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(25 mmol/L), 0.6 uL dNTP(10 mmol/L), 0.6 pL Taq
DNA E4Hi(5 U/ul), 0.6 L B4 cDNA FitR,
1.2 uL GAPDH-F, 1.2 uL GAPDH-R 121 puL &
Ko PCR N AFH: 94°C HiZE 1 3min; 94°C
M 30 s, 52°CiE 2k 30 s, 72°CHEMH 1 min, 35 4§
5 72°CHEAH 10 min; 4 CLRAFE . Y 1= PILL 1%
Bl g b EE I KRS, S B8 SanPrep #1:3 DNA Jit [7]
WA R TAY) TR BRAS /) Ui A [l alifb ™
By, JEEEE pEASY-T3 #R/K, 4l Fokifs
L ZE R WHFFE Trans-T1, 2845 M BEG %5 26 EUH
ERVE L 2 A TAY TRA AR 707
BEXTIN P15 2 A% 0P 8 e Brie it cDNA K
ity B P14 £ R (RACE) fir 519 (£ 1), FH
SMART™ RACE ¢DNA amplification kit izt 7] & i#
T 5'F11 3'RACE . 4 5 B I 3 45 21 ) 5" 335 )7 37
SO F I PHERN AT 3RS GAPDH F:H (%) cDNA



%54

BEESE: B R AUF GAPDH R FE ke X H NS FE IR E E i 1005

£ NGRS

1.25 EREBAI GAPDH EEMFFISH  FIH
DNAStar lasergene v7.1 # 3 ¥ 37519 cDNA
S EAT B, ML NCBI BLAST 47 #% 11 R 7
A1) B PN 22 FE R 7 9 A Xt AT SignalP 44
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FIUF cDNA MR, 43l 3474 %T 18S rRNA
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Bk S JQ045354.1)F1 GAPDH MY qRT-PCR,
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2.1 GAPDH EE %1 cDNA EEFF 5 547

FI ] U8 LA RACE $ R K45 #9411 4F
GAPDH A ¢DNA J7414:1 1514 bp (GenBank
RS KX893516) (K1 1), HAFFHUSASHE 1002 bp,
5 EZt X 69 bp, 3'AEH X 443 bp, it — >
333 AR ILFRFR LA R A B R, AL B far
IR IR FE (Asp, Glu)38 />, 7 IF Hi fif 2 HL iR 5%
%&(Arg, Lys) 37 4>, HAr+H0 35.71 kD, #it4s
HL 5l 6.61, AFasETE ¥ (instability index)y 22.26,
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Tab.1 Primer sequencesused in GAPDH cloning and characterizing in Exopalaemon carinicauda

5|94 FKX primer name 519751 (5'-3") primer sequence (5'—3") JHi& usage
GAPDH-F GGTTGTGGCBGTGAATGA i
GAPDH-R AATGACACGGTTGGARTAG degenerate primers
GAPDH-GSP1 GGTAAGCTTGCCGTTGAGTTCAGGGA 5'RACE #5359

GAPDH-GSP1-1
GAPDH-GSP1-2
GAPDH-GSP2

GAPDH-GSP2-1
GAPDH-GSP2-2

AAGTTTTCGTGCAGGACCTTGGCAAC
GCCGTTGACCACCAGAGCACCGTCCT
CCCCGTTGCCAAGGTCCTGCACGAAA
TCCCTGAACTCAACGGCAAGCTTACC
CATCCAGCTCAGCAAAACCTTCGTGA

5" RACE primers

3'RACE 5514
3" RACE primers

SOt 19
real-time PCR primers

GAPDH-Q-F GCTGGTGCCGAATACATTGTTG
GAPDH-Q-R TTACCTTCTTAGCACCACCCTG
18S-Q-F TATACGCTAGTGGAGCTGGAA
18S-Q-R GGGGAGGTAGTGACGAAAAAT
f-actin-Q-F AACTTTCAACACCCCAGCCA

p-actin-Q-R

TCTCCAGAGTCCAGCACGAT
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1 ATGGGCTAGTCAGACCAGAGTGAAGTTCTCTCTCGACACCTCGCCCCGACTTCCACCAACTCAACCACC 69
70 @TGTAAGATCGGAATGAAGGGTTTTGGGGGGATTGGTCGTGTTGTGCTTCGTGGTGCTGTGTTGAAGGGGGCCGAGGTTGTTGGTGTAAATGATGGCTTGATTGGTCTTGATTACATG 189
1 M S K I 1 NGFGRI GRLVLRAALLIEKGAEVVAVNDPFIALDYHWMA4

190 GTTTACATGTTCAAGTATGACTCCACACATGGTGTCTTCAAGGGTGAGGTGAAGGCTGAGGACGGTGCTCTGGTGGTCAACGGCCACAAGATCCAGGTCTTCAATGAAATGAAGCCCGAG 309

41 VY M F KYDSTHGVFKGEVKAETDGATL

VVNGHIKTI QVFNEWMKTPE 8

310 AACATTCCATGGAGCAAGGCTGGTGCCGAATACATTGTTGAATCAACTGGTGTATTCACCACCATTGAGAAAGCCTCTGCCCACTTCCAGGGTGGTGCTAAGAAGGTAATCATCTCTGCT 429

8 N I P WS KAGAEY!1VESTGVFTT

|l EKASAHFQGQGGAKKV I I §A 12

430 CCATCTGCTGATGCCCCCATGTTTGTCTGTGGTGTCAACCTGGAAAAGTACTCCAAGGACATGAAAGTAGTTTCAAATGCTTCCTGCACAACCAACTGCCTTGCCCCCGTTGCCAAGGTC 549
121 P S ADAPMFVCGVN NLETEKYSKDMEKYVVSNASCTTNT CLAPVAKLJVI60

550 CTGCACGAAAACTTCGAGATTGTTGAAGGTCTCATGACCACTGTCCATGCTGTTACTGCTACTCAGAAGACTGTTGATGGACCCTCCGCCAAGGACTGGCGTGGTGGCCGTGGTGCTGCC 66(9)

161 L_H E N F E IV E G L M T T V_H

AV T A T QK T VD GP S A KDWRGGRG A A 20

670 CAGAACATCATTCCCTCATCTACTGGTGCTGCTAAGGCTGTGGGTAAGGTTATCCCTGAACTCAACGGCAAGCTTACCGGCATGGCCTTCCGTGTACCTACCCCCGATGTGTCTGTTGTA 789

201 @_N_1__1 P_S_ S

T GAAKAV GKYV I PELNGIKLTGMATFTRY

P T P D V_ S V.V 240

790 GATCTCACAGTCCGTCTTGGCAAGGAGTGCTCGTACGATGACATTAAGGCTGCCATGAAGGCTGCTGCTGAGGGTCCATTGAATGGCGTCTTGGGATACACTGAGGATGATGTTGTCTCC 909

241 D L_T VR L G K E G S YDD I KAAMKAAAEGRPLNGVL.GSG

Y T E_D D V_V_S 280

910 TGTGACTTCACTGGTGATGAGAGGTCTTCCATCTTTGATGCCAAGGCTGGCATCCAGCTCAGCAAAACCTTCGTGAAGGTTGTCTCCTGGTATGACAACGAGTTCGGCTACTCTAACCGT 1029
281 ¢ DF T GD ER S S ILFDAKAGI QL SKTFVKVVSWYDNETFS® GYSNR 32

1030 GTGATTGATCTCTTGAAGGACATGCAGMAGTAGATGGG@
321 V1| DL LKHMOQKVDA*

1071
333

1072 AGAGTGATAGTCTTCAGTATTCCTTGAATATGTCTGAAAGGTTTTTGTTTAAGGGGGCGGAAAGAGTTGTTCAGGTTATCTTAAGTTTATGAAAGTACACAGTCTTWGAACCACTTGTAA 1191
1192 ATTTAAACAAATTATATTTTATTAGCAAAGTTATGCCTTGTTGCAAGTTCAATGTTTTTTCCATTTTATTTTCTAGCAGAGGTATGGAAAGTTAGGTAGGATTATGCCTATTTAAAGTTT 1311
1312 AGTTTTTGACATAGGAGGGAAAGTGGAACAAACCTTTATACCACGTTATCACTTTATATTTTCAAAATACAATAATGTTCTCTTTGTGCTAGTCTACAACCCCAATGTCTTTGTTGTCTT 1431
1432 TAAGAAGTAATGTAAGTTGACCGACTGGATGGCCAATAAAAAGATTTATTTCAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 1514

FEl 1 HRAYF GAPDH B[R cDNA J¥ 51 K 500 i) 2 22 )y 51
ATG JRIFHL T, TAA RE ILHLT, AATAAA N ZRIRTRINEBES, L8 FULHS A Gp-dh-N X,
FELE T R #8 732 Gp-dh-C [X.
Fig. 1 The nucleotide sequence and the deduced amino acid sequence of Exopalaemon carinicauda GAPDH gene

ATG indicates start codon. TAA indicate stop codon. AATAAA indicates putative polyadenylation signals.
The underline sequence is the domain Gp-dh-N (full line) and the domain Gp-dh-C (imaginary line).
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X} 18S rRNA. fS-actin Ml GAPDH H:[H k17
qRT-PCR Zr#fr, 253w, 45 NS 3k KA 45 i ih
LABENR 5508, MEELEELT, RV
qRT-PCR J i & —PE i, 259 MR a5 (& 3).
HRAE I 5E () CfH, LA cDNA W FEFR B logs
PE A RS AL bR, LTS CAE A AL bR, 2l b
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Fig. 2 NJ phylogenetic tree based on GAPDH amino acid sequences of Exopalaemon carinicauda and other organisms
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Fig.3 Melting curve of three reference genes of Exopalaemon carinicauda
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Fig. 4 Standard curves of three reference genes of Exopalaemon carinicauda by real-time PCR
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Fig.2 Theoriginal C; value of reference genes

i sample

WS HEH reference gene

C{H{EF C range

SE¥) CfH average C, value

ACH AC, value

AEHAR 18S rRNA 8.45-14.64 10.36 6.19
different tissues B-actin 19.39-28.24 24.27 8.85
GAPDH 19.03-27.34 22.44 8.31
ENGELS S R 18S rRNA 8.44-14.11 10.98 5.67
different post-molt time p-actin 24.55-34.75 29.58 10.20
GAPDH 19.19-31.53 24.24 12.34

R RN NS L 18S rRNA, 281k Fil i
KEIA p-acting FEA[RIMEFE GBS H] 5, 18S rRNA
(1) CABZ ALK IH /)N, GAPDH 7Z Ak i Fl i
Ko HILATIL, £S5 H7EAN R 418 5 AR TR
Wi 52 S B R A BRI B, IR —A [
o B, fEERSIE AT HETT S 561 1
PESELE

geNorm 42 il 15 75 25 7€ W AR W REAR FTIA
2 R0 R 5 P A T RO 5 R L AR S 2 B0k
H e e R R R R e MO(E, HEW BT S
IR RE M, MR, e, R2ZRE
PEMT, RGN MK 1.5 5 geNorm 4 f4:
FHABL, NormFinder # 4 [F) A & N S 3L I (A2 1AL,
AR UL I 1% 36 R B FE 72, ASid NormFinder J2&il
14 NS LK B 41 A R4 18] 7 22 5 Aok 6F NS
B B R PE AT PEM YT F ] geNorm 1 Norm-
Finder B4 5% AS [ 4 2RI [R) 058 5% J5 Bk ]
H R IR 3 S 3L Rk fa e PRtk AT /04T,
FARBE R 3, i B, FEARRIASIF geNorm
SRR E R R NS L 18S rRNA, H
KN B-actin, GAPDH $2 € Vi #x 2% ; NormFinder 1
[ 4% /& 18S rRNA MFa & P =y, HIKJE GAPDH,

*3 HWEERERIEESH geNorm 1 NormFinder 534
Fig. 3 Analysis of reference genes by geNorm
and NormFinder

s NormFinder
B wzsgp  eNom ML g
M value of
sample reference gene eNorm stable value of
& NormFinder
VNG 18S rRNA 1.470 0.067
different p-actin 2.064 0.078
tissues
GAPDH 2.369 0.069
A [) it 7 18S rRNA 1.030 0.031
Jei B IA) B-actin 1.819 0.060
different post-
molt time GAPDH 1.357 0.030

B-actin FREPERR2E . TEAS [R5 J5 B[R] SO N 2
SRR EE T &, geNorm 1 18S rRNA )
REMEE, M NormFinder 1 GAPDH WifaEE
e, FREMRZENNSERNY R B-actin,
BestKeeper # {4l i X 4 NS H CAHM
P A BE XS A RH O 2R 80 (r) « s v Al 22 (SD) AR
FRB(CV), W4 AR K/ANFEIT IR, HHXER
BOWE, bR 22 AR S R AR, RO M ) e
L1 FIH BestKeeper %A ] 20 4L HIUA [ 51 72 I
B[] 25 A S R 3 NS AR Rk ik T 4
Br, ST a5 RILER 4, RIS R 218 2 A [ i
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BEAE S5 AR AUF GAPDH JEIN 1 v [ Je N 23 ARG 1 23 A
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FEJE A A, 18S rRNA AYAHC R E e, HAR
e 25 B Ik, AR S RECHEXT IS = . 25T Bes-
tKeeper ZE A Z R E, BmGkg B BIAN S A

FREMERHIT . 26 AC fH M geNorm Hl Norm-
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Fig. 4 Analysisof reference genes by BestK eeper
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Fig. 5 Ranking of the reference genes according to their stability value
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Abstract: Quantitative real-time PCR (qQRT-PCR) is a powerful and commonly used method for in-depth analysis
of gene expression that offers increased sensitivity and specificity over other methods. However, in order to obtain
accurate results when using qRT-PCR to study gene expression, one or several internal control genes for normali-
zation are needed. Housekeeping genes are known as such a class of genes that their expression levels are expected
to remain constant in the cells or tissues in response to any environmental or physiological stress. But, in fact, no
any housekeeping gene always stably expressed under all physiological conditions as ideal reference genes.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH), a classic key glycolysis enzyme presented in all tissues, is
one of the most common housekeeping genes used in the analysis of comparing gene expression levels as refer-
ence genes. Nowadays, the role of GAPDH as the reference gene was being questioned and challenged by accu-
mulated experiment evidences. To investigate the stability of GAPDH as a reference gene, the full-length cDNA
sequence was cloned from the ridgetail white prawn, Exopalaemon carinicauda, which mRNA was measured in
different tissues and at different post-molt times. The obtained full-length cDNA of GAPDH was 1514bp, includ-
ing 69 bp of 5'-untranslated region (UTR), 1002 bp of open reading frame (ORF), 443 bp of 3’-UTR containing a
canonical polyadenylation signal sequence AATAAA prior to a poly A tail. The ORF of GAPDH encoded 333
amino acids without signal peptide analyzed by SignalP software which is highly conserved across the phyloge-
netic scale. The molecular mass was calculated to be 35.71 kDa, and the p/ was estimated to be 6.61. By alignment,
the amino acid sequence of E. carinicauda GAPDH contains two major domains, the NAD" binding domain
(amino acids 3—149) and the catalytic domain (amino acids 154—311). In order to compare the expression stability
of three endogenous candidate genes (18S rRNA, f-actin and GAPDH) in qRT-PCR analysis in different tissues
and different post-molt times, eight tissues (eyestalk, gill, heart, hepatopancreas, ovary, stomach, instestines and
abdominal muscle) and 4 different post-molt times (1, 5, 10 and 15 min) of E. carinicauda were collected for
gRT-PCR. Comprehensive analysis of the results using delta C; method and the software packages geNorm,
NormFinder and BestKeeper revealed that 18S rRNA was the most stable reference gene in both different tissues
and different post-molt times, then was the GAPDH and f-actin in decreasing order. In conclusion, the best choice
for single reference gene is 18S rRNA, and 18S rRNA and GAPDH can be together as double reference genes if
needed in E. carinicauda.
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