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Primer sequences for six candidate reference genes used in the qRT-PCR analysis
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Fig.2 Amplification curves of standards for the candidate reference gene

22 BEENSEBRMNREEEST

% 35 P 2 5k R TE R Ji 8 45 B BB B il £ 45 2H 41
P 2 X I (Ce ED IR 3 B . 6 Mgk Y
SRNFEMNG KT K45 HEUP A Rk oA 48U
S HE A A L DU AR 8 B 8] 1 2 3k b S A L
meMHENMWBLSFEEAEN RN ZE S, Hi,
18S rRNAM F Ik F A NG & & 45 B B Sl f 45

A ¥k e i TUBA . TUBB } GAPDH (H 3
K5 BRI
23 BEENSERERREBTPHREREN

T ZABAR Y SROIE i & B P . geNorm 43 #r 45 2R
% : TUBA . TUBB .18S rRNA 1 ACTB J M {#
BUNT 15, WL, & GAE A NS5, K, TUBA
M TUBB W M {i e/, b A2 . BestKeep-



4 £ L N o o 4 %538 %
301 20/ fifi 2n embryo 30r 4nfBfifi 4n embryo
25F 25F
S 20f Q Q £ a0} @ g
G &}
15F o 15F
1ot Lok =
= . . . . . . = . . . . . .
N ACTB TUBA EFIA GAPDH TUBB 18S1RNA 2 ACTB TUBA EFI1A GAPDH TUBB 18SrRNA
iR N SR Gandidate reference genes N ZF N Gandidate reference genes
30 2n#lZ 2ntissues g 30r  4nfl4R 4n tissues °
. 25 . % o ! % o
E . E o
S of T — : S 20t % = S
S o
@ 15f il :g 151 é
@] @]
10F 10F
5

ACTB TUBA EFI1A GAPDH TUBB 18SrRNA
fiEie P 22 B Gandidate reference genes

& 3

ACTB TUBA EFIA GAPDH TUBB 18S rRNA
figE 3 P 22 B Gandidate reference genes

“ER NEERBERATENERNRASHARIENSERREEE

Fig.3 Expression abundance (threshold cycles, Ct) of the six candidate reference genes in embryo

developmental periods and adult tissues of diploid and tetraploid M. anguillicaudatus

er MHTHYZE 5 geNorm B AL, H NormFinder
FUACT AT 43 B 45 1019 28 M HE Y A B A A T
TUBA > TUBB > 18S rRNA>ACTB > (GAPDH/
EF1A) . A R 50 B A5 04 2% 55 R 0 A2 e PR HE T
AL AHAE MR (E 4), H B, FH RefFinder #E17
ZEA T S5 S R B N S 5k T AR R HE T K
WM : TUBA > TUBB >>18S rRNA™>ACTB >GAP-
DH>EFI1A,

7V £ 4R W JIG & B B, geNorm 43 #1 1 7R
TUBB.TUBA ,ACTB.18S rRNA Fl EF1A 4
BWNS RN &M (M<<1.5), Hf, TUBB I TU-
BA W+ ik E. H BestKeeper 70 By 45 R 5
geNorm A% 5 22 7 5 K . 18S rRNA fefa 2 . Hiik
& TUBA ., ] NormFinder fil ACt 5 H 11 45 5 41
fl: (TUBB/TUBA ) > (18S rRNA/ACTB) >
(GAPDH/EF1A) (Il 4)., JHl RefFinder 43 #7
N6 A B E MK IR . TUBB > TUBA >
18S rRNA>ACTB>EF1A>GAPDH ,
24 RIENSERERESHATHNRIEBEN

FH geNorm 554 #7 6 A~ 3k X 78 1 W AT ik
1L AP RIBARENE A5 R 5 iR, 1E
A R U k45 4l 2 b, geNorm 43 B 45 R B R .
ACTB F118S rRNA &L HA2E , i GAPDH Fl
TUBB AfF & WS 3 W 1Y 0 ik & (M >1.5),
BestKeeper 40 #1455 R /R, EF1A £k g, &

Wl ACTB #1 18S rRNA, NormFinder il ACt 43
Brai R R ,ACTB TE& H A h 1y Rk B fa e .
ZEA KM RefFinder 23T 45 3 B R .6 ANk N 5 3
H R @ KRl : ACTB >18S rRNA>EF1A >
TUBA>TUBB>GAPDH ,

TE VO A% A 8 8 25 2 21 b, ] geNorm 3R 19 43
Wrah B 5 5 R AH L ACTB M1 18S rRNA & k2
E, H KN EF1A, BestKeeper 7 #7245 & & /N,
EF1A W3Rk EdasE . IR 18S rRNA #il TUBA
NormFinder 434 ik 7k , TUBA (k& E , ik
ACTB( 5), ZEE 54 RefFinder 20 Hr &5 4,6 4~ %%
PR B4 5E KR K s ACTB > 18S rRNA™>EF1A >
TUBA>TUBB>GAPDH , 5 %A H[F ,

25 RENSERERBARGSEEANREN

R 4 BT % B R AR AR L DA 4R Ul Rk ) 2R 3k
R P L BRIV 6 3 FH T 08 B8k 355 3% M o0 A 1 o 2 0
X6 AN FE R TE IR iR & 45 B B & 2L 4
Xif 5 AE PEAT BE X REAS ¢ K 6, o0 A L 4 X 3R Gk i
R EMER 2R, RAFEAR KRR B,
R & F & BB, TUBA #1 18S rRNA f1F — 1%
R AE R A FRE2E R B FH (P <<0.05); 1M
ACTB.TUBB.EF1A 1 GAPDH W %3k JC W %
PE2E 5 (P =>0.05) , P L, AT AR O A5 4 1) 35 PR 3 35 4%
IS (R 2), 256 LR &L A5 4.
DU 5 44 U B8kOVR JiG % B BE SRR e 1 TUBB A V2 8



5% 53

PR 5 AR DA AR B qRT-PCR 43 47 o 4 2 5 R 38 5

M M value

S
1.5
1.3
1.1
0.9
0.7
0.5 L 1 1 1

GAPDH EFIA ACTB 18S TUBA/
rRNA  TUBB

«<Least stable genes Most stable genes—
ik P 2Bl Candidate reference genes

2.0 2n
NormFinder
515
<
-
= 1.0
o=
S 05
0.0
EF1A GAPDH ACTB 18S TUBB TUBA
rRNA
«—Least stable genes Most stable genes—
i N 2 KL Candidate reference genes
1.9
4n
) I geNorm
2 1.5
S 13
= 1.1
g oo
0.7
0.5 1 Il L
GAPDH  EFIA 18S ACTB TUBA/
rRNA TUBB
«—Least stable genes Most stable genes—
e ) 22 5L K Candidate reference genes
2.5
o 2.0 4n NormFinder
=
S 15
=
o 1.0
= 0.5

0.0
EFIA GAPDH ACTB 18S TUBB TUBA
rRNA

«<—Least stable genes Most stable genes—
e )2 5L K Candidate reference genes

B 4

2.5
o P BestKeeper
2 9290 2n P
s
= 1.0
g o5
= 0.0
EF1A ACTB GAPDH 18S TUBA TUBB
rRNA
«Least stable genes Most stable genes—
{22 5K Candidate reference genes
2.5 2n ACt
5 20
<
> 1.5
> 1.0
o
S 05
0.0
GAPDH EFIA ACTB 18S TUBB TUBA
rRNA
«Least stable genes Most stable genes—
ik Py 2236 Candidate reference genes
2.0
4n BestKeeper
s 15
=
>
S 1.0
o
= 0.5
0.0
EF1A GAPDH ACTB TUBB TUBA 18S
rRNA
«<Least stable genes Most stable genes—
1% P2 5L Candidate reference genes
ACt
3.0 4n
o 2.5
=
= 2.0
-
S 1.5
@ 1.0
= 0.5
0

18S ACTB TUBA TUBB
rRNA

<Least stable genes Most stable genes—
ik ) 22 5L K Candidate reference genes

.0
GAPDH EFIA

RIENSEREZ NEKERAERPREELERF

Fig.4 Stability values of the candidate reference genes in different embryo developmental

periods of diploid and tetraploid M. anguillicaudatus
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Table 2 Paired sample ¢ test of the expression level of the candidate reference genes in diploid and tetraploid M. anguillicaudatus
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Candidate reference genes Correlation coefficient P value of pairwise correlation P value
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ACTB 0.824 0.001 0.974
TUBB 0.725 0.005 0.912
EF1A 0.903 0 0.305
GAPDH 0.444 0.129 0.116
TUBA 0.281 0.352 0.034
18S rRNA —0.105 0.733 0
R A 45 4120 Tissues of adult fish
18S rRNA 0.497 0.087 0.797
GAPDH 0.956 0 0.487
TUBA 0.988 0 0.417
EF1A 0.969 0 0.172
TUBB 0.995 0 0.024
ACTB 0.939 0 0.007
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Screening of optimal internal reference genes for qRT-PCR in
diploid and tetraploid loach, Misgurnus anguillicaudatus

LUO Shuangshuang GAO Zexia FENG Bing ZHANG Manman CAO Wenyi ZHOU Xiaoyun

College of Fisheries, Huazhong Agricultural University/Key Laboratory
of Agricultural Animal Genetics ,Breeding and Reproduction of Ministry of Education ,
Wuhan 430070,China

Abstract To identify the optimal internal reference genes for qRT-PCR analysis in loach (Misgur-
nus anguillicaudatus) ., six commonly used reference genes, including ACTB, TUBA, EF1A, GAP-
DH, TUBB and 18S rRNA were selected as candidates, and their expression stability during different
developmental stages, across-tissues and between-ploidy were evaluated by using BestKeeper, geNorm,
NormFinder, ACt and RefFinfer software. The results showed that, during the process of embryonic de-
velopment, the expression levels of TUBB and TUBA were more stable than the other genes, sugges-
ting that they can be used as reference genes. Besides, the expression level of TUBB showed no signifi-
cant difference between diploids and tetraploids (P >>0.05), suggesting it is the most suitable internal
reference genes for qRT-PCR analysis during embryonic development between-ploidy. Among different
tissues of diploids and tetraploids, the expression levels of ACTB and 18S rRNA were more stable than
the other genes, thus they can be used as internal control genes. Of which,18S rRNA was considered as
the most suitable internal control genes, because the expression level of it exhibited no significant differ-
ence in different tissues between diploids and tetraploids (P>>0.05).

Keywords Misgurnus anguillicaudatus; diploid; tetraploid; polyploid fish; phenotypic variation;

gene expression variation; qRT-PCR; internal control genes; stable expression
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