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3/ % 2 i & 7 % geNorm. NormFinder X ACtx} 3 42 5 547 1~ [ & & B 3 Fv ik & 1 7
AP EI2ANER NS L EE W E T Lot H(EF14). TATAR 4 6% G X H(TBP). 4%
B H3 2L A (HIS). 40 & £ bS5 B (CYTBS). 2 % 4 &8 2 F(UCE). % iEARE ALK
(RPL8). # ¥ fk7& & S233L B (RPS23). M MRk &E G L24 H(RPL2). 4 & #CHRE
(CYTCO). £ KHETZWHE6&A2EE(GFRP2). & akBHUACfrf & & A LR
(TUB)y# AT R KR EMEAN. ERET, FHEEBAFFEALF b #HqRT-PCRY A7 F 234
W HEE, 2% hCYTC. CYTB5FRPS23; I £ Z AT iR F [ 41 ZLqRT-PCRY 1 % &
2ANH B, 47 5 CYTB5SF1GFRP2, ACTH FEEZBF AR KT N B F B 448 3 %

ERFAE

R FEEBT; WHEE; LHR UL EPCR; FRAFRY; TRAL

FEISES:Q785; S917.4

E AR WA AT (Ruditapes philippinarum)fi R AL
L VI W, BRI T (Mollusca)
W 5E 4 (Bivalvia) . 75 JE H (Veneroida) . i 85 F}
(Veneridae), I5Af/@t", F I & JEH 7 0 A1 SR 00
KE, F=EA3000t, 23 E R 8 e
FREE N, G-I E 0% b JEHRE
AP RARIE S SE | AR FRAE R SR
TR E AR A, RS2 IH OB SR AE L 5 2

SR 6 € 5 PCR (quantitative real-time poly-
merase chain reaction, qRT-PCR)E.F £ il 2 f&
Poo ER ML RS R A 550 B 3k
RGNS, TSN MY AP 5L %
IR ARG o Tz B #EqRT-PCRAT Y
B, LN S 5L R AR MR T B R ) H A JE R A
XPRIAEAE R W, AN NS,
R i 2% fig % 7 [R) S AU A0 B . 4 20 e A [m) Ak B
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e RN S A, ik H N 2 2 A 4R
fgeNorm"*' | NormFinder"® Jx ACti:!" 143 5 % 3E
RIS 174 K B BB 74 AS TRl 40 2L AT N
ZE N RBREMN ST, NIRRT L
A AR [R] 2 2 A IR P e il N S R T

1 RPRLS T

1.1 LR

FH A 9286 A T % 8 B 09 B0F 5% 10 SE A = A
FEACBEA I B K 745 1 & WP AR BE AR, @ AT
Bk w7 XA 5 F . BUAERT, /K (22+1) °C,
REE31:1, pH 8.1+0.1., HUFERTHA KB | W% 1
H580% LA - 1 R Jify =i 2l e i Ak i 01 5 Ay SBORE: Fsf
W, BAEHEGE, B AT 5008 iR 54
M, HF RO VLR O L B B2 K R J

=1 BRI
Tab.1 Sampling time

KEWH  development stage HUFERT (] sampling time

50 egg 0 min
ZHEUN zygote 3 min
SB—HAk  first polar body 15 min
B #fk  second polar bodies 18 min
ZYHM 2 cell 27 min
PUZaif 4 cell 50 min
J\HIHE 8 cell 1h 10 min
FoNZIML 16 cell 1 h 40 min
=+Z4E 32 cell 2h 20 min
JRIAE  gastrula 6h
ArHHIHEE 4 early trochophora 8 h 50 min
JE#AHREE 4l d. later trochophora 16 h 10 min
DJE4hH  D-shaped larvae 21 h 30 min
eI H umbo larvae 3d
MEH pediveliger 13d
HMEDL  juvenile 43d
HILFEHIREDL  coloured juvenile 48d
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HWAHT WA, ZERAET-80 cCRAKIR VKA
FH T A S50 9 1l A R 0 A1 B 3K 3
T X A FRAEREIR, 72K (3.2+0.3) cm, fPJEIEIK
B 31 KR (22+1) °C, #hEFE31+1, pH
8.1x0.1], HUAERT24 hist 1E#H . WOk, 43
WA oy B AT ST L . PR . ANERE . R N
FERT . KA, WA RS T AF T-80 °CHfk
VKA
1.2 S RNARJIEEY

A ISR & B I AR TR 4 4L RNA
¥4 ffi I TRIzol® Reagent (Thermo Scientific, 3
EDHFEHC, HETA MR 7R IR 50 T k7.
JIr 75 RNAGHE 35 1% 1) By B W 358 15 FL Dk A 0] G 5 4%
P£ ., {8 I NanoDrop® 2000c#% 2 43 #7 1X (Thermo
Scientific, 3% )R RNARY B J 4l B, 5256 vk
FHOD260/2801H 4 1.9~2. 1 RNAVEAT S5, K6 ]
B G AT 2R AT T80 ° CHEAR TR VKA
1.3 cDNAMIE R

R IAT AR L F B B cDNABEAR & AR,
HL750 ng#$ K& B W BLRNA, ffi FiPrimeScript™
RT reagent Kit with gDNA Eraser (TaKaTa, Ki%),
PR UL A E BRIE NI DNA, FF AT I 5% .
5 ST 7 YRR R SAEAE I qRT-PCRE MR, Jf T
20 °CIHAT

3E 4E BT R F) 40 42 cDN AR AR A A%, H
900 ng#5 41 2L R RNALL R AE 7 % [ 5 5% H cDNA,
] — 41 211 945 cDN AR AR i 43 3% E RN A= TR
&, il 3% cDNATR & WU W B 615 /E  qRT-
PCREMN, F-20 °CUff.

L4 SRR

R AR A 52 00 3 S A 0 A i IR 4 BT
P NS ILHFEFIA, UCE. TBP. HIS.
CYTB5. RPL8. RPS23. RPL2, CYTC. GFRP2I¥]
YihS ¥ 51, R H AlleleID6 (http://www.premierbiosoft.
com/) ¥ ¥ 5 # 47 qRT-PCRIY 51 ¥ % 3 (£ 2) .
T3 ACT" I TUB™ ) 51 W) ¥ 51 KI5 T B2 & R
pa
15 PCR™=4IM

S RE fEPCR™ 1) 248 1% 35 i Bl 5 JIC FL
VR, O AR R, AN T P
VIHLH i %75, FH SanPreph 2 DNA MK [F1C 5
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Tab.2 Sequence and efficiency of the primers
EYSEA 5P F(5—3") PP BKEbp YR %
gene name primer sequence (5'—3") amplicon length efficiency
FEHEHE F1a F:TGTAGAGAGGAAGGAAGGAAATGC 77 97.75
elongation factor 1 alpha (EF14) R:GTCTTGCTGGTGGAAGGATGG
ZRE AT F:CTAAGAAAGCGTGTCCTCATATCG 164 99.65
ubiquitin-conjugating enzyme (UCE) R:ATCAGTGTCAAGCATTCCAAGC
TATAMES; & H F:TACCGTTGTTGGCAAAAGAAAGAC 190 100.30
TATA-box binding protein (7BP) R:CGTGTGTAGAGTTCCAGTTCAATG
413 HH3 F:ACCGTTGCTCTCCGTGAAATC 166 95.95
histone (HIS) R:AGTATGCTTCGCTGGCTTCC
L DS F:CGGATGCCAGAGAATTGATGAAAG 134 103.55
cytochrome b5 (CYTBS5) R:CAGCCAGCCTGACCAACTAC
A E ALY F:GGTTATGTGAAGGGAGTCGTAAAG 291 102.10
ribosomal protein L8 (RPL8) R:TGTAGCGTAGTTGCCAGATGC
T HE AL 1523 F:GGTGTTGGTTGCTGGTTTTGG 128 100.55
ribosomal protein S23 (RPS23) R:TTGGTCGTTCCTTCTTTCCTCTG
A E AL2 F:GGTGCCAAACAAAGAATTAGACTG 227 102.40
ribosomal protein L2 (RPL2) R:GCTGCCACTGGATACTGAGG
gifliikeNe F:CAAATGCCTTGACGGTAATGATC 87 100.00
cytochrome C (CYTC) R:AGCCAAACTTTAGGACAATCTGC
HEREF A EEA2 F:CTGATGGGGCTTTCCTGGTTC 315 102.95
growth factor receptor-bound protein 2 (GFRP2) R:GTAGTTCTCCTCGCTCTTGTGG
MEEA F:AAGCGTCTATGATTCTGG 120 96.70
tubulin (TUB) R:GGTAAGGGCAAAGGTAT
MzhEH F:CTCCCTTGAGAAGAGCTACGA 121 102.75

B-actin (ACT)

R:GATACCAGCAGATTCCATACCC

BCETAY TR BB A BR 2 /DS IR,
5 [E I A DNA - Bt 5 pEASY-T 1 7 b 28k 1 3% 422
Bifi J5 W5 2% A4 5% A 2 Trans1-T1 Phage Resistant/& 52
SHM, 37 cCPMIGFR LK, 8 R
1208 B B SR HE AT 0k o 2B B B B 1 IRE B PR
i T PCRY) A 3 08 J5 ik A1 A TAEY) TR 1 ey
B RRAE AT BRI E, 255K 5SNCBIEE )
ARSI B AR A TR IS AT L PR 20 R AT X

1.6 SLETRFEE=ZPCR

K HSYBR" Premix Ex Taq"™ I (TIiRNaseH
Plus)(TaKaRa, K )Xk NS5 HET9 4,
2 b i LightCycler® 4807 # PCRAY 5E i, 20 pL
PCRY" 4 Jz W & % :SYBR" Premix Ex SYBR"Pre-
mix Ex Taq™ II (2x) 10 uL, cDNA (<100 ng) 2.0 pL,
ddH,O 6.4 uL, PCR Forward/ Reverse Primer
(10 pmol/L) 0.8 uL, R ML EIH TR . S
JAE i PCRIVE 5541495 °CHIZEM:30 s; 95 °CAR
HSs, 60°CHEM30s, HA0MIEI ., 1A Hh 26
AR 95 °CAEES s, 60 °CH A1 min, 60~95 °C
PL0.11 °C/shy BRI, 840 IR B R 4RSIk Ut
555 50 °CREIL30 so FF FEHE =R A7 A R 41 21
RNA S 5% 5 FIF 15 1) 43 cDNASS B uLiR &, 1E
I cDNAR IR G B, #2830, 3", 37, 3°, 3%,
SREBCGHEATRR R R, Tl & hn e 42 .

1.7 BUES

526 % H geNorm (version 3.5), NormFinder
(version 0.953)F1ACHE""""%} qRT-PCRF= A (1) i 1fy
CHEH AT EE 43 M7, 12 I LightCycler 480 software
(version 1.5.1.62)f fe K — B S EGETHE =i 8-
R,

2 4R

2.1 SIYIEVEF R MEIEM

F T qRT-PCRIW 51 #8506 /2 LA 34 4544
()R ik it 26 0 Bl 5 (2)PCR™“ 751 o0 H Y ik
HFE5 Q)3 SRR AE90%E 110%2 3],

ARSI 124 R N S R 0 i it 28
L (EI 1), qRT-PCR™ 203 1 H i R
BOy s, BB B REAE95.96% 5 103.55% 2
B (F2), il A RE(R)=0.990, 4R HE
B, AR S e 12 SR 5 ke Sk b, T LA
TFqRT-PCREZE

22 FERRBFARRXEHARENSER
TIATRE T

FEREBFWIINEERE S, 12905
0 CHE A AR 7E15.30533.91 2 (8] . HISHY SE K 3234
K- fei, CHEAE X Ai7E15.30~18.94, TiRPL2MY
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Fig. 1 The melting curves of twelve reference genes of R. philippinarums
1. ACT, 2. CYTC, 3. CYTBS, 4. EF14, 5. GFRP2, 6. HIS, 7. RPL2, 8. RPL8, 9. RPS23, 10. TBP, 11. TUB, 12. UCE

BEH R B KT Bk, CefifE29.28~33.91(&2).
HISH) CH{EZZ AL AR JE Fe /Iy, TE & FEAS [H] A3 o 22
0.919; ACTHCHEZEALTREE e K, HbrifE2 h i
K (6.380).

geNormifl i X 6 P 2 5 [A 147 7 794 1L %
TR, MRS I ME, 85 MIE 3 AR e
HATHEY , MIEB/N IR INBERE . geNormid
T3 Vi n+ 10 FARR D E SE6 i 75 P 2 5 R 4
B, U E B Va/m+1<0.150F, nBI A FrE B9 MW
Z I A BCR ) geNormxf JEAL B I AT A R &
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B 2R E N SRR S R R, &
B3NS LA RE A% AT BRAR 0 H AR B R 2 it
SR (K3, #3). geNormsiHr 4h A & B i 337 fe¢
BEHEEN 451 M CYTC . CYTBSHIRPS23.
NormFinder5 geNorm 15254, A [A] (1) J&
NormFinder /2 i i — 4N B BRI [R] 1) 46 18
N2 BE AN T A5 B RS E A, BB BN IE B 9% A
N2 ik ifa ", NormFinder/r #r 45 b f fa o8
A SN e JE T 5 geNorm 58 44 ], {H & HEF
WA AR, NormFinderfs 21 fe st a2 114468 1 J DX HE
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Fig.2 Distribution of cycle threshold (Ct) values for
12 candidate reference genes in different development
stages of R. philippinarums

1. HIS, 2. EF14, 3. RPL2, 4. GFRP2, 5. RPLS8, 6. CYTB5, 7. TBP, 8.
CYTC, 9. TUB, 10. ACT, 11. UCE, 12. RPS23. The upper and lower
boundaries of the black boxes indicate 75 and 25 percentiles of Ct val-
ues. The black centre line indicates the median Ct. Whiskers mean the

largest/smallest Ct value, the same below

J¥ HRPL8>RPS23>GFRP2>CYTB5>CYTC
(#3).

ACHIHTIEAN TG BEBR 2 RNARY R IR B, 7]
LT R — R A 1) AN [7) 5 PR 36 A7 79 7 Cefi 25 {8 L
B, MBI ARG i 25 10T, fE R A IR AT
AN & B RN S 3 R e M EAl v, ACHE
Sy AT 4R 5 geNormik 9 40 BT 45 SR AHL, Fefae
R I SASE AR 2457 B4 G P A B3 (6 3)

LEA3R T IR A Vet AR W, FHE
3NN SR A RENS A5 HLAR 1Y H bR 2 (8] g 12 45
W WM CYTC. CYTBSHMRPS23 N JEH =
W AT AR & B B30 A 3 PRRR X b nT Y
AEN

2.3 FEEBRFHAFAEHRURENSEER
FTIARTRE MVl

SEYRAG I T AR T A AF AR N TR ZH A rh &
3 NS FE W B R IRKF, AR CHE W 23 A 15
WA 4FT 78 o AS TR 2H 20 rp 124 68 16 9 5 3 [ 1Y)
CHEAN T 14.59%31.142Z 8] . HH, TUBMACTH
TR ZAB 2 RREMB K, K MR/NCHE
SN AH2E4.35F6. 771G ;. RPS2311 CefE A2 fb ¢
AN, BRI/ NCHEA 220720638 . BL AL 56
B, ACTHEMFENL., K& . BRI ER P E
KA, RPS23TFEME . PEAR . PINEIHA] oh k&
%, TBP, RPL2, CYTCIETANHLIH RN ik

SO =~ DWW
— A= O — O\~

average expression stability

1 2 3 4 5 6 7 8 9 10 11

KRt —— etk
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(a)
0.424
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Vn/n+1 A
ratio of Vn/n+1

0
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0
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0!
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BRI S
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(b)

3 FERRRFAEL B EPgeNormiE 2 47
RIERNSEFREMER
(a) TRAN A 2 5 (R 2 e ik B e MR 45 2R (b) 7 B 0 B0 (¥ i ik
EF, nHEASEREE, TH
Fig. 3 Stability of the candidate reference genes
calculated by geNorm in different development
stages of R. philippinarums

(a) average expression stability value of candidate reference genes;
(b) determination of the optimal number of candidate reference genes
1. ACT, 2. TUB, 3. EF14, 4. HIS, 5. TBP, 6. UCE, 7. RPL2, 8. RPLS,
9. RPS23,10. GFRP2, 11. CYTBS and CYTC, n is the required number

of reference genes, the same below

WAL, CHEM26.86~31.14,

geNorm/ &5 R EK M, CYTBSHIGFRP2TESE
BEIGFARAN P RIERRE, HKRHA
RPL8. RPS23MUCE ([#l5-a), V2/3{H/NT0.15,
JIT LA B ER 2N S 5E H (51 5-b).

Normfinder/r #r 45 R & W], CYTB5HIGFRP2
by FE A T WG AT AS [F) 21 20 3 3k R 1 24 3
W, ZRN A2 5 MmN, 5geNormsrHr
SR —3 (5 4).

ACHE YT LW, ACtE: 5 geNormik 45
BILTF—8, UHES. 6l A ARl (£4). ACt
2 R REIN N CYTBS R GFRP2AE SEFE B IR AT A [R) 41
P RBRFRRE .

LEE3IM AT T IR EE G Vet 1A, B 2N
N CYTBS M GFRP2 M AE 3 2 05 A [) 2 21 b e A
WK H A, RS RM, ACTHI TUBTE3F
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*3 FERBRFIRLERHHPRIERN
SEEREREMHR
Tab.3 Ranks of the candidate reference genes for
qRT-PCR analysis in different development
stages of R. philippinarums

ZREHEA
geNorm Normfinder ACt A .
comprehensive ranking
CYTC 1 5 2 2
GFRP2 4 3 4 4
CYTB5 2 4 1 1
RPS23 3 2 3 3
RPL8 5 1 5 5
RPL2 6 7 6 6
TBP 8 11 7 9
HIS 9 12 10 10
UCE 7 10 8 7
EF14 10 6 9 8
TUB 11 9 11 11
ACT 12 8 12 12
2 30 = ==
= 25 =
4m O - = =
SE = -
o 20 —_ = | ==
s - =
215 =

1 23 45 6 7 8 9 1011 12
K gene
4 FERERBFRERELAAPLRMRIE
RS EENCHES
Fig. 4 Distribution of cycle threshold (Ct) values for
12 candidate reference genes in different tissues of
R. Philippinarums

1. HIS, 2. EF14,3. TUB, 4. ACT, 5. RPL8, 6. CYTBS, 7. RPL2, 8.
GFRP2,9. TBP, 10. CYTC, 11. UCE, 12. RPS23

SR BT B T BRI A A 120 3k P rp A7 B 41 41 2
PABSINIIPMSEE & SIS

3 TR

SE A T PCRECR A M B 5y . #RAE
SRR AL, N H T B AR A A
mA, R Z 2 kI — 2w HAS R AE A [A]
WL ANFLEE KM RFEKRB B REN
FasE, WACT. TUB. GAPDHZ'"", [N i ix L
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Fig. 5 Stability of candidate reference genes calculated
by geNorm in different tissues of R. Philippinarums

(a) average expression stability value of candidate reference genes;
(b) determination of the optimal number of candidate reference genes
1. ACT, 2. TUB, 3. HIS, 4. CYTC, 5. RPL2, 6. TBP, 7. EF14, 8. UCE,
9. RPS23,10. RPL8, 11. CYTBS and GFRP2

SR SRS B P IR R R AR N S A
T IE R ARG Y AR, B AR ELL Y
Ty A7 HRAR N S JE X 1 O e AR A 0 R B
T Excel ' &5 iy NormFinder, geNorm#ll
ACHE T e N S 5L W I H RO =), AR
TS EIFRAR A N S, R B R X 3R i Xt
fo i N 2 B R MR AT 1AL o AR JE R G AT
AN & BN S 5 A e M & B, geN-
ormFACtHE S H 1y 45 R IL-F—%, RICYTC,
CYTBSHIRPS23 M Hi3 i e ha e WS 51K . i
NormFinder/3 7 45 30 A A A, Hl e fa e i
i 1% 35 X 4 HE Iy RPL8>RPS23>GFRP2>CYTB5>
CYTC. LZEG3FEA 31, mAHEFECYTC,
CYTB5SHIRPS23 R AE A B2 Wi A1 W i A & 4% i 0
RRBEMNS IR A EXIEFREEIRT AR
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*4 FERBFARERHREANS
HERRKEEMHZ
Tab.4 Ranks of the candidate reference genes for
qRT-PCR analysis in different tissues of
R. philippinarums

YN
geNorm Normfinder ACt compref:ezjjianking

CYTC 9 6 9 9

GFRP2 2 1 2 2

CYTB5 1 1 1 1

RPS23 4 3 4 3

RPL8 3 7 3 4

RPL2 8 5 8 8

TBP 7 3 7 7

HIS 10 10 10 10

UCE 5 9 6 6

EF14 6 8 5 5

TUB 11 11 11 11

ACT 12 12 12 12

AN S I H TRV K B, 3R 0 kg Ry
KW CYTBSHIGFRP2 A A NS HEIN, ZJa N
RPS23. RPLSMIEF1A4,
IR /A B A IR &
BRI e Higgih . DIEYIR . %
Tghi . mEgd HOKAEHE DURUOKE HEDL,
BB A HE DR Y752 — 2k H 2P
AR RF RIS T A= 35 2] e b i i A 3 78 A AV
A o H AT TR sh 8 b I iR 45 e B IR
SR C A — 2 RkiE . ERAECIA N
ACT R & WM BB U (Pinctada fucata) SRR IG &K &
Wb RS E NS . E PR T s R
(Haliotis discus hannai)f) 107 % B B B IFEA
RILACTHFIZN L (5 2R b3 PR 2 B S AN TR & B
IF 309 1) i N 2 B K. Feng %5 D0 MR 28 3 DL (Par-
inopecten yessoensis)5 ™ NG & & BB i#HA1T T 124>
f 2 N 2k D 3R GKFS E MEAT AL, R & A
CYTCHIH T -3 -1t I 1t S0 g 5 DA T 4 Sy M 52
DURTR R B I IR NS L o T TR SE 5 vh &
BLCYTC. CYTBSHIRPS23M AL UGAT 174 A IF]
REMNB P EENSENAS, 5L EHABI
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The selection of reference genes in different development stages and
different tissues of Ruditapes philippinarum

MU Zhengqgiang, YAN Lulu,

WANG Huamin ,

HUO Zhongming, YAN Xiwu "

(Engineering Research Center of Shellfish Culture and Breeding in Liaoning Province,

College of Fisheries and Life Science, Dalian Ocean University, Dalian

116023, China)

Abstract: To select the reference genes applicable for 17 development stages and 7 tissues of Ruditapes philip-

pinarum, expression stabilities of elongation factor 1 alpha gene (EF14), TATA-box binding protein gene (7BP),

histone gene (HIS), cytochrome b5 gene (CYTBS5), ubiquitin-conjugating enzyme gene (UCE), ribosomal protein

L8 gene (RPLB), ribosomal protein S23 gene (RPS23), ribosomal protein L2 gene (RPL2), cytochrome C gene
(CYTC), growth factor receptor-bound protein 2 gene (GFRP2), B-actin gene (ACT) and tubulin gene (TUB) were

then evaluated with three algorithms—geNorm, NormFinder and ACt methods, respectively. The results suggest

that CYTC, CYTBS and RPS23 were the optimal reference gene combination for different development stages;
CYTBS and GFRP?2 were recommended for qRT-PCR normalization of different tissues. The ACT was proved to

be the most unstable in different development stages and different tissues of R. philippinarum.
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