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WEK (P<0.05), HABAL SN R SCHEAR, 500 Fohn e 81 B (A 06 g A oGk . 4518 I Tohn SS Fl SE ZEMA#7E SNP, SE
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Single nucleotide polymorphism of squalene synthase and squalene epoxidase genes
and their correlation with content of saponins in Eleutherococcus senticosus

XING Zhao-bin', LAO Feng-yun®, LONG Yue-hong', LIANG Neng-song', CHEN Long', HE Shan'
1. College of Life Science, Hebei United University, Tangshan 063000, China
2. College of Pharmacy, Hebei United University, Tangshan 063000, China

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
y* 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 FL N Eleutherococcus senticosus (Rupr. et
Maxim.) Maxim. . 25, M0 A2y, ZEHE L
Gtz i, BATHRRGE ). PO
PURE LB PER . R R ) 2
WAy, RN =i RS Y LS R R
pE- ST R VARSRMRECY /7 NS B 5 At =S i O o
SRR, e R R 2R o
FR IR 2R 7 I IR AR =k S AR U 2
WiRAE, EZIEAETh P2 T RVER L AL — iR &
{7 (squalene synthase, SS) [FEAL N4iE N
— N TEED, BRI B AN (squalene
epoxidase, SE) ML T4k 2, 3-8 4L 84, HE
M R A S fe 258 A il A4 LA SRR Ay Ak
Tl BT () SR AE 9 5 R =S 2R . A A
REREA, S e D] R A i AT = S R R v 2
LA 1, SE JEPZE RNAG ALF G =5 2 i
b2 B, DRIIE SS JEPHAT SE JE R Y43 B I
[ TG R A PR B SCBEAE T, 2 =ik
AW A I S B 1O, LN 1 A B AT
SRR R KR AR,

FUIZ TR 2 251 (single nucleotide polymorphism,
SNP) JEARERA] DNA Hig WL — g 4% 4
AN AR SRR LN 4 P 2 SNP SR th
18R — ANFFTR T oy 2 S5 U o T P i R
DUH B bAS JEN i X A 94, 254 bp A5 BIA7AE 2
A SNP i, JE4kE) 5 H B R B A SR LD
g S SR R 2 RASE TN atp6 PR IL T 6 A
SNP, JLA55 59 bp 1) SNP A7 1555 H8 0 ff J e S
LEESREA LR RTE SV P

H RS THI A SS A1 SE JER & H SNP Jyi2:
I3 W PR 5 0 0 A DR M RIS 1 R L AR
A, A S50 38 ] ) #1000 SS A1 SE PR R 4 AT
I EAFAE I SNP A7 A, W A 50 o s 2 s
KF, LU A ) WY o in e S B 22 R TR ) 0 1
AL A 3 TN 231 3 R LA .
1w

P TOIN G A R B RIS P, AR, B
W AR WO, R, LT AR
W 55 1L 1 X FARORAP X I 3 AR AR AE Rl R
AT 6 B, SL 42 Bk, @RS KA A R
It TS S0l ) 25 52 65 7 by TRk T i R A R T
Eleutherococcus  senticosus (Rupr. et Maxim.)

Maxim. o AAE T A AR e, DAAH R 261

BT B URAFIU Fr A FOIn s RNA 25U EL,
LG AT ALAR KBRS AL AR AR
D 3 Fon S R

UV—9100 54b- AT A3 H AL CAb 5 Hi A 53
WHX2$ A 7]); KDC—I16H i & 080 Hl; RE—
5277 WA RAL (LHERANEE) s Jirz—H
TR (LTSRS D; KQ3200DV A i
FAPGFEAE CRILTHE A ESERA D 0.45 pm
EF A AL UE MR I 2% FW 100 2 =3 5 s ebL
(R 2R R A F]D

T IR TR R ) 1 24 A A A
B, #5°4 110709-200505, & 2%, WM. M
WE. CWE. AkE) o [ o pral, T ek e
2liy%/K . RevertAid™ First Strand cDNA Synthesis
Kit 4 Fermentas 24 5]/ i, RNA $HEHGR G LT
NEBEAEER: DNA [FISCR ) & B R AR AR (b
) ABRAF, LA Taq FEf1 dNTPs 346 H Takara
NG
2 FHiE
21 FEMBEHEERNEMNSA

2 WESCHR 7 U, e R I B R
&=
2.1.1 ORI R PRI R RN R
fh 10.45 mg, & 20 mL S, DI B B AR 2 2
e T4 CUKAEh 2 H .
2.1.2 KA KR o 70 CCHt
T, K o R BRI FoMRY K 0.5 g, & 100 mL
[ JEE B P IF N 25 mL 95% £ 1%, #7545 min,
PR IEIS JS, RV IEE BRI N DB, T
BT, BREWERT T 25 mL KT, 15 mL £k
N 3 WK, KE B K MLUFDIE T 15 mL #2504 X,
HHFIE TR, EZET, SRV TR R
£ 25 mL T E R R ZE, #A)EL 0.45 pm
JERE,  SEIRAE A HEAS
2,13 KMEXRFE UL 50, 80, 100, 200
300 pL FFEURBRA S R s T, 0.5
mL 8% 7 HL I Z WV 5 mL 72%G 1%, TR &
60 C/K# I 10 min, HHHRE BIKHAED 15
min, PAEAAAE A, 2500 543 nm ARG B
B, ZxilbriE e, e ) o s 2 e A gy
A Y=121.26 X+3.9494, r=0.999 6 (n=>5), &
PEVEFE by 3.78~22.69 pg/mL.
2.1.4 EERE KBS 0.015 mg/mL # TR 2
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0T FE S PRI VR ol D e RO AR 5 ok, RO
FEAE ) RSD 4 0.98%
2.1.5 EEMERAE KB 0.5 g Ml Funm ok
K64y, Hi “2.1.27 T J7 V2 A AR Sl 5 v -
SE WO REAE, v 2 AT BT E 40 4, JLRSD 4 2.5%.
2.1.6 FRETERAE  REEAREC0.5 g dFUn ok
AR, $%“2.1.27 BT iEA & HHR A, BEF% 30 min
e, JE 5 Wk, H RSD K 2.62%.
2.1.7  IFEEDSCRIRES O RSEFREL 0.5 g ot
FOREAR S A 20 AN — 32 B SR R G FE T
Fie “2.0.27 07 A A I I S WG AR
HP AR K 97.4%, RSD A 2.35%.
2.1.8 MTInE B ENE S AR E 1)
SOEAF R, N SPSS 17.0 #E¥ 42 R T0INRI 4>
M EAHBEERNE. KED.
22 FFH0SS FA SE EFE A 1K SNP {iLm B2
221 FIAINE RNA PS5 FREC0.1 ¢
ST R, e R & ) U B A R ORI T AR
RNA. # M Revert Aid™ First strand cDNA synthesis
Kit B EsR, B 3 L & RNA, il
cDNA.
2.2.2 filFihn SS A1 SE FEF YR RS A o
SS 1 SE JE[Al ¢cDNA J#41, it 2 X514, SS Rl
514 ES1: 5°-TAGAGAGAAAATGGGAAG-3’, Fijif
5% ES4: 5°-TCACAGGCTATTTGGTAG-3’; SE I
Wi51% ESE-S: 5-CCAACACCATGAATTCTTCTTC-
3, FUF5 14 ESE-X1: 5-GAAGGCCATAATCACTT-
TCTTAG-3’. RNAAZ 25 uL, b E RIS I 1
ul, 10X ZZyR (% 15 mmol/L MgCly) 2.5 uL, 2.5
mmol/L dNTP 2 uL, ##% cDNA 1.5 L, LA Taq fiff
1 pL, #h dd HyO %2 25 plo N4 F A TAE T 94 °C |
5min; 251 94 °C. 1 min; Bk 51.5°C. 30s; %E
72 °C 1~2 min, 35 MEF 5 72 ‘CLEAH 10 min.
2.2.3  PCR IS IT B 10 uL 33474
16 1.2%3 IEREde e - Wbk 5, EAMGRYI TR H K
R B H BRI DO & vt B AT [N alifb 5
HEN T, WF51495 PCR 15 M- A I L
YEH Takara 23 ) 58 o
2.2.4 SNP 7 s 534 M A Clustal x 1.8 #fF,
40 FEAS 2 %) £ SS AT SE A HEAT L XS 2 #
fifiie SNP 47 14, [l iE ik DNAman 6.0 #FH% Lk
7 BRI PE A S HE R 7 134T LU
225 Gutind SRR R, AREL AT

HSRH RXC 3 2 K. P<<0.05 b 22547 k.
3 HRERH

A kr;jq 1258 bp,it%zfm/\ SNP 7. £,
I3 AN GR FAS T IS 2R 177 bp AL UK AE C/G
i, 704 bp {7 miKAE A/T Hid, 708, 789+ 1024,
1 125 bp 7 fURAE T/C 4, UL 704, 708 bp {7 i1
o, W 1. Hod 704 bp A7 5 154 S EESA N
ALEI’JW%?EE AAA/ATA 840, XN 1) 28 SE IR
0 A 2 R/ e R (M AR, O LA s oAt
PSR TG BRI MR, A LSRR . %
J¥ 5 2L 4E GenBank VEMF, 2 & PEAT 55414 CATTCT,
CTCTTT. GTCTTT. CATTCC #HI CTTCCT ff
GenBank 357078 HQ456917. HQ456918.
HQ456920. HQ456921 #1 HQ456922.

T A A A T A T G T

1 FFHIARIF AN SS EE SNP i &
Fig.1 SNP sites of SS gene in E. senticosus by sequencing
3.2 FFhn SE £FE SNP i = HIFIE
MK A 1684 bp, JLR I 9 4> SNP A7 45,

Oy 5N R S 7 G 164 bp A7 KRR AT ik,
199. 227 bp £ K E A/G Hfe, 232 bp £k E
A/T Hiid, 279 bp {7 kKA T/C Hefk, 285 bp 7 s
KA G/IC Hidfe, 1083 bp A7 UK A/T fitdhe, 1143
bp I S5 R A/C Hiffke, 1 347 bp 7 BURE A/G #Hifhe

b 164, 199, 227 F1 232 bp Air 584 S 3001 B
u RS T k 4E ATC/AAC. GTT/ATT.
TAC/TGC 1 AGC/TGC [FZZ4, Xf . [ 2 SE IR B 4y
ISR IR RA AR AR/ s 2 @%
AR/ R 22 I8/ V- AR s, A
RAR, HABAL iR T A B2 LR L, jJIT
5AE . SLAy B F N SE KA ) SNP A7 55 414
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34, 75l AGAACGAAA. TAGTTCAAA Fi
AGAACGTCG, /70 AE GenBank yH M, %3k
S0k JF818128.1. JF818127.1 Al JF818129.1.
33 AAMREFMNELER

U I NS TR VR = NI I S =N S ol
0.883%~3.366%. X JH] SPSS 17.0 #AFH 42 KR 11
ki oy HA R 22 R (P<0.01) 1) & & 4LFIK
Y. M EREA L S R ES N 0.883%~
1.554%, F£ 19 Bk, o r=Hufrim . HE5 Fg I O
%6 FE, MPE 1 OBE; mEdLR ST I HON
2.223%~3.366%, 3L 23 ¥k, A=A . A,
WBES 6 Bk, ASVY 5 Kk, gL R R T R
HO BRI 2.29 £5.
34 HFfNSSFASE ERE SNP iLm 5FAMSE
HERHERXMYE

TN SS A SE LK SNP A0 15 55 ) o hn i 2
SERAHCME M 45 R L3 1. Horh SS FEIRI ) 6 4> SNP
A7 35 5 0 L0 s R R R W A O .
F SS H: A SNP £z sidll & 54, 7394 CATTCT.
CTCTTT. CATTCC. CTTCCT Al GTCTTT, Hf
CTTCCT 4 & HEPIRAN AR Toin S 2 1 B e 35
FHADIE R AAMA (P<<0.01), GTCTTT & [A#4

F1 FRIENNSSFSE HE SNP LS S5RAMEEHE
HERIERY IR
Table 1 7 test of correlation between SNP sites of SS and SE

genes and content of total saponins in E. senticosus

HEH BLE /bp WA 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

L S A R AT S "P<0.05

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

AT T S e K T Al IR R AN (P<
0.01), CATTCT K5 DRI IR S5 FE 1 F A0 e M i e
K, I RAZE 3.41 15,

SE JE[A 164+ 199, 227, 232, 279, 285 bp ] SNP
PRSI B E T R B E AR (P<0.05), X8t
PRI TAGTTC A& T SRR AR i A7 55,
AGAACG At IFRETER il HoAth SNP A7 25 )
F S R R A AR B K. 5t SNP A7 AT
Y151, AGAACGAAA Fl AGAACGTCG JE A ZA
R oS S E R ST TAGTTCAAA JEAY
AME (P<0.05). {H AGAACGAAA HERFIAMALE
75 21 A%PUCELHAMA, 11 TAGTTCAAA FERIRA A
HOANALE e 2 AR
4 it

ANTR] 7 iy T PR 245 FH R4 B TR A7 AR K 22
S S i BT R sE U, A ST o) AR
Y 0 A B2 ) A Al 2 2 o R IR AR AR
U ) R TR IS ER LR 5 TR IR AR ) BT 5 A
SPTI R, ;= A R B G L LS H Ay T
DRl 15 5 0K S0 56 DRI R0 [17) A 25 A 050 R o 355 i it /2 G
ANRMA, ABFSTH O T RESTIE I £ 1K) SNP 7,
TREN T M PR BRI 7 A ) O AR
s AR T 3R G PR BE A A RN e 7 R T ) A
FraRE M, EEHOR ORI A ERIE ] T 3 4F
A KR ERGARIIRIRE, 0 DA R bR AR
FAAFSAE T 1A JEAE R — I (R AR KRB AR
(Rt A SR ) o n e 2 e FD SNP A7 s A AT
IR R, T S5 B B2 MR R T FRBE 45 P R AR 2
PHAF S S5 R ant AL DR 22 BIrads ()5, 0 S 45 A e
g YA b S Bl B A2 ) B P D B PR I — 4
FHEFER

AT 1 6 N3 FOn SS HE Rl SNP 47
R, 5 AR SRR SR 1A BB R R A
AR/ e 2 TR A X G2 (A7 i 5 ) o s 2 =
AR AAAE B E A NE. — A SS 2wl T
TR L >, R R S TR,
W 235 ARG & R L AR, WEBHEA 2
PSR, HILES 1T A R . X Ui B 235 A7)
WA TR S8 2 B AR FEAR e B SS R 1M
BT, HAZAT SRR SS AL ke BE I — ik iR 4
B B W RS A A (R R F0n SE A
(1) 5 AR CRARAT s, A 10834 1143, 1347 bp
A7 502 B R JCAH G E, 1T 279 bp A7 AR
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285 bp {7 i 5 2 R K A5 SRR 1) 164199,
227232 bp £ s34 5 0 S S R A A R
FHME . Z BT DA BRI G, A PR A 7R AR SE 56
R rREA . SE JEBRI ) SNP A a5 - AEBEHL A7
FEFTRCI I 3 Fh SNP 47 5545287, |/ 6 4
SNP 17/ s5.41 410 AGAACG F1 TAGTTC 2 Fift. Bl 279
bp F1 285 bp A7 s 1) 2 AN A LRAEE 164,199, 227,
232 bp 7 p S LR RIEBIIN G, SUEHE, J5
3 /> SNP {7 i 4l & AL AAA FIT TCG 2 i, [RIEHT
6 MG 3 4~ SNP A7 i R BEAN B — 57 U5 3 10
e B PR A DA 2 AT 5 R 2 i — 3

IR ARY G N RS TR
(flavin adenine dinucleotide, FAD) %5& X Hk, ZX 1k
WA B FAD 255 IRZ 8, 1XLUELL FAD A4
W& 5Lt !, EEEE, e a e
Wy e it M, il Hoin SE FEP 3 4~ SNP
FEIR R 440 5 5 FAD 454 (R Fee81), HAE 1%
BN Y 279 bp A1 285 bp A7 £ 11 SNP K 5| &k 2 H
FRIVIEGAS . 15 SS AHALL, SE A& e T i R 11
B, AR BRI 3 ANSERIR KR TN SE (1
A AL 2 M HRIZTE . HLA5 SNP A7 s FAE
TSR RS 4y, XU 3 4~ SNP FEDE Al Fn )
SE B HATFEA R AL RE Sy FIAH [F] R 5 B 4k . B AR
FURI) —RER TR, SE BT 4 7458248
G TR 2RI A S RAZATR . i ad
(78R &) AN IR S N N L E S ST = O i
(extended strand) /> 14>, & (B turn) 1
A, TRINEIZAT R R SRSk A = A — e AR
o IXELAR LD SR T O Y. B [ T8 R M 11 1 ]
FEAE 7 N, dE g3 s a] =) 2, 3-8 40 ek
L= — il AT IR o

2 FHRE R I R AR 710 o2 e 7 TR DRI 2R Ry
S (K AR B SE R T (U . 15 A 245 A AT
L, i o B AL TS 5uE B, LA TR
I3 N RO E Y, BUN ek A B 55 AR DR iE
ATHRAAU I AR Sa 0 3g8 H R U0 SS AT SE 3k
IRIAFAEI SNP A7 5 3860l 1, 04T T 4% SNP v 55
RTINS HERMICRR, Wil TS 2
SIS T HLHRIBEE T kA
S 3k
(1] JEat, 25Kz, PRI, 25, o) b A oA 4 o

GBI [7]. 524, 2009, 40(8): 1302-1305.
[2] WRIEHS, FEE, s, S R TOMMPRHERE ()],

YRR IIFIT, 2011, 34(3): 213-216.

B]1 sKEA, £ 9, KR RO ek E ).
FEF#HF9T, 2009, 31(4): 69-70.

[4] FHER, xR, £ X S WES ARG E PR
5 I U R I PR A DR B A S D).
FREZY, 2011, 42(3): 579-584.

[5] Kim T D, Han J Y, Huh G H, er al. Expression and
functional characterization of three squalene synthase
genes associated with saponin biosynthesis in Panax
ginseng [J]. Plant Cell Physiol, 2011, 52(1): 125-137.

[6] Ryder N S. Squalene epoxidase as a target for the
allylamines [J]. Biochem Soc Trans, 1991, 19(3): 774-777.

(71 W=, XIEA, 5, A& R B-A W ERRE &
ZifigX SNP HH R ERIARRIERT ST [J]. PR h2y
7k, 2010, 35(7): 813-816.

[8] SeoJ W, Jeong J H, Shin C G, et al. Overexpression of
squalene synthase in Eleutherococcus senticosus
increases phytosterol and triterpene accumulation [J].
Phytochemistry, 2005, 66(8): 869-877.

[97 Han J Y, In J G, Kwon Y S, et al. Regulation of
ginsenoside and phytosterol biosynthesis by RNA
interferences of squalene epoxidase gene in Panax
ginseng [J]. Phytochemistry, 2010, 71(1): 36-46.

[10] Shechter I. The road to squalene synthase [J]. Biochem
Biophys Res Commun, 2002, 292(5): 1261-1266.

[11] 8 e, RIS, R557C, 5. MELORAAIE R ap6 (1]
SNP J H 5 CMS [FAHIGHE [J]. 1R~ 2009, 35(9):
1655-1661.

[12] dattA, BUANS, 6 W, S5 AN A T
AR BRI (1] N2 EEERZ,
2011, 22(1): 88-90.

[13] R, TR, 95 Rz, 5. ASE il Tom o T
A E 8 S RGO A E (7], 2 E B E 2,
2010, 21(8): 1854-1855.

[14] B8, BRR, SCERE, 55 MY2iHE R 2
PLHIBFFC S R (3], th&2y, 2007, 38(11): 1738-1741.

[15] Kim Y S, Cho J H, Park S, et al. Gene regulation patterns
in triterpene biosynthetic pathway driven by overexpre-
ssion of squalene synthase and methyl jasmonate elicitation
in Bupleurum falcatum [J]. Planta, 2011, 233(2): 343-355.

[16] Gomelsky M, Klug G. BLUF: a novel FAD-binding domain
involved in sensory transduction in microorganisms [J].
Trends Biochem Sci, 2002, 27(10): 497-500.

[17] Favre B, Ryder N S. Characterization of squalene
epoxidase activity from the dermatophyte 7Trichophyton
rubrum and its inhibition by terbinafine and other
antimycotic agents [J]. Antimicrob Agents Chemother,
1996, 40(2): 443-447.

(18] W[, tHIcHI, Mg, 5. AR TR
PR 254240 [J]. A AR 2R, 2005, 16(6):
1007-1010.



