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Quantitative real-time polymerase chain reaction (RT-
gPCR) is a rapid and precise method of analysis to
quantify the level of gene expression and is widely used
in the diagnosis of diseases and quantitative analysis of
genes. In RT-qPCR analysis, a reference gene (or house-
keeping gene) is used for normalization of experimental
results. Since this method of analysis detects a small
quantity of the product, it is highly sensitive and it is
important for the accuracy and reproducibility of the ex-
periment to select a reference gene suitable for gene ex-
pression studies. As the expression levels of the refer-
ence gene are affected under different conditions, in or-
der to determine the suitability of the housekeeping gene
used as the reference gene, it is necessary to verify the
expression stability. In the current study, the stability of
the expression of 11 housekeeping genes (B2M, SDHA,
GAPDH, RPL13, VIM, EEF1A1, HPRTI, GUSB, RPL19,
ACTB, and ABLI) was investigated in the tissues of
long-tailed chickens (heart, thigh, and breast). Expression
stability evaluation was analyzed with four software:
BestKeeper, NormFinder, geNorm, and RefFinder. In our
study, GAPDH in heart tissue, HPRT] in thigh tissue,
and RPLI3 in breast tissue were selected as the most
stable reference genes. Evaluation of the expression sta-
bility of housekeeping genes can provide important data
in gene expression studies by selecting an appropriate
reference gene according to various conditions.

Key word: RT-qPCR, housekeeping gene, BestKeeper,
geNorm, NormFinder
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Introduction
A AA7F F3aAAYEES(quantitative real-time
polymerase chain reaction, RT-qPCR) AA|7t0 2 FE
He AR dE S4st 54 4R (target gene)2l
Ud S Fgsols WHoR, 88401 Z&rrt
EoF AR Fd AS, A AE "ol gl 2
SNP typing, BAA25E HOlHA HE 5 °§§ *
A Atol] Eol] A-EEIr ITH1]. RT-qPCRE
AL &9l SFH AES AFHoE JEMI EHT’:Oﬂp
WS} kot MBS §3, RNA] ot E4, PCRY
ae 9 Y3lY(pipetting) 25F 5 o AFH 240

o @A A=t g2bd 4 Utk RT-qPCRZ
AASH HAEE 5F2A7| §-A XK housekeeping gene)
g 7|& -,C-,’-XJZ]‘(reference gene)=2 ’5]—0% YA REEH
2 AN 54 FAAE SHAA JHAA AT
2 5o 24 §AR) U 2L PR, 3. 1
Gy BE 2A0IH 712 SAAR AEE 594713 §
A7k PGB e grovl, A9 U 4

qPCR EAoA A 2AER A3t 7|&
Jo] F8asteh4, 5]

N1 X(Gallus gallus var. domesticus)S 2|2t A
Ago] ZgEY, ZA|AT HA2=7]F(http:/dad.fao.
org/en/Home.htm, FAO)2} 7}= t}oFA] A HA| A (http:/
dad.fao.org/dad-is/en/, DAD-IS)°]| “Ginkkoridak’©. 2 5
Aslol Qov, e EEET Mo} 279 BALo]

1 m o]& ZAojRE= @Y EAo] Ut}6]. S H2%
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7l siAs 7R EE E40] A ot7]. "ol
St RT-qPCRE] FHA+ ®rd AFo]A TBP(TATA box
binding protein), GAPDH(glyceraldehyde-3-phosphate de-
hydrogenase), RPL32(ribosomal protein L32), B2M(3-2-
microglobulin), UB(ubiquitin) [8-10] 59 S}A7|H &
RS0l 24§90t A% 24 Sof wet B ws}
7 Aol HA) B AR WA S22 He15}

(normaliztion)3l=d] Ast 7|& SAXIE Wo| HLH

o JEu, JaEgelA Fd el 2 Ve +A
AE "AskE A A9 AR ol 59, 2

= n
g 24 AR2RE 7|E fAA] EE P B
7= RT-qPCR ZA9A FF 5ol A4 4% &
I B & fARe] Id HolHE Atalste
7|2 FEE AgE Aol

2 d7e 1" M AW, oE 25, 7t
&Aool Al B2M, SDHA(succinate dehydrogenase complex
flavoprotein subunit A), GAPDH, RPLI3(ribosomal pro-
tein L13), VIM(Vimentin), EEF1A1(eukaryotic translation
elongation factor 1 ¢ 1), HPRTI(hypoxanthine phospho-
ribosyltransferase 1), GUSB(glucuronidase-8), RPL19(ri-
bosomal protein L19), ACTB(f-actin), ABLI(ABL proto-

oncogene 1, non-receptor tyrosine kinase)2 ZEgsl= 11

A $H9478 S WEE REQPCRS E3) 2%
%, 0d A BNt 54 £4L A4 axn

o] BestKeeper, geNorm % NormFindere} ¢ 7]
ZEFo] RefFinderS ARESIALL, 457 LIS
S 7+ oA Id Aol w2 SHeATIE FAA

o 2912 Patsct.

=
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Al ZolA Trizol(Ambion, USA) 1 mLo]] 21l 20
chloroform (Sigma-Aldrich, St. Louis, MO, USA )i}
7 E3H(vortexing)dF . 18] 18,000 xgo| A 155
oF AN B FRT 4EY HES A2 Fro 2

Z35t9ith A=do] Soj7t EHO| £8F9] isopropanolS

-|olu

=
S
-

1

e of oo

Y1 18,000 xgoflAl 1087 U4l 8] F H(pellet)S
ARt A5 Fie AASHA o] "ilS
2 Ak, A2oA 1027t Axste] 2FHo=
RNAZ A3tk 53+ RNAE DEPC(diethylpyrocarbonate)
water®] =91 & ND-1000 spectrophotometer(Nanodrop,
USA)YE o|&3f & AAIN I, 2% Agrose gel(BioD,
Korea)ol| Al A7]¥9S535}o] RNAS] degradation 215}
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SIRA7|IE RTXL| m2fo|H HIE

2 AFoAE "old AQ A" 1178 sheA713
FHA(B2M, SDHA, GAPDH, RPLI13, VIM, EEFIAI,
HPRTI, GUSB, RPL19, ACTB, ABL)E AHsl91, A
¥ AHE= NCBI(National Center for Biotechnology In-
formation)o| Al Z+ 8-22] mRNA A YL $Asko] =
gt (primen)E AASHATE 71 242 FF A=Y
Z10](100-170 bp), Z&to|t] Zo](20 mers), oL P 2%
(annealing temperature) (60C-61T) 18|11 GCE=F(55%
—-60%)O2.% 5}0] Primer 3 Plus(http://primer3plus.com/cgi-
bin/dev/primer3plus.cgi) ZZIHE B AZordct
(Table 1). Z Z&}o]H9] PCR F-&3k(Efficiency %)< 1,
10', 10°, 108§ 3]dste] EE IZAES B3 71L7
(slope)zrS FFTheld Efficiency %= (1079 — 1)
x 100gro]Th)[11].

cDNA &4

cDNA AL SuperScript® III First-Strand Synthesis
System for RT-PCR (Invitrogen, Carlsbad, CA, USA) kit
£ A3 DNA THBAGIH 328 RNACIZ A}
25X AF=2 SuperScript® IIT First-Strand Synthesis
System for RT-PCR (Invitrogen) kito]] 3Z3+E A|<Fo|t}.
ZZ3SF RNA (40 ng) 4 pL, random hexamers (50 ng/uL)
1 pL, dANTP (10 mM) 1 pL, DEPC-treated water 4 pL
2 A2 98N [Z 65CofA 58 5 vt &+,
iceo| A 18 HESS}TE 1 & 10x RT buffer 2 ul,
MgCL(25 mM) 4 gL, DTT (0.1 M) 2 pL, RNaseOUT™
(40 U/uL) 1 pL, SuperScript® III Reverse Transcriptase
(200 U/pL) 1 L2 F W& 10 pLE THe & W5
£ 13} A EFsto] 25CoIA 108, S0TA 50,
85COA 5& ¥hg & HER iceof WHESHRTh mRA|EL
=2 RNase H 1 gL Y31 37CoA 20E7F H-8-5Fo] RNA
£ AAS) F3L - 20T EHsHtt. /dgt cDNAOJA
2t metolH o] f41at S5S f19k PCR K82 GeneAmp
PCR system 9700(Applied Biosystems, Foster City, CA,
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Table 1. Primer list of housekeeping genes selected as reference genes

Gene . Amplicon-
D t R =3’ .
symbol escription efSeq Sequence (5°—3’) size (bp)
F: CAAGGTGCAGGTGTACTCCC
B2M B-2-Microglobulin NM 001001750 166
R: CCAGTCGTCGTTGAAGGACA
: ; F: ACCATTTACCACCCCAGCAG
SDHA Succinate dehydrogenase. complex flavoprotein NM_ 001277398 107
subunit A R: AGGCAAAACGGGAATAGGCT
F: TCACAGCCACACAGAAGACG
GAPDH Glyceraldehyde-3-phosphate dehydrogenase =~ NM 204305 116
R: TTTCCCCACAGCCTTAGCAG
F: GGATCCCAGGCGAAGAAACA
RPLI3 Ribosomal protein L13 NM 204999 118
R: TCCTTTCTTCGGTGCAGACG
F: GCCAGATGCGTGAAATGGAG
VIM Vimentin NM_001048076 112
R: TGGCGAGCCATTTCTTCCTT
F: GGTTACCCGGAAAGATGGCA
EEF141 Eukaryotic translation elongation factor 1 ¢ 1 NM 001321516 109
R: TTGAAGAGGCAGACGCAGAG
F: CAGAGAGACTGGCACGTGAA
HPRTI Hypoxanthine phosphoribosyltransferase 1 NM 204848 147
R: TGGGGATTGACTTGTCACTG
F: TGGGTGAATGGAGTGCAAGT
GUSB Glucuronidase-3 NM_ 001039316 111
R: AACAGTGATGCGGCAGAGAA
F: GGAAGAGAAAGGGTACGGCC
RPLI9 Ribosomal protein L19 NM 001030929 116
R: GCGGTCGATCTTCTTGGACT
F: TCTGTATGCCAACACAGTGCT
ACTB B-Actin NM 205518 101
R: TCATTGTGCTAGGTGCCAGG
. ~ ; F: GCCTTGTAGGGGAGAACCAC
ABLI ABL proto oncogene. 1, non-receptor tyrosine XM 015279734 141
kinase R: ACTTGTTGTAGGCCAGGCTC

USA) 7]71& ©0]&3}% 3!, cDNA 2 pL, 10x Buffer 2 uL,
dNTP (2.5 mM) 1.6 uL, forward/reverse &0 (10
pmol) Z+ 0.4 L, HS Taq polymerase (2.5 units/uL) 0.6
pLe BHS5HS 13 pLE ¥ol F 20 pL=2 HESI
SR 7A-Z 95ColA 1% ¥HE F 94TollA 30%, 60T
oA 30%, 72COA 4525 373] RHESFRAL, 60T oA
302 wkgste] sCAIA HUSGh POR AES 2%
Agarose gelolA H7]9%E F4S Fa) Tlshglcy

Real-time quantitative PCR (RT-gPCR) 24

FAR Id £42 93t RT-qPCR2 7500 Real-time
PCR System(Applied Biosystems) 7]7]|2 43§35}, 1t
S8MLE cDNA 2 pL, 2X SYBR Green Master MIX
(Applied Biosystemes) 10 gL, forward/reverse I Z}o]mH

(10 pmol) Z+ 1 L Y& & DEPC Water 6 yLE vA|9}
oF ¥of F 20 uLE W=t PCREZ 50COA 2
£, 95CoA 1087 913 & 95T oA 15%, 60T 1
2 B¢t 403 BHESIRI 183 HFHOR 95T A
152, 60COo|A 18, 95CAA 30%, 60COfA 152 ¥H-g

SIRA7 | [HXIQ W ordd M

AR I MY Bk AL o 25, THEAEE
TEsto] BEASIh B4 T2 AL ufo|IZATE.
Al 7|dF AT E o]Ql Bestkeeper [12], NormFinder [13],
geNorm [14] =75 AMESIRAL, HFAFO R A 7FA] &=
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75 EWOIG BE 94710 SUAS HlLsiE @
718 AT E Qo] RefFinder(https://www.heartcure.com.au/
reffinder/?type=reference#)S& 5o AA| A <A=&
At Bestkeeper 42 ZF §ARXY Cigtow HEE
HA}(standard deviation, SD)2} W5 A4 (Coefficient of
variation, CV)Y§ o U&d ®¥o|& AAlste, 7H¢ F2

FRARL e $BAE A4 N1E $AA
EiA|gt, SD > 191 f8A= 484do] gle Ae= 7t
Z+SFH15]. NormFinder®} geNorm 242 bestkeeper?}
g 2 g g AR EAe AA3ttheld 4cCt
= Ctgl — HAACEH16] T4 ol &3 Ll +F2= Ct
2 S, geNorm 42 {47 79| H|wE F3)
A5 FFA-S AE Hol(pairwise variations, V)2 A%
otal, ZF GAXS] H & QY Al(stability value, M)
= Bl PE w2 MEE =2 HAELE At
NormFinder= 1% W % 15 719 ¥d ®olE 7|¥te
SH-A71 FHR] QMY AS EAI5] 229 7

S 918 2R,

AN

Results
PCROIA Sl2A7|H RTXISS| LH

7+ §AAFO] PCR A& 81%-106% Ato] 2 UEgt
on, 88 2% (melting temperature)= 78C-86C A}o]

A

B2M  SDHA GAPDH RPLI3

B2M  SDHA

GAPDH RPLI3

B2M  SDHA

VIM EEFIAlI HPRTI GUSB RPLI9

VIM EEFIAI HPRTI GUSB RPLI9

GAPDH RPLI3 VIM

2 U tH(Table 2). E3F A7 G54 BE o947
B A7 9 e 945 HIlom(Fig. 1), RT-
qPCRY| &8 FAHAE {FHA9 H|EC|HQ FZ vt
S HolA] Stth(Fig. 2, 3). S FA] €d 5
& Usi= gty B2 GAPDH7ZY 19.27(A%),

Table 2. Melt temperatures and efficiency values of house-

keeping genes

Gene Annealing Melt temperature ~ Efficiency

temperature  (mean + SD, ) (%)
©

B2M 60 85.5 £ 0.2 100
SDHA 60 79.1 £ 0.2 106
GAPDH 60 83.8 £ 0.2 91
RPLI3 60 812 £ 0.2 94
VIM 60 794 £ 0.2 95
EEF1A1 60 819 £ 0.2 95
HPRT1 60 78.6 £ 0.2 104
GUSB 60 81.6 = 0.2 101
RPLI9 60 82.7 £ 0.2 100
ACTB 60 80.9 + 0.1 94
ABLI 60 83.7 + 0.1 81

ACTB  ABLI

ACTB  ABLI

EEFiIAlI HPRTI GUSB RPLI9 ACTB

ABLI

Fig. 1. Confirmation of specific amplification and size of each primer. Electrophoresis result on 2% agarose gel of amplified

product. (A) heart, (B) thigh, (C) breast.
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Fig. 2. Melting curve of housekeeping genes amplified by RT-qPCR in long-tailed chicken thigh tissues. RT-qPCR, quantitative

real-time polymerase chain reaction.

16.47(tHe] 29, 15.26(7FAH02 HE RZ A =&
e 22 HloH, e GUSBRAATE Bt
277302 e 50| WA UEL, o] 283 THE
Ao A ABLI SAAZ} 27.37(h] 28, 27.07(7154)

2 7P 3 I 28 ekt

R 2

Bestkeeper 2

o] AXEo] == 7t R B Cgts 715t
oz Spet CV 59] Fro] A= H(Table 3), SDFFO] 7}
22 FARE w2 LS VKT St
N7 go] AZ zAo|M= RPLI3, GUSB, GAPDH7}
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B2M ‘ SDHA GAPDH .| HPRT1 GUSB RPLI9
|
|
,,,,,, [— [ —_—— ——
RPLI3 ‘ VIM | EEFLA ACTB ABLI
|
(B) Mok C =
B2M SDHA GAPDH HPRTI GUSB RPLIY
- o P T
| RPL13 ViM | EEFI141 ACTB ABLI

Fig. 3. Melting curve of housekeeping genes amplified by RT-qPCR in long-tailed chicken tissues. (A) Heart (B) Breast.

RT-qPCR, quantitative real-time polymerase chain reaction.

Table 3. Bestkeeper software statistical analysis of housekeeping gene in each tissues of long-tailed chicken

(A) Bestkeeper analysis results in heart tissues

B2M SDHA GAPDH RPLI3 VIM  EEFIAl HPRTI GUSB RPLI9 ACTB ABLI

N 3 3 3 3 3 3 3 3 3 3 3

GM [Ct] 19.47 23.67 19.26 23.19 24.09 19.97 23.33 27.27 2332 20.16 25.13
AM [CH] 19.50 23.69 19.27 23.19 24.10 19.98 23.34 27.27 23.34 20.18 25.13
Min [Ct] 18.24 2292 18.79 2291 23.50 19.31 22.63 26.90 22.73 19.08 24.52
Max [CH] 20.94 24.63 19.97 23.46 24.86 20.68 24.50 27.73 24.37 20.97 25.97
SD [+ Ct] 0.96 0.63 0.46 0.19 0.51 0.47 0.77 0.31 0.69 0.73 0.56
CV [% Ci] 4.90 2.66 241 0.82 2.12 2.36 3.30 1.12 2.95 3.63 222
Max [x-fold] -235 - 1.68 -1.39 -1.22 -1.51 -1.58 -1.63 -1.29 -1.51 -2.12 - 1.52
Max [x-fold] 2.76 1.94 1.63 1.20 1.71 1.64 2.25 1.38 2.06 1.75 1.79

SD [+ x-fold] 1.94 1.55 1.38 1.14 1.42 1.39 1.71 1.24 1.61 1.66 1.47
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Table 3. Continued

(B) Bestkeeper analysis results in thigh tissues

B2M  SDHA GAPDH RPLI3 VIM  EEFIAlI HPRTI GUSB RPLI9 ACTB  ABLI
N 3 3 3 3 3 3 3 3 3 3 3
GM [Ct] 19.87 25.13 16.47 27.02 23.23 20.06 24.02 26.78 21.80 19.75 27.36
AM [CH] 19.88 25.14 16.47 27.02 23.23 20.08 24.02 26.80 21.81 19.77 27.37
Min [Ct] 18.98 24.63 15.98 26.57 22.95 18.91 23.83 26.18 20.92 18.95 26.55
Max [Ct] 20.79 25.87 16.73 27.54 23.79 20.94 24.16 27.90 22.69 20.71 27.90
SD [+ Ct] 0.61 0.49 0.33 0.35 0.37 0.78 0.13 0.73 0.59 0.63 0.55
CV [% Ct] 3.05 1.94 2.00 1.28 1.60 3.89 0.52 2.74 2.72 3.18 2.00
Max [x-fold] -1.85 -1.42 - 141 -1.36 -1.22 -222 -1.14 -1.52 -1.84 -1.75 - 1.76
Max [x-fold] 1.90 1.66 1.20 1.43 1.48 1.84 1.10 2.16 1.86 1.94 1.45
SD [+ x-fold] 1.52 1.40 1.26 1.27 1.29 1.72 1.09 1.66 1.51 1.55 1.46
(C) Bestkeeper analysis results in breast tissues

B2M  SDHA GAPDH RPLI3 VIM  EEFIAlI HPRTI GUSB RPLI9 ACTB  ABLI
N 3 3 3 3 3 3 3 3 3 3 3
GM [C] 2043 24.28 15.25 25.30 23.14 20.39 23.35 26.07 22.13 19.43 27.07
AM [Ct] 20.44 24.29 15.26 25.31 23.15 20.40 23.36 26.08 22.13 19.44 27.07
Min [Ct] 19.57 23.78 14.95 24.93 22.20 19.61 22.90 2542 21.92 18.97 26.60
Max [Ct] 20.94 24.92 15.47 26.06 23.92 20.96 23.92 26.92 22.52 20.38 27.71
SD [+ Ct] 0.58 0.42 0.20 0.50 0.63 0.52 0.38 0.56 0.26 0.63 0.42
CV [% Ct] 2.83 1.74 1.34 1.98 2.73 2.56 1.61 2.15 1.17 3.22 1.56
Max [x-fold] -1.81 -1.42 -1.24 -1.29 -1.92 - 1.71 -1.37 -1.57 - 1.16 -1.38 -1.39
Max [x-fold] 1.42 1.55 1.16 1.69 1.71 1.48 1.48 1.80 1.31 1.93 1.56
SD [+ x-fold] 1.49 1.34 1.15 1.41 1.55 1.44 1.30 1.48 1.20 1.54 1.34

N, number of samples; Ct, threshold cycle value; GM, geometric mean; AM, arithmetic mean; Min, minimal value; Max, maximal

value; SD, standard deviation; CV, coefficient of variance.

, ACTB, HPRTI,
: <88 HPRTI,
GAPDH, RPLI3 FRA7E bAol &A yehtH,
ACTB, GUSB, EEFIAIS %2 QMHAL Hoth 1g
3 7RsAto| A GAPDH, RPL19, HPRTIO] 9+3Ao]
Eou, B2M, ACTB, VIMZ PF4o] @A yepygrt
o] A7E ZFd| HW GAPDH= BE ZRZOJA A
o] 2 FHAXRE AHEUTHFig. 4).

NormFinder £
TE 5FA7| FAAS] AA I WolE 751

HgA Fre AAFSH= NormFinder £42 47 X2 of A
GAPDH, EEFIAI, ABLIO| =& QtAAQ] SAAE A=
%9131, HPRTI, ACTB, B2M°] F& Qt3A 9] SHx=
AdEQon, e &8-S HPRTI, VIM, RPLI30] =&
YA, ABLI, SDHA, GUSB7} @2 QrAALS Hr}
7H&Ar RPLI3, ABLI, HPRTI®] %02 QFA4A
A&7t A YeSAL, EEFIAL VIM, B2MO] 22 9+
4 AE Uit 24 23S IFEE Yo I1F 1
H g &5 44 Id 84S S48 B o,
HPRTIZ} RPLI3S} Z2¥o] BE ZA A Aol &2
A9 7 FHAAR A= UTh(Fig. 5).
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Fig. 4. Standard deviation value of 11 housekeeping genes determined by bestkeeper analysis in (A) heart, (B) thigh, and (C)

breast of long-tailed chicken. Low standard deviation values indicate stable expression.
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Fig. 5. Stability values of 11 housekeeping genes analyzed by NormFinder. (A) heart, (B) thigh, (C) breast, and (D) total.



160

Yunjeong Noh et al.

geNorm 24
geNormAILE oj= Mglo] W48 Hg/4do] &5
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of tigt BE FHXY] U At MRS HF 1.5 o]
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Ot Ao| =0w, SDHA, ABLI, GUSB7} X otHAES
Hooh 7eaA =2 Ud FA8E 7R fR=
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S YT e A =8 25 Hs A
T3} Q1AH(normalization factor, NF) NF, I} NF,.; A}o]9]
A HO(Vo/ Vi) #h2 AlAESHe], 0.15 B]9Ee] gh(V <
0.15)0.2 AT} 18]. o] AFoA BE 2329 V 2/3
9] 7ol 0.15 m]gto]Ql oW (A1 0.053, the] 5 0.036,
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Fig. 6. Stability (M) value of 11 housekeeping genes calculated by geNorm analysis in (A) heart, (B) thigh, and (C) breast of

long-tailed chicken, (D) pairwise variations (V) value calculated in geNorm analysis to determine the number of reference genes

for normalization.
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Table 4. Ranking of housekeeping genes for all software

Heart Thigh Breast Total

Ran- Best- Norm ge Ref- Best- Norm ge Ref- Best- Norm ge Ref-

RefFind
king  Keeper Finder Norm Finder Keeper Finder Norm Finder Keeper Finder Norm Finder cthnder

1 RPLI3  GAPDH  ABLI  GAPDH HPRTI HPRTI B2M HPRTI GAPDH  RPLI3 HPRTI  RPLI3 HPRTI
2 GUSB  EEFIAl GAPDH  ABLI GAPDH VIM RPLI9 VIM RPLI9 ABLI SDHA HPRTI VIM
3 GAPDH  ABLI  EEFIAl EEFIAl RPL13 RPLI3 ACTB RPLI9 HPRTI HPRTI GUSB SDHA ACTB
4 EEFIAI ~ SDHA SDHA SDHA VIM GAPDH  EEFIAI B2M SDHA SDHA RPLI3 ABLI EEFIAI
5 VIM GUSB  RPL19  GUSB SDHA RPLI9 VIM GAPDH ABLI RPL19 ACTB RPLI19 RPL19
6 ABLI RPL19  HPRTI  RPLI3 ABLI ACTB HPRTI  RPLI3 RPLI13 ACTB ABLI GAPDH GUSB
7 SDHA VIM VIM RPLI9 RPLI9 B2M GAPDH  ACTB EEFIAI GUSB RPLI19 GUSB SDHA
8 RPLI9  RPLI3  GUSB VIM B2M EEFIAl  RPLI3  EEFIAI GUSB GAPDH  GAPDH  ACTB B2M
9 ACTB HPRTI  RPLI3  HPRTI ACTB ABLI SDHA SDHA B2M EEFIAI VIM  EEFIAI ABLI
10 HPRTI ACTB ACTB ACTB GUSB SDHA ABLI ABLI ACTB VIM EEFIAI VIM RPLI3

11 B2M B2M B2M B2M EEFIAI GUSB GUSB GUSB VIM B2M B2M B2M GAPDH
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Fig. 7. Expression stability ranking of the housekeeping genes calculated by the RefFinder. (A) heart, (B) thigh, and (C) breast.
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ZNAE ARl HAZ UEhd ZolZtal A7t
SHAY GAPDH= ®9 75 &% % Ql&do| A=
AWM, ACTB= A AtAaFo] FEd
oﬂ/ﬂ tﬂ-’c’ﬂo] ZXJQJ; = EXx Y %
F A A el et JFE 7] wzell[19-21],
BOoE Wol| AEEE AT FAA ERF RSt
Z7004 gl Aol "asity RT-gPCROA HH37H
SHA71 RS AEsts A2 % Ax dd 40
Al 710] He XS ot $83 gAoIH, oY
Aoz Ydst= 7|& AAAE Ao 54 {H%
o] #E3E B9l "e@ 20E FAE 5 ‘il‘i‘r-
by, & A4ts 1xYHy 2ARA, oY 25
7FEAHEE RT-qPCREOTHE A3 5 U= 1
FARE AEst7] {8l 471419 B4 AZEQo]
(BestKeeper, NormFinder, geNorm % Remeder)Oﬂ/\'] 11
7R SH-A71E FAR] dig EE HEAdS HUkekh
A0l AMESE oA 7]178 {2 AH= MHC(major  histo-
compatibility complex)-1 &A}9] 24 Q A(B2M), T-AAE
3| 20f Toj(SDHA), T EME ATF oA Aol o
(GAPDH), 2|X < Tl Z(RPLI3, RPL19) A ZZA Al
I 7139 91X AAol BA(VIM), W JARHEEFIAD,
4 3¢ F=29 404(HPRT1), Hgagk a4 244
(GUSB), M2 574 9 ZZA3 Fx0| #o{(4CTB), Al
29| @2 3ol Fofst= Aol Ak ToJ(4BLI)
[22-28]9} 22 7} 7|4 F8% 7le= It
4712 AnEoloA A% 222 GAPDH, ABLI 4
EEFIAIS At A9 SAXZE Adstgioy, B2ME e
ALEQOA 7Y 2 P M4=F WUt GAPDH
o] A HE AZEofoA ALHY MY &E
Uetilon, $27t Aet 1m g A4S 23tsto
AZrolu A9 A A A E A A
W 249 7 FAAE AHEJATH29, 30]. ESF 4BLI
< BestKeepers A|9|3F AZEQojoA &2 A &
A5 YeErdoh o 253 7RSS HPRTI 3R
Zr7b 152919 252919 =2 HHFAEE vEdler, 1 9
o= the] Z8olA VIMTF RPLI9 11 74&Akol|A]
RPLI33}t SDHA =02 71 PP AQ AR AEHE
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AE2AoF

r-lx
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T
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1w go] XA oA AeE Iz SAR}
Y GAPDH(A7A), HPRTI(THe] %), RPLI3(7}&4ho]
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