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Single nucleotide polymorphism of squalene synthase and squalene epoxidase genes
and their correlation with content of saponins in Eleutherococcus senticosus
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Abstract: Objective To screen the single nucleotide polymorphism (SNP) sites of squalene synthase (SS) gene and squalene
epoxidase (SE) gene in Eleutherococcus senticosus and to analyze the correlation between each SNP site of SS and SE genes and the
content of the total saponins in E. senticosus. Methods The contents of the total saponins in E. senticosus were detected by
spectrophotometric method and divided into high- and low-content groups with significant difference (P < 0.01). RT-PCR method was
developed to amplify SS and SE genes. SNP sites were screened according to sequencing result. The correlation was observed by R x C
%* test and analysis. Results  Six SNP sites existed in SS gene of E. senticosus, among which 704 bp site led to missense mutation and
other SNP sites were synonymous mutations. No SNP site in SS had significant correlation with the content of the total saponins in E.
senticosus. There were nine SNP sites in SE gene. Sites at 164, 199, 227, and 232 bp were missense mutation while at 279 and 285 bp
were synonymous mutations, and all of them had the significant correlation with the content of the total saponins in E. senticosus (P <
0.05). Other SNP sites of SE gene were synonymous mutations and had no significant correlation with the content of the total saponins
in E. senticosus. Conclusion There are SNP sites in SS and SE genes of E. senticosus. AGAACG located in 164—285 bp of SE gene
could significantly correlate with the high-content group of the total saponins in E. senticosus. TAGTTC located in the same sites could
significantly correlate with the low-content group of the total saponins in E. senticosus.
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R TN Eleutherococcus senticosus (Rupr. et
Maxim.) Maxim. 2. 25, HIgn] A2y, JEFE L
Gz i, BATRERGRE 1. PO
PR LA BRI . R R T ) 2
RSS2, RN =k 2 A S 3 AT R IR
pE- ST R VARRRMRACY /L% NS B A5 At o= € i O |
SRR, e R R 2R o
FR IR 5 R i At =i R H AR A U A
AR, FEZIEAET P 70 1 VAN I E — W% 11 %
{7 (squalene synthase, SS) AL F4i G
— T EEP), MR B BRI AR (squalene
epoxidase, SE) [FEAL A HK 2, 3L B RS,
ML — FR AR 5 o 2 A2 Jl AT DA SRR by ik
T B R BT LE N K A R =R S e
AR, SS A R Al =i e R 2
fibh 1, SE JEPZE RNAL ZbHLS =5 217 10t
bt FEARD), DR SS JEIKIHI SE 5 D8 2 P 5 BRI
[ R A B AR o RS ], e =R
A A 2 I O, LRI 1 AR B T
SR UK IR,

FZ AR 2 251 (single nucleotide polymorphism,
SNP) WAL DNA g WL — R gL A4 5
A SRR R R AL 2 SNP i R T
18R — ANFGTR T o b 2 ST o P i R
PUH HE bAS FEF Galid X AT 94, 254 bp 4b 43 HIAFAE 2
AN SNP A7 ii, JEHE) 5 H B B2 A SR SR
g S R SR R 2 WAL TN atp6 PRI T 6 A
SNP, A% 59 bp (1) SNP 7 5 M B Jfg B PEAS
[EERREALIE e RTE S N PR

HRTOCT RN SS A1 SE JEPK ] SNP 7772
3 BT 2 5 ) S A DG RIS I R AR
T, ARSI 50 T % 3 0 SS T SE e BRI 44
IR AEAEIR) SNP A7 5, 12 H 5500 o S B =
FR, LA A 1) B R T n el e R 2 R TR R 20 T
BRI A 5 TN 73 B Rl G A -

1

PN 53 AR B BRI Y, AR
WEE AR MR O, R, LT AR LY
W2 Rl K9 AR IR X 0 3 SR B AR Rbk, &
ANFEHL 6 BE, S 42 Bk, SITHREES K A R A
It TS SR ) 225 52 65 by TRk T i R 4 R
Eleutherococcus  senticosus (Rupr. et Maxim.)

Maxim. o AAE T A KSR, DAAR R 2511

BT B URAFEO A0 FOInE RNA 506 EL,
FHEICE AR AR ] R B RS S AEA T
DN 3 e

UV—9100 4b-n] Wor 66 EEA (b st Hm A 7
MHX2$ A 7]); KDC—I16H i & 2020 Hl; RE—
5277 WA RAL (L RANAE) s iz —H
TRV (B ZRAES) ;s KQ3200DV A %7t
FEPAFTEAE (RIS NESARARD; 045 pm
EF A UL BE ML 2% s FW 100 B v 5 RE R HEH L
(R 2R R AF]D.

S5 SR TR T L ) b 24 AR A R
B, #t'5 4 110709-200505, FF =&, WK, H
BE CBE AmkE) o = o dral, s i aEa g
4l 7K. RevertAid™ First Strand ¢cDNA Synthesis
Kit 24 Fermentas /A ]/~ f, RNA $EEGRF G AT
JEREEE DNA ISR &E I 3 KR A4 B (db
7)) FTMRAT, LA Taq BEF1 ANTPs 206 [ Takara
YNGIP
2 FHE
21 RAMBREFHEWNEMSH

2 W SCHR 7 i, o R I R
.
2.1 RS RIEI RS R R IR R
il 10.45 mg, ‘& 20 mL SIEH, I H R S 2%
it e T 4 CUKAETH & H .
2.1.2  AEAAEg KR o T 70 CCHL
T, B AEEFRBOR TR K 0.5 g, E 100 mL
5 JEE B IF N 25 mL 95% Z K%, #7545 min,
PRSI J5, RIS BRI N IET,
BT, BREWERTT 25 mL KT, 15 mL £k
NG 3 WK, KB K MR IE T B 15 mL $2 L 4 X,
HHFIE TR, WEZET, SRV PR R
£ 25 mL ®mIET e R R ZE, A5 0.45 pm
VBB, BB A A
2.1.3 &VELARFE WEMIE 50, 80, 100, 200
300 pL FHBCRBRA S 2 U T, T 0.5
mL 8%t LWV 5 mL 72% IR, 1. &
60 C/K#IN# 10 min, HHRE BIKHAED 15
min, BAEFZ A, 2 5I00E 543 nm ARG RS
B, Zemlbrik e, 7500 s o s 2 i EDE gy
A Y=121.26 X+3.9494, r=0.999 6 (n=>5), %
PEJEFE N 3.78~22.69 pg/mL.
2.1.4 RS S 0.015 mg/mL ) fhn
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T 0T FE A PRI R 2 ol D e RO REAE 5 ok, vHERIBO
FE{H ) RSD 4 0.98%.

2.1.5 EEMERE  KEERI0.5 g Ml Fonm ok
K6y, Fi “2.1.27 T J7EH & Ak il v ol
SE WO REAE, v 2 iU 40 4, JLRSD 4 2.5%.
2.1.6  FRETERES KRR 0.5 g il FUn ok
A, % “2.1.27 W74 A S, F5B% 30 min
e, L 5 Wk, H RSD K 2.62%.

2.1.7  IFEEDSCRIRES RS FREL 0.5 g ot
RO S 4 20 AN 52 S SR R FE
T “2.1.2 7T v A AR S VRO I e RO A
HAPRICE K 97.4%, RSD 4 2.35%.

2.1.8 flFUin SRR EANE A AR E 1)
SOEAF R, N SPSS 17.0 #EH 42 BRI FInR] >
H R BEERN S .

22 HFA0SS 1 SE EE Y HE K SNP L= HIS T
2.2.1  JFOE RNA P S0 5% FREC0.1 ¢
S N R, e B AR ) B B E) s
RNA. % Revert Aid™ First strand cDNA synthesis
Kit Ui EsK, B 3 uL & RNA, SFE5EN
cDNA.

2.2.2 filFihn SS A1 SE FEF YR ARSI o
SS I SE LAl ¢cDNA J741, it 2 X514, SS Rl
514 ES1: 5°-TAGAGAGAAAATGGGAAG-3’, Fijf
5% ES4: 5°-TCACAGGCTATTTGGTAG-3’; SE I
Wi51% ESE-S: 5°-CCAACACCATGAATTCTTCTTC-
3, N5 ESE-X1: 5-GAAGGCCATAATCACTT-
TCTTAG-3’s SNWAKZ 25 uL, i E RIS % 1
uL, 10X 22 (4 15 mmol/L MgCly) 2.5 uL, 2.5
mmol/L dNTP 2 uL, ##i ¢cDNA 1.5 pL, LA Taq
1 uL, ¥ dd HoO %2 25 pLo B 451 R TR 1 94 °C
5min; 48PE 94 °C. 1min; Bk 51.5°C. 30s; 4
i 72 °C\ 1~2 min. 35 MEF G 72 ‘CLEA 10 min.
2.2.3  PCR“HIEMCSIE B 10 uL 373474
FE 1.2%3 R R e vk %52, BAME TN H T
B BRI DO & i 5 2R AT [l 2l s
HEN A, W55 PCR 15 M- A o I T
YEH Takara 23 &) 58 i

2.2.4 SNP A2 Hr  HH Clustal x 1.8 %A},
00 P19 230 T 0 SS Al SE 41 3EAT LE XS 43 #T
itk SNP A7 s, [A]AF i@ DNAman 6.0 #AE% ik
F AR R S R e 5 AT EEX

225 Gulrnd SRR R, AREL AT

HECKH RXC 3 A K. P<0.05 2254 .
3 ZBR55H
31 FESS EE SNP £ 5097
TP R E K 1258 bp, JLR DL 6 4 SNP 47 1,
I3 AR TG 5 177 bp AL RAE C/G B
e, 704 bp 7 A &kAE A/T Hide, 708, 789. 1024,
1 125 bp {7 UK T/C ¥4, LL 704, 708 bp AL s
o), WIE 1. Hi 704 bp A7 55 5 AR S BULAT A
Wb R e AAAJATA [R254k, 6 N 1) 38 L1
W H I 2 TR/ S TR I U, A SOy s HoAt
PR FECE RE LRI, MR R, &
J¥ 5 L 4E GenBank vEMF, 2 & PEAT 55414 CATTCT,
CTCTTT. GTCTTT. CATTCC F1 CTTCCT [
GenBank &35 4350 HQ456917. HQ456918.
HQ456920. HQ456921 #1 HQ456922.

T A A A T A T G T

1 MAEFRIARIEN SS ERE SNP {5

Fig. 1 SNPsites of SS gene in E. senticosus by sequencing
3.2 F|FHn SE EFE SNP i 5 HIT#HIE

M B K JE S 1684 bp, JLARIL 9 A4 SNP 47 545,
Iy R R S 7 G 164 bp A7 KA AT ik,
199. 227 bp £ S & A/G H4e, 232 bp £ Sk
A/T Hidle, 279 bp {7 miKA: T/C Hedk, 285 bp A7 s
R G/C s, 1083 bp A7 s k42 A/T Hitdfe, 1143
bp 7 5 K& A/C i, 1 347 bp A7 55 k42 A/G Bt
Hrp 164, 199, 227 F1 232 bp A7 5 1 584 S EUH W
PF BRI 25 1o k4 ATC/AAC. GTT/ATT.
TAC/TGC Hl AGC/TGC 24k, 87 1) 28 SRt 73
ST R IR/ RARIR . HRAR/ Frem R
AR/ W R 22 5 R/ e 2 BRI, AT X
AR, HABAL R T A SR L, A [
Ay, LAy B FH N SE FEIA ) SNP A7 414
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30, 495 AGAACGAAA. TAGTTCAAA Fl
AGAACGTCG, #/¥FICfE GenBank y1M, %%
S35 JF818128.1. JF818127.1 Al JF818129.1.
33 RAMREFMNELER

AR ) 1 = NI D S =N R 1Ot o O
0.883%~3.366%. >K ] SPSS 17.0 & A4-Kf 42 #kH i
Tkl o HA R 255 (P<0.01) 1) i s 4RI
HAH., P REHALSESHRESECH 0.883%~
1.554%, 3L 19 Bk, b= i . 25 Fign o
%6 PR, MSPH 1 Bk mEd4ln BT E S
2.223%~3.366%, 3L 23 ¥k, B . A,
WS 6 K, XSV S Bk, w0 R R R
O BURRE AL 2.29 5.
34 HFNSSFASE EFE SNP i 5FAMEE
HERHERMSE

1N SS Al SE FEPK SNP A7 5 5 i) i n s e
I SME BT 45 L2 1. Hoh SS FE X 6 4~ SNP
ARy ISR EB P R (IS P s )
2| SS FEA) SNP {7 sidl & 54, 730l CATTCT.
CTCTTT. CATTCC. CTTCCT Al GTCTTT, Hh
CTTCCT A& B PR o S 2 5 e 35 vy
T HABFE K AAMA (P<0.01), GTCTTT H: [ AA

F1 FENNSSFSE EE SNP LS S5RAMEEHE
FRSEMERY o RG4S
Table 1 7 test of correlation between SNP sites of SS and SE

genes and content of total saponins in E. senticosus

FHE A {7E /bp T EAR P!
SS 177 C/G 2917
704 A/T 0.058

708 T/C 0.630

789 T/C 0.467

1024 T/C 0.630

1125 T/C 0.467

SE 164 A/T 7.000"
199 A/G 7.000"

227 A/G 7.000"

232 A/T 7.000"

279 T/C 7.000"

285 G/C 7.000"

1083 A/T 0.194

1143 A/C 0.194

1347 A/G 0.194

LG AR A A S "P<0.05

Correlation with content of total saponins in E. senticosus: P < 0.05

AR FOI R BT i B AR T AR R M (P<
0.01), CATTCT J& PRI B AN 1) S 2 50 0 S e 82 e
K, I RHZE 3.41 15,

SE JE[A] 164+ 199, 227, 232, 279. 285 bp ] SNP
A7 55 SR TR R I R R EAOE (P<<0.05), XLk
A7 R TAGTTC A2 b s 2 P bR s A A,
AGAACG At bR TR fle HoAth SNP A7 2 5]
Fn S SR M A ARIR B E K. 5t SNP A7 A1
HAEM S » AGAACGAAA AT AGAACGTCG &A™
rR oS B E R E ST TAGTTCAAA JERR
AME (P<0.05). 1H AGAACGAAA HERTAMALE
7 21 A%CELMA, 117 TAGTTCAAA FEKAIAMA
AL R AN
4 g

ANTR] 7= ) T PR 245 FH R4 B TR A7 AR K 22
O A Z S Bl sz, A ST R AR
Y ) T o0 sk B2 ) A A Wl 2 o A IR AEAR
4 5 IR = A R R 8 IR AE ) OE B AR
BPTI R, ;= A FAR SR G R S RS A T
D], 75 30K e 3L DR 3 08 1) A A PR B R 5 it A 1L
SRR, ARBIFST R Ol T RESTE S B £ () SNP f7 5,
TRER T M PR RO 7 A7 ) O A ST
s B T IR G PR B AR R A R X o T s
TR, AR BOR TOIAEAR I A H T 3 4
A ARAKRERGUAB AR RERE, N2 A R R A
THFISAE T 1A JG 1 R — B R B A R AR AR,
(Rt A SR ) o0 2 e R SNP A s A AT
(IR R, T 5 B B2 MR T BRBE 45 P R A A
PRAF S S5 R ant A5 DA 28 P ass I ()5, (S 45 e
g A b S Bl B AR ) R TR DG B DR I —
T EIIPER

AWFFEH I H 6 N FUIN SS A SNP A7
RS AN SCHRART AT 1 AN B IR R K A
AR/ et TR SCO AR (A7 mU 5 R S 2
(AT AE BF A . — A SS e T
SRS ), R RS TR,
W 235 ARG & R AR, WEBHEA 2
PSR, HILES I XA R X Ui B 235 A7)
AR S8 S B AR IR e B SS R I
B, BT SRR SS AL IR E R i iR 4
B B W RS A Ao (R H R o SE 2R A
[R5 AR SCRARA 1, X 1083, 1143, 1347 bp
A w5 ) B2 R () JEAH G, 1T 279 bp A A
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285 bp i i 5 R 2 B R A A2 TR 1) 164199
227232 bp A7 s34 5 0 B R A R
M. Z BT LI RIS, e DK A AEAS SE 56
R rIAEAS H, SE JEBR ) SNP A 25 I AEBEHL A1
FEFTRCI BN 3 A SNP 47 5S4 A28, |/ 6 4
SNP {7 f5. 41 51X AGAACG Fl TAGTTC 2 Ffi . Bl 279
bp F 285 bp A7 a1 2 N LRAE L 164,199, 227,
232 bp 7 RS LR RIEBIN S, SUEHIE, 5
3 AN SNP fi7 i 40 &4 AAA FI1TCG 2 B, A
6 MG 3 A~ SNP A7 sl A R B B 7 i 5 ) Ton
T R PR R DA A 45 2R 23 ] — 3

BRI E AT AR IR R
(flavin adenine dinucleotide, FAD) %54 X fik, %X 1,
W E| 5 FAD 255 IR 20, IXLelELL FAD Sh4iilh
K72 5Lt O, EEEE. = awE
Wy e it ir s, il Foin SE ZE 3 4> SNP
SRR 465 5 FAD 456 BT T8, HAEZT
HINEH Y 279 bp A1 285 bp {7 £ SNP K51k & F
PRI . 15 SS AHBL, SE o2& e 1 4 5t WA L ()
B, AR BRI 3 ANSERIR R TN SE (1
A AR 2 DM TRIETE . H A SNP {7 s AN7AE
TSRS 4, XU 3 A~ SNP FEDK AL Fn )
SE W HABEA B AL RE Sy FIAH [R5 B 4R . R AR
FURI) BRI NTRY, SE T 4 {7 4 752 R
IR TR 2RI ME SRR oo d
TR\ PR R I M LA 75, e
(extended strand) /b 1/, BHE (B turn) N 1
A, TRIE AT R R SRSk P = A — e AR
Mo IXECAR L DASR T O WY H [ IR RN I 2 ]
FEAE 7 N, B sg i i) =4) 2, 3-8 Bk
L= =il AT IR

2 FHRE ) O AR AR 7 ) 2 e 5 PR BT 2R R
52 (AR B SE R =t 5 2L A 2 AR 4 AH
L, Fon s AR 15 5o fE B D, ML BT AR R
TN RO, S BUN Rk AR B 55 AR DA iE
APHRIIZ I8 RS £ 0 Hfi 12 SS i SE 3
IRIAEAE I SNP A7 5 38l 1, 2047 T 4% SNP v 55
FUTOIMS ST B AHOR R R, sl fon e 2
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