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BE K 0% 8 3E B T8 % Huter (Sanguisorba officinalis L)X % 8 £ M B B B 37 20 0% B Ak B 0 i 905
(Acute hepatopancreatic necrosis disease caused by Vibrio parahaemolyticus, VP appnp) T #IWLE B N S 2R,
RXER T HAMER D BET VPamenp £ KA E N, FHFH qRT-PCR HAKER TZEH T VPauenp F
6 % NN % 2 H (rec Apvs A .pvu A .gapdh . 16S rRNA 2 rpo S)4 3 1 1 U, F| i GeNorm ,Norm Finder
Best Keeper, Delta CT DL & Ref Finder iX 5 #77 3 3 R K 4 AT T An it . 4R B &, #HM
BRMEIE VPameno ALK, HIMHBRREREZEMR, EXARREMMERYLELSHT, X
6 M ASERT T MERERY, HF, CrEZMERT/NEGY 165rRNA (CV=3.88), Rtz F&KE
F WA pvs A (CV=12.53), 5 F# ikt 6 NS AR R EMHFHA £57, £ P, GeNorm % Hj iy 74 % 14
HEF N rpo S = 16S rRNA > gapdh > rec A> pvu A > pvs A; Norm Finder % & % gapdh > rpo S> pvu A> 16S
FRNA > rec A > pvs A; Best Keeper £ & % 16S rRNA > rpo S > gapdh > rec A > pvu A > pvs A; Delta Ct % F
K gapdh>rpo S > pvu A> 16S rRNA > rec A > pvs A;Ref Finder 45 &-HE4 % % N rpo S> gapdh > 16S rRNA >
pud>pvs A>rec Ao RFRBBEEAEREZBER, RAWEREA rpo S 70 gapdh £ HZ 5T
WHEEE., KT H UM AZO G480 AHPND 7 3% &R 09 2 5 Fn ) 35 B & 35 A 5 #F 7 o at
VP aupnp B9 1E FIALER BT oo,

P30 &M T B IR 3R L (AHPND); By il ; ks W52 F; qRT-PCR
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B L3 B (Vibrio parahaemolyticus) J&— Fl &
WLAIEBURTE, BT A KA (Epinephelus spp.). JLFL
fifl(Haliotis diversicolor supertexta) . ] ¥ ffi(Larimichthys
crocea) 51 % IK P FEHE X 42 95 7% (Shyne et al, 2008;
Cai et al, 2010; ZEMRIESE, 2013). S & BRI 5K
W 5] & LY X R (Litopenaeus vannamei) B %
P25 I —— 2 1k I IR R IR FE 6 (Acute  hepatopancreatic
necrosis disease, AHPND) {9 3 % ¥ J& 2 — (Soto-
Rodriguez et al, 2015; Kumar et al, 2018; Zheng et al,
2018; BRZE5EEE, 2018; BIFHEE, 2018). BlFH 2k (O fa e
7K P FRFH B S AWIR AN, Th B 277K 7k 3 By
TR By 0 Z 8 )2 KE(Pu er al, 2017). Hife
(Sanguisorba officinalis){E R M RLZ 2 — & &%
B, RS AEWEEY B, BA YR (Yang et al,
2016) . & (Lee er al, 2004)54F o AWFFE AT A i 48
WFFEFR BT, M T S e R DR 2 S 0tk Rl ¥ 1L 5K
B (VP anpnp) A B R O SHI/E T, H LA AR o 32 20
G352 07 R 25 A B 45 B R IR 5 | &2 ) AHPND
I AR B 3 (228, 2016), M qRT-PCR L ARIEFEA
[F] v B b AR BE AR D AE R VP awenn B 1 R F IO FRIA
it S RERY AR AL, AT B T AT HUAT X VP anenp HIFE
FAMLER, X LAt R 4% 0 25 W) ) AHPND Bl 45 5 AR 1Y
AT BA R S

TEWFIE RN 22 S Rk i i rh, REEPRE . =
B 9 S B (Reference  gene) % &40 i 47 b 1 1L Ak
il (Vanguilder et al, 2008), DI#Z1E qRT-PCR $iRiz
Al H mRNA Bide . OEERCR . i 22 4%
FEPHMFEARIRIZ, Radonic %£(2004)IN N, FifH
18 DA 2 5 DR LA 25 T S 25 8 L 5 T A L 4t i v 24
FRERIE, JEXHEGE N 2 5L 0 3& HI VRS s BT e, Jf:
SIS UE ] TN A SRS N S R R T AR 4t
B X Y 18S rRNA. Zhong %5 (1999155 & 3K, Ji 4
AR IE W FEE X T gapdh R B-actin W) 325K -
LS . XEHITERY], NS R RE HETEA A1)
o RRVH LA RO TR PR B S5 AF R AFAE2E 5 0 IR,
i VB T IEMN AT VP appp FE F 22 52 3R IK I N 2
5 DA S 0T b A 411 P AL B R AR 0 Al

HAT, & T AR R N 25 £ rec 4.
pvs A.pvu A.16S rRNA .gapdh Fl rpo S (Ma et al, 2015;
Coutard et al, 2007; Li et al, 2013; 2=, 2013), A&
DA R ®RsE h3Eal, FIF QRT-PCR HEAKG I 1 4 Ay
FEEEIVE T VP apenp 11X 6 Fh N S B RIA U FR 2
P, Fiik iz & T AR E NS EE R, 5 S
JE R VP anpnp AH G HE PR R IR A 53 4 RS Rl 250 -

1 R 5FZE
1.1 SLE#HR

A ) B A R R B 250 o VPaupnn N X HF
AHPND ZUR B, 708 H KE L AHPND ML XT IR
FIRFIRAR ALY, PRAF T AR L0 % -80 C AR IR VKA -

1.2 MMBZIRZH ¥ AL

5 g Mt THMH, A 70%I1) & B TR
150 ml, B EEHL 50 min, & T A2 HuEHLh 414N
U PFUETRCE T 90 CHEEL KA B P MR AR 25 2 45 ml
Ay, FHHAEBKERZE 50 ml, HIVECH ALk B A
100 mg/ml FHUMBEEE 259, 4 CHEFRIH .

1.3 S|¥I&iE

PL& B I IR SR BOE #8535 50 T VP asenn
) DNA A 7538 PCR 38, 6 Fh NS IEH 5]
Y5 BE 1, 8 PCR BFN: 95C 10 min; 95°C
55, 55°C 34's, 72°C 45 s, 40 MEH ., A 1%3HE
B e L VKR VR R D 45l sE 36, JFalid TaKaRa
MiniBEST Agarose Gel DNA Extraction Kit Ver.4.0
(CRIEF AW wh)xE B 0 5w ST VIR e, {5
pMDI18-T Vector Cloning Kit (Ki%EF A=Y/~ wl)* H
() BE PR T SO R o B s B A I PR VR B A T AR TR
() A BRA /AT, 38 0F H A R B 75 K
S A5k . A TaKaRa MiniBEST Plasmid Purification
Kit Ver.4.0(K 3% 5 A4 20 w ) H2 U5 8 % Dy 1 9 19 Joit
ki, JFUAMCERE SO R, 54T qRT-PCR 20#r, K
MEIHCE . qQRT-PCR F2F 4 : 95°C 10 min; 95°C
55, 55°C 34s, 72°C 45s, 40 MEH; WHmihd o
B A Eppendorf [ BRIAFRIF: 95°C 155,60°C 15s,
95°C 15,

1.4 SLIAEIEFENERR

FF TSB 533 (Tryptic soy broth medium)X
VPaupnp TR Y RERFR, Kige &R 28°C .
190 r/min fHIRIEZ 5 3% 10 h GEEUE K 8~11 h),
OISR BT RS 35 59 40 B8 T FH 1.5% K B NaCls Vi e il
A% 1.0x10% CFU/mI [ TR . A1) FH St A 1t £ 40 41 o )2
31 0. 0.2, 0.4, 0.8 Fl 1.6 mg/ml [ 52 TSB ks
FREL, IR 1% RN & ) o AT VP appenp, FEJG
FHET 28 CHERBIRG AT 190 r/min JR% 5
IR WAWEMERE 3N EYFEL,

HIZM VPawpno G TFIRTTES, ZEVRZEFE 0. 2,
4.6, 8,10, 12, 14, 16, 18, 20 i1 22 h if \NHEIE
AR 100 pl PARGE SRR, W56 T EA TSB
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Tab.1 Nucleotide sequences of primers of the six candidate reference genes
BEA £ Bk ElE7 2]l 1B K PIE R 2% 3k
Gene name Primer sequence (5'~3") T, (C) Amplicon length(bp) Reference
F: GCTAGTAGAAAAAGCGGGTG 56.8 N
rec A 165 Ma 5(2015)
R: GCAGGTGCTTCTGGTTGAG 59.6
F: CTCCTTCATCCAACACGAT 55.9 B
pvs A 104 Coutard %(2007)
R: GGGCGAGATAATCCTTGT 55.0
F: CAAACTCACTCAGACTCCA 51.7 .
pvu A 156 Coutard %5(2007)
R: CGAACCGATTCAACACG 56.9
F: TATCCTTGTTTGCCAGCGAG 61.3 .
16S rRNA 186 Ma 5(2015)
R: CTACGACGCACTTTTTGGGA 61.2
F: TGTTGACGTTGTAGCAGAAG 55.0 B
gapdh 235 Ma %5(2015)
R: ACCGAACTTGTCGTTAAGAA 55.0
F: GACAATGCGTCAGAGACG 56.1 .
rpo S 151 Ma %5(2015)
R: GAGGTGAGAAGCCAATTTC 54.8

Wik b, BT 28°CHEES A SR 12 h Fi# TP
M
FHTHR I RNA AR it R A IR 18] H 99052 304 1

KT VP apenp IR B A B8 BO8 K0 i 1)
mFE 435105 9 h (0 mg/ml), 11 h (0.2 mg/ml), 14 h
(0.4 mg/ml). 16 h (0.8 mg/ml)#1 17 h (1.6 mg/ml). [Fiit,
IYIIAE 9. 11, 14, 16 F1 17 h RAEHH R 525 4H (1
T, AR B B A e A AR R, T RNA $RHL
1.5 RNA {2EF cDNA R¥R

K H] TaKaRa MiniBEST Universal RNA Extraction
Kit (KIS AP F)) S U S 36 24 40 T A9 5 RNAG
JH NanoDrop 1000 # i &t 4360 B T HA I RNA ¥ 2
FNARRE , 1 1%35UIE WM Fh RS 12 A6 I G 2% 1 5
# P, FF PrimeScript™ RT reagent kit with gDNA
Eraser( K% 52 A= 9008 vl )il 0 G b AT I B S ol % 4% 52
¥4 qRT-PCR ity .

1.6 qRT-PCR &#f

qRT-PCR #"#7E Eppendorf 52 %)% & PCR
{¥(Mastercycler ep) |47, R TB Green™ Premix
Ex Tag™ 11 (K% FEY)HAT96E B PCR §1,
qRT-PCR &7 A i th 4 o A i e [a) 1.3, AR
AT 3 ANEAREE . 1%3008 5 EE 5 A vk kG
qRT-PCR #5574 -
1.7 HiEAIE

FIH] Eppendrof 52 i 2 it 5 1t PCRAY [ 4 1 #F
TP ALY IR C E . B 2805 (E%) )

HARKE R BUR?) . K SPSS 19.0 i 44 4] 45 3 K]
C, B 47 . [H 2 J5 22 (One-way ANOVE) Mt . 43 51l
H GeNorm, Norm Finder, Best Keeper, Delta CT LA
J Ref Finder iX 5 FJ5 % 6 Bl N S 3L K Rk fa e
A3 M. Hid, Best Keeper Fl Delta CT F 3220
CAHPEFTI; GeNorm Fl Norm Finder {7554
CAHEEAE A 272 JG Pl AT N — 43155 ; Ref Finder 25
SO 4 R 2 TS 44 Uy LRI Y% 8 EY
WS BE AR L GeNorm  FE 115 A4 it % 45 5+
BV Vi1 < 0.15) N BEFEARE

2 #R

2.1 S|MWIEER

PRI P25 R o, A pMD18-T SH#dAk, 4%
H Y R BOs il A 2z 28 dn e rh, JF HH A Bk
L SCHkP AR rec A, pvs A, pvu A, 16S rRNA .
gapdh F rpo S W HE MY B, SIIRCR(E%)
43504 1.01, 1.08, 0.99. 0.98, 1.02 il 0.93; Ak
ZEU(RD MM 0.998. 0.998. 0.999. 0.994. 0.998
10998, XK 6 MEBENSEH M5 Y FPER
U, AT REER .

H A5 FE SR IO RNA SR BE F ok 45 SR (1B 1A) AT
DI, RS P52 HE, 23S rRNA 5 16S rRNA %%
WA EZ AR 2 01, A Aago nm/A230 am>2.0, B
FIHRHLA) RNA 5838 R AT o MAEA qRT-PCR 934 7~
VI e B B Ik 45 R WoR, 6 AN FER A BEY s p= 4y v
—, A (B 1B)o 4 NS B TEAS [V B2 A/ 1]
TR ik it 2 34 Sy L (18] 1C~1] TH).
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A M 0 mg/ml 0.2 mg/ml 0.4 mg/ml 0.8 mg/ml 1.6 mg/ml
2000 bp B M rpoS 16S rRNA gapdh pvud pvsA recA
1008 Ep 2000 bp
75
50068 1000 bp
750 bp
250 bp 500 bp
100 bp
250 bp
100 bp

2% 2%
g e g2 g D [
58 o0f R A
&89 %E 2 .0 "/“‘\n
28 U z8s il
,‘éx [=E=1 %iP( o L ’Gj |
8B 50 28 50 A
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20 _ ol
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g5 70 N85 707
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g g8 50
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Ko o Re o
My g 107 e s 10r
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P12 RERD RNA BUIRME O UK G5 2R 55 | ) 1 A S P AG I 245
Fig.1 Results of RNA electrophoretogram and primers specificity detection
A: 5 AL ERZALRE AL P S RNA BRIRWHEEIE AL UK 1515 B: 6 NS JEI QRT-PCR 487 M B IR W U6 i HiL K A
C~H 5350 rec A, pvs A. pvu A. 16S rRNA. gapdh F rpoS WK ik
A: Total RNA electrophoretogram of five experimental groups; B: Specificity of six candidate reference genes for
qRT-PCR amplification; C~H: Melting curves of rec 4, pvs A, pvu A, 16S rRNA, gapdh, and rpoS
2.2 MURIERERMINT VPaueno 41K B £ R RS0 2.3 EMIEEERMER

AN [ v B AT BEER MIAE T VP amenn ZE K HZR VPaupnp 6 AMEEN S I CEHMNE 3 s,
DL 2 ASTr] e B b Ay B4 0 E 2028 VP anenp 2135F H CAETEHE 7353 17.55~23.68 (rce A). 17.55~25.63
MR E KRG s, Hib ik E RS X (pvs4). 17.30~24.06 (pvu A). 13.28~16.80 (gapdh) .
VP appnp HAMEISCR A . 0. 02 F1 0.4 mg/ml 4 4.31~5.15 (16S rRNA) . 16.87~19.41 (rpo S). TEFT
IKF)F G W EHE] 20 5150 12,14 F118 h; i 0.8 mg/ml B 6 NIEH T, NS I FRR B E R RN R 16S
F1 1.6 mg/ml HAEREFF 22 h AR I B ASES FRNA (CV=3.88), UilHFEHLMIXT 165 rRNA W)L
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20— 1 6mgml WA/ o Feik AR b 25 7 8 0 3 B pvs 4 (CV=12.53),
o —* 08 me/ml P BT pvs A Tk

0.4 mg/ml Y,
gf T Ozmgml 7 2.4 WBSERBEESH
—— 0 mg/ml

VB {H 1g/(CFUml™)

]

Ct{i Ct value

Lg? )
0 2 4 6 8 10 12 14 16 18 20 22
KFfETE Sampling time/h
2 OR[AVR B H A EE IR MRS VP aupnp AR K T2

Fig.2 Growth curve of VP,ypnp under stress of
alcohol extracts of Sanguisorba officinalic
at different concentrations

B 0 mg/ml

a 0.2 mg/ml
< 4 4 0.4 mg/ml
0.8 mg/ml
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Fig.3 C; values of six reference genes in different groups

FEIE B b5 SRR TR 3R 226 57 W 3 (P<0.05)
Different letters on the column
indicate significant difference (P<0.05)

FIHT 5 FhOTIEEXS 6 DEEERE PPN Y45 2R I
# 2. M GeNorm B4 Hi Y N 25 R EE & PR
KEN/INF rpo S = 16S rRNA > gapdh > rec A > pvu A >
pvs A, Ho EA e NS LKl 16S rRNA Fil rpo S,
HAZEFREIY R 0.852, B Norm Finder #4115 H
(PN 2 3 R AR e PRI th KR EI/NA gapdh > rpo S >
pvu A> 16S rRNA > rec A >pvs A, T NERER NS
K~ gapdh, FE$aHCN 0.584, Best Keeper 73T/
WA R E M NS IR R 16S rRNA, HobrEdw 2R
0.13,3X 6 Mg e N 2 B PR E MU th 2R BN 165
rRNA > rpo S > gapdh > rec A > pvu A >pvs A, Delta
CT A 6 DNNS R E MUY i KB/ A
gapdh > rpo S > pvu A > 165 rRNA > rec A >pvs A, H:
H, IR E NS EEIN N gapdh, HAF-RhR e 22
(A 1.570, Ref Finder M4 13 4 A 945 3R 5>
WrGig i LE&H4 M rpo S > gapdh > 16S rRNA>
pvuAd>pvs A>rec 4,

25 REANSERBESW

Ml Vandesompele 45(2002)%2 Hi i 75 1% #EA 74K
PEAbHE , ¥ FE rpo S| gapdh. 16S¥RNA . pvu A pvs A
rec A WU, BB ZE R RE V), M
VI V,1<0.15 B, RIHEGE NS IR NECH n, HILF
Ak gl AHAL N S F P . KT R d, V2/13=0.077
(K 4), RUEH] 2 NSNS C BB L IZ R T 5
SRR A B HE AL AL BT, 255k N 2 B R 0 S MR
FPA R, AR X 2 NN S R rpo S Fl gapdh.

x2 ARREMMERVERTRIAMINAES 6 MASERRELTM
Tab.2 Stability evaluation of six reference genes of Vibrio parahaemolyticus under
different concentrations of Sanguisorba officinalis L. alcoholic extracts

. Ref Finder
GeNorm Norm Finder Best Keeper Delta Ct .
LR 2 A o oo T, LIS
G T E AL T E AL s ERAR P R A i 22 c o
ene name Stability index Stability index " —CIT AR Average of SD omprehensive
SD (=Ct) CV (%CY) evaluation
rec A 1.554 2.078 1.590 7.620 2.440 4.47
pvs A 2.063 2.339 2.750 12.530 2.530 6.00
pvu A 1.831 1.333 2.150 10.180 1.960 3.87
16S rRNA 0.852* 1.594 0.130%* 3.880 2.050 2.00
gapdh 1.137 0.584* 1.150 7.660 1.570%* 1.73
rpo S 0.852* 1.052 0.570 3.180 1.830 1.68%

X I A BHZE AR IO B 4 Y 1 e e I

*: The most stable gene given by corresponding software of corresponding group
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gfé 5 0.06 |
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B8 53 B %K Pairwise variation
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Fig.4 Determination of the optimal number of
reference genes for normalization
B XS 28 53 22 B (V) V)2 AR HEAL T NF, 5
NF,. "R, F Tl R b o A b 2
B I BT B4 B A 2 R R
Pairwise variation (V,/V,.) analysis is based on the

normalization factors NF, and NF,, to determine the number
of control genes required for accurate normalization

3 itig

3.1 HARERIRYIST VP auenn 2K HI &R NT

Mt A 2507 e A&, HFHCIFR Z 8 T A
B, 1K SR R OE S i A . %3 (2016)
WEFE & B, b %o I i 5K B8 A 58 48 41 ) RS
RIHAR ST A B I g 0 R = X IR
FPETIFIHNG IT o Lee 55 (2000)WFFE KB, HokxF
2% B # B BRI (Staphylococcus epidermidis) . 4 80,
W % BR W (Staphylococcus aureus) F K I ¥T &
(Escherichia coli)¥J 45 1 35 (I TR AL, Hb A X 3X
3 FhARPAIIHIRCR S E R IEM X, AR RES
Lee %5(2004)) Lm0 45 R — 20, Mt HIESE T
VP anpnp 235F & MBS 0] SO 5 8 & B, JF Hk B
R, VR RO o ST 45 R BT b A X
VPaupnp MIFIHIZER , N 5 22 DL Hb A R 0 25 9 1)
AHPND B #EH AR B 7 S 41 7 8 345

3.2 AZEEREMITNHENX

qRT-PCR £ A3z 1 H T 1 3L 3 ) (Cepollaro
etal, 2018), HH#)(Chen et al, 2015). 4l (Delorenzo,
2018) %5 25 A HE Wik Py 56 N R B AL I IF Y o #E A
AR IR T TS, T IR . RO . F
SRIEPE 2 4 R R AT HEAL AL B, DARFAIRIX 4
AR X LI 2 R IR 2 o B R AE AL AL BRE R
fit TN 2 K FRAR Y N S BRI e SO TS 2
ZURE RS2 55 2% 14 4 B AR 3R 38 19 JE X (Zhang
et al, 2005), J T RIESCERZE R FHE, 75 EEAEK

S0 0T 07 18 1) PN 2 B PR EA TSI . Gomes %5(2018) 4R
Pe g1, Ml R v A i (Klebsiella pneumoniae)
RN G IENNSENAEGHN rec A, rho. pro CHl
rpo D, {33 53 Al 58 T B A1 TR A0 B P RO Y A
TERRE AR KRN SEAF T BRI Rk i, Bk 7 H
B R N S B IE AR . Wang 45(2018) 76/
(Mus musculus) 2 PEPVREVE GBI RN BT
O 17 R S BE DR AR NS Rk i 22 S B IE T Hprel £E K
ZBRUR BN SR B T REPE . Lin 45 (2018)#1 JH
mleR] Fl mleP] JEHYGUET SO, Wil N AEYFLAT A
(Lactobacillus plantarum)W k€ NS IR AL G R
rpo B. rpo C. rec A Fll ldh X —Z5 R IEMTE. BE&E
X SRR RE ORI , T Gl NS, Jf AT
TR T 90 TR 2 A S0 R bl AN T D i — 53
WIS RE, ARPF . ANEHZ . RE TR B
DL B[R GE 25 Y 22 i N S B R i 3R 36 o TE B
HEYREA KIS, FE ] B-actin,. gapdh . 18S rRNA .
28S rRNA “4E Ry N B LK (Suzuki ef al, 2000; 45 %,
2017), BWAH¥FH KM, f-actin (Selvey et al, 2001)
Ml gapdh (Deindl et al, 2002)7f A & Fefa E () N S 3
K, Radonic 45(2004)BF5EUER], AR ZH SIS N
SEERWMA AL G 3 L 1Y 18S rRNA, /& RP T .
TEIS AN S B i e b, N2 BRI R e P b
G AR AR, A1 Yang 45(2018) R I55 /K K
W (Ralstonia pseudosolanacearum)TE 4 (4 K By BY)
MAREYREE | REFR TR EFR) 4 a3 T,
TAWS R IR B e 25 e o, TEARIE Y
KB B, gyr A4 Fl ser C IR FE NS I, i
TEREMIAT, ser C. gyr A Ml fis Z T HFaE; TEF
HEFETEMNAT, gvr A fis Z F 16S rRNA 5 NEa5E ;
IMTEEFRWNA T, ser C Fl 168 rRNA FckasE . Bk,
TERRE MRFFETE ST, 55 XA W 0 ) 2 05k (K A 7 0
VAL, DABG I EEL PG I (A2 e YE R T SE 0k . B AT, W
JH TR 1 R B A I A NS 5L rec A pvs A
pvu A.16S rRNA .gapdh .rpo S (Ma et al, 2015; Coutard
et al, 2007; Li et al, 2013; 4%, 2013), Ma 5£(2015)
5 BRASRERIE A B N 35 55 T 4 FOREE T, i
B AN [ RE T B I B il NS 3R KR rec Ao
20 (2013) L 5 BRI AN [R) B 7 6 PR B0 @1 7 1L 97 A
WEFEXT R, PRI | 3 g K DL K PLANTE T B Sy
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Effects on the Growth of Shrimp Pathogen VP ,ypnp and Selection
of Suitable Reference Genes Under Different Concentrations of
Sanguisorba officinalis L. Alcoholic Extracts
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WEI Xinxian®*, LI Bin**, RONG Xiaojun™’

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306; 2. Key Laboratory of Sustainable
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266071; 3. Laboratory for Marine Fisheries Science and Food Production Processes, Pilot National Laboratory for Marine
Science and Technology (Qingdao), Qingdao 266071; 4. Guangxi Academy of Fishery Science, Nanning 530021)

Abstract The identification of reference genes is critical for the establishment of sensitive and
reproducible qRT-PCR-based assays. The current study was designed to explore the effects on acute
hepatopancreatic necrosis disease (AHPND)-causing Vibrio parahaemolyticus strains (VPappnp) on the
growth of shrimp in the presence of different concentrations of Sanguisorba officinalis L. alcoholic
extracts and to select the optimal reference genes suitable for the evaluation of the inhibitory effect of S.
officinalis L. on VPappnp. The expression of six common candidate reference genes (rec 4, pvs A, pvu A,
gapdh, 16S rRNA, and rpo S) of VPaupnp under stress induced by S. officinalis L. alcoholic extracts were
detected by qRT-PCR. Data analysis was conducted using the GeNorm, Norm Finder, Best Keeper, Delta
CT, and Ref Finder software packages. The results showed that S. officinalis L. alcoholic extracts had a
strong inhibitory effect on V. parahaemolyticus. The amplicons of these six genes had good specificity
under the stress induced by different concentrations of S. officinalis L. extract. The lowest variation in Ct
value was found for /6S rRNA (CV=3.88), and the highest variation occurred in pvs 4 (CV=12.53). The
stability of the six reference genes judged by the five methods was as follows: The stability order results
were: rpo S = 16S rRNA > gapdh > rec A > pvu A > pvs A from GeNorm; gapdh > rpo S > pvu A > 16S
rRNA> rec A > pvs A from Norm Finder; /6S ¥rRNA > rpo S > gapdh > rec A > pvu A > pvs A from Best
Keeper; and gapdh > rpo S > pvu A > 16S rRNA > rec A > pvs A from Delta C,. The comprehensive
ranking result from by Ref Finder was rpo S > gapdh > 16S yrRNA > pvu A >pvs A > rec A. After
consideration of the pairwise variations, it is recommended to use both rpo S and gapdh as reference
genes in these conditions. It was also revealed that the stability of reference genes differed between
different strains and under different experimental conditions. With the improved experimental accuracy
requirements, screening and verification of the appropriate reference gene has become an essential part of
the experimental methodology. The results provide a foundation to support the study of the inhibitory
mechanism of S. officinalis L. on VPapupnp through the perspective of gene expression. It is of great
significance for the establishment of AHPND-prevention technology using S. officinalis L. as the core
drug.

Key words Acute hepatopancreatic necrosis disease (AHPND); Vibrio parahaemolyticus; Sanguisorba
officinalis L.; Reference genes; qRT-PCR
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