,8X2 s L CMKNM2 396 433851 641 3879 8225 -0.284
8 48  BJ1,SDZ2,SDZ3 L F
9 54 SDB2 s oy P00 LL
10 69  SX3 T I
11 81  NM3 E G
12 90  SDB3 E G
13 109 SDB3 N D
14 114 SX3 I \%
15 139  SDB3 K R
16 176  SX3 K R
17 179 SX3 I %
18 180  SDB3 D G
19 256  HBHI I \4 B8 AR~ S SmCMKEE cDNA K5I tL 3¢
20 266 SX3 M I Fig. 8 Comparison of ¢cDNA sequence of SmCMK in Salvia
21 267 SX2 \Y4 A miltiorrhiza from different regions
22 269 SX1 1 \ CMKSXEE
23 282 ZDZ3 K R CMKHBHZ:F &
24 287  NM3 N S CMKSDZ3:F %
25 312 sX2 \% I gﬁii
26 344  NM2,SDB3 \% CMKHBZ A
27 365 SDB3 \% A CMKSDBEHA]
B9 SmCMKEREAREFhERBRESH
28 375 SDBI F L Fig. 9 System cluster analysis of SmCMK from different regions
29 378  BI2,HBHI,HBH3,NM3,SX3 E D
30 392 SDZ3 E G 3.5 FERFRAEYE A SR R S AR e R
31 396  SDB3 T S P A [F) 7™ b BORRAE S A RO o & AL, SRR
32 398 BII E G Ii) 35 AL 1) A sl S 1 SNPASE o, X6 ELA 4 S 1
33 400 HUBI,NM3,SX3 T A B R LRy B RE AT o3 B H 8 S A 08 oy

T 3 [N RS LA R LR S AEFEASTE 756 bp Ak 11 C 5 [ 7
A REXT R AR S S RIEAR A —E . B
7 S DR SR e 8 A e L B B i
A CTEARBI o PG 35 (1L AR HAE 3 5 Al
b 15 25 R A 2 R R A B T R R Y R
S, ATRE X F A A D REIE R — E R R . WA

12~14,3% 10,11,

AR A A DG

TE 2 AR PR LA v, P2 1L, OB 2
I 0 X0 SDZ1FE v, i B B B AR 4 NM2
FE & . SDZ1 By SmAACT 3 [H J¥ 31 h |, 289, 761,
1 000 bp Zb 435110 A, G, A JER AL, fE 5 HoAlb B 47 )7
SR, A-G-A FE K AL AT RE XS PF 200 11, = 75 i 1)
o W B A — E BTk s NM2 9 SmAACT KX 7 %1 v |
662,812,1 259 bp &b 735l C, A, A B AL, C-A-A
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Fig. 10 Comparison of amino acid sequence of SmCMK in Salvia

iR )
HoH H H

oo
HoH H

i

AT

[~ B - B~ B~ — I~ S — - - B~ N~ - A~ O~ O I - A — A - - ]

miltiorrhiza from different regions

FE AR RE AR & WO B — o Tk .
SmCMK KA 7% v, SDZ1 #E i 75 929 bp b Ky T 5
PR, NM2 JE R 7 356 bp 4b b G 3k A, A 5 HiAth
FIE A e 90 A DX 43, Ak o 02 e AR 2 R e v A
R, SmIPPIFEH 74 i, SDZ1 KE 5 76 886 bp 4b Ky
T R A, NM2 JE K 7E 97,454,837 bp &b 50 51 R G,
C,G A A, fig 5 I A BT A )7 50 40 X 43, ATk kS

M 1 2 3

2 000 bp

1000 bp
750 bp

500 bp

250 bp
100 bp

A
M. Marker; A. SmIPPI 3£ K PCR; 1. HN3;2. HN2;3. HN1;4. BJ1; B. B PCR; 1. HN3-1;2. HN3-2;3. HN3-3;4. HN2-1;5. HN2-2;6. HN2-3;
7.HN1-1;8. HN1-2;9. HN1-3
B 11 SmIPPIE[E ki
Fig. 11

Gel electrophoresis results of SmIPPI gene

F10 SmIPPIE[E A [E 7= & E B SNP 45 R ML=

Table 10  Specific SNP number of SmIPPI from different regions

AN SRS B SERERNA . S5 R
PE L3 O i K 22 S 0 A [) 56 R SNP A7 8, O A XoF
HA 79722 S 0 R S AT 8 B A B T A 5 A AL
B3 B R G 19 388 15 FRAIE
4 itig

UL AE K, B E DNA 43 F A il 3R iy Pk % Jre
YE R 38 = Ao Fhric B AR , SNP K I £ A 78 48 9 4%
Js % A Ak D G B ST B B 2 Y D pE 3k
[N Z2 25 1 5l 0 ot B8 A 25 R0 9 DDA G, O T BiF 5
AN [ 7= b 245 FH A ) Y BT o M A AL B A B R
S OGN %P S SmERF A AT SNP 43
BT, & BLAS T[] 7 b A ot 5L 7 b R S g 6 DAY, R
WA S AL RUFE S ) 7 ) 1 e I s W 2 25 L L
BRI MR SmERF 3 [H ] 42 7= M 25 % L A
BEAE KPS % B R BRI IE L [E B, CUT S
i 3 0 PF S BARMR A SmAACT H P SNP 43 #r , &
BT 33NN, HRI = e 73 AL
F+2 SmERF 3£ [H SNPs {1 53 45 . — 5.

I AMER X ITS 791 i 55 o 55 P 4FR 57 PCR 501 O
ROSH TR N ZHN A 8 S SNP A s 51T

M 1 2 3 4 5 6 7 8 9

B

H PR Y 177 243 318 381 465 492 531 564 651 654 696 756 881 894
IPPISX C C C A T A T G T T A G A -
IPPIBJ C C C G T A T A G T A G A T
IPPIHBH T C C G T A T A T T G G A T
IPPIHN C C C G C A T G G C A G A T
IPPIHUB C C C A T A T G T T G G - -
IPPINM C T C G T G C G G C A G A T
IPPISDB C C T G T G C A G C A G - T
IPPISDZ C C C A T G T G G C A C A T
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Fig. 12 Comparison of cDNA sequence of SmIPPI in Salvia miltiorrhiza from different regions
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- % B 95 25 £ HPLC 45 20 P8 38 0 91 B 3 14 19 SNP 53

PPISDZ 8 BE AL AS T R TR 72 P 2 1 4 5 e R )
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WA T FF 2 0K S 6 A% o i 1 45 5 O PR
Fig. 13 System cluster analysis of Sm CMK from different regions = ﬁ = s ﬂ = ﬁ )& bﬁ ﬁ = /ﬂEE HR E/J q:T T EES

AW 58 AE X SmAACT, SmCMK Fl SmIPPI 3 [ SNP
R S PRSI W, BE 08 DR TR A M SO NS FBE R Sy k4 ik B 18, 16, 14 A £ A, Hoh
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Fig. 14 Comparison of amino acid sequence of SmIPPI in Salvia miltiorrhiza from different regions

F11 SmIPPIEABENER
Table 11 Physicochemical properties of protein of SmIPPI from different regions

H A SOEMEBUA O MM RiE/Da HISHHSEME ARERK [EYES 4 RS N i
IPPISDZ1 236 27 191.1 5.29 27.87 94.53 -0.302
IPPIHN2 236 27 165.0 5.36 27.87 94.53 -0.310
IPPISX1 151 17172.5 5.17 41.47 88.48 -0.240
IPPISDB2 236 27 191.1 5.29 27.87 94.53 -0.302
IPPIHBH2 228 25847.4 5.13 32.70 99.56 -0.304
IPPIHUB2 234 26 845.6 5.20 26.03 90.34 -0.311

- 105 -



27 B 134
20214E7 H

[ 5238 75

Chinese Journal of Experimental Traditional Medical Formulae

"
FAE

Vol. 27,No. 13
Jul. ,2021

SmAACT 3£ X J¥ ¥ 45 30, 846, 894, 1 032, 1 146,
1212,1 27243 i Ab , SmCMK 1K 5 /9 7,1 135,
1255, 1 299 i f5 4k, SmIPPI 35 R 51 19 55 319,
381,492,531,564,652,655,697, 884,897 fii s 4b ,
AN TR 7= MR P; 2 1 2 B W) S st A% o Ak

2 bK 5T P B A BT 5 2R 1 A s AR T SR
B b = F AT O Hoh 25U Sy S D E 2 b T
I E R R 258085 KRR T AR A A A
Py 25 A AR Y U AR AR R R R G
LK RGOk A . AL rh g 3R,
SmAACT J2: H ¥ 1% R (MVA) 18 i & 42 o 19 2 1R
it >+, SmCMK %&£ H b 75 B 1%/ 12 H 3l 785 (DXP) IR
AR L — B, EE BN S S BR
R v B 45 2] cDNA 7 91, I & 3 H 5 12
B A OC . SmIPPLJE il 28 4k & W) A= W & m ik 72
W A T

A 52 5 3 ) B 5T AN (6] 7 b PR 2 T g ) SNP
L8RS T A = P S e R R A, [ A, ™
A S M B DR Y L 45 R SRR 28U AR A
fE 55 FLAb T A7 7 Bl AH DX 43 00 R S SR R Y, O 5
B EAT — @ MH M . RSk AT LR P2 T fig 25
HEAT MG M ST, 37 KR 0 B SR A &, G
W Z P S A R A 0 OG5 B W] B K A ™ B
YA IR R Y R 3 K SNP-filg 3 14 2= 5 -1
oh ] 7 ) 22 S AR ) 25 S - 2 R T 2 -
HiRE SR T — SRR R IR R . KA BT
TR ARG LI A T 25 BT X P 2 28 A AR
o3 BUR B PR o 25 B 55 = BT i B i 28 B
WA, AP R A R 2R PR AR A R AR
BB = B AR A i Bl AR A RO A Jerh
(] 447 oA ) I A g FH 2 1]
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