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Importance of Selecting The characterized Housekeeping Genes as
Reference Genes in Various Species
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Abstract Housekeeping genes are expressed in cells of all organisms and perform basic cellular functions
such as energy generation, substance synthesis, cell death, and cell defense. Accordingly, the expression
levels of housekeeping genes are relatively constant, and thus they are used as reference genes in gene
expression studies, such as protein expression and mRNA expression analysis of target genes. However,
the levels of expression of these genes may be different among various tissues or cells and may change
under certain circumstances. Therefore, it is important to select the best reference gene for specific gene
expression research by exploring the stability of housekeeping gene expression. This review summarizes
housekeeping genes found in humans, chickens, pigs, and rats in the literature and estimates expression
stability using geNorm, NormFinder, and BestKeeper software. The most suitable reference housekeeping
gene can selected based on expression stability according to the experimental conditions of the gene

expression study and can thus be applied to data normalization.
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1. M

R HE2 SR wgt 2 & oLt A 3ol A
gt o= Itk oje} Hifi 2 A Q] Aol W Q]
{171 Ao o= ZZo|u MZoA LAFHA
(consistent/stable) ®&o] &4, o] FHALE R
713 AR Housekeeping gene)ekdl St} =, 3R
271 FARE od B 270 Adstglo] M=z A
B &5 4 75 A0 2AQ Y FARE, o
247 DIgA A FEY APt wie- A2 EAS
7HA 3L QITH1,2]. sH-A718 §43 = AlZW DNAE
A, MZEL-FAAFETH 22 AxE £ F7(ife

cycle) A1, AAA AL, EAAL 5 TR 7]

- O =]
o= ©

I Qlek ClE B0, AlZ] A= 5 FFo] tHlets &
SATHA, Al Tl 2ol Fholsls i o
A SheA7|g A &3t °s5d, shA71d

FAREE 7 AREA FPAE AAKA AF
AEA Y= ThsslFE AAR 20164 wl= FFo]
HE] AasollA w|ZEepAnt vlo]HolH|A(mycoplasma
mycoides, F4A] 37] 1,079kb)eH= Aol ZaL 9)
Z 91770 |AA FollA 4377) sh-A719 F-dAE
7RI AFA ez AlH(]CVI-syn3.0, 334 =71
1kb)= F5iA, Alet 5ol R8s SAFTH3I
ATE Bl ABAY A2 &ofl HAL = ARAE
SH-A7)1 AR AT RN, FAAAES] Y
50| oido] B o wHY target2E SRAT]Y
FARZE E= At HPGGA (A F)oNlA T
713 93 3l passenger gene A|ASI] & A&
o &sl= Zo] HEA AL AolrH4l.

AR F2AQ SHA AT EYS uf, 5kA7]Y
A= T2 9239 non-housekeeping gene, non-HK
gene) BT} QJIEE(intron)°| © A A5 =2
d £ BQt) ol= F2 JIEEo] MAEAEE X
slote] =2 UdE Uet7] diZolth ol &0, Azt
oA ske-A71 FHAY] JIEE HHFZol7} 2,573bp
ojAgt, ThE FHA= 5,025bpE 9F 28] AU, 5R-
2717 AR A& Hd Zo] 212bpET tHE /4
Aol A 240bp=E © AA A% 2HH o R HHE
A &2 JY(untranslated region, UTR)Z} @& ¥
9 dY(protein coding region)?] T2 F-ZHA}o] v|gf
SRA7Y FARA B A EA4FTH5,6]. B ot
7vA, BF oMY HEE= 23 o] {fHA

(tissue-specific genes)x= o277 FHAET}
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aA EAst= d), o %2 7l Sh= ZH1E 1.54)
ol Zal lojA B ol L2E 27] wEoltt
1.
@2 Aol A FE == oA FHAL
£ 7]&(reference gene, control gene) .2 A& T2
ZZolu 54 204 ohE AlEZu BAHE A
(target gene)?] WdS Az o=z vluwstA Hct. A
o7t o' &4 AlRolA A AdEiet B g E 1Y)
A | w= TRt 3R 71E, e AEst
+ Y 2EYEYA et FRERE o]
ERRAAE HIoHA Hoh

@ wlo]3EojFol(microarray), RNA-A[EA
(RNA-Seq) oz FHA FAP LS AHAY
ARAoR HFZ o o, o' SH-ATE [FHRE 7]
£o8 Mdst= A we, ddiid d@zjelrt e
= At 53], A2 oE AN EZFAARe] ATiE
AP EE vlustuat & off, Z2k9] 204 B854
Ao HEAHS oF-A7|E FAAY dEFOE LA
EF8Hnormalization)3t Fofl AHH|WE sfjofqt gict.

Sh-A71 FRR oA T HH == 24
Eo| fAxe g 1) BE 23 T AEA {47
o] E|ojof git}. T, 2) WHE= F& ot A2zt
9] W9 2jo]7} 24 o]t oF k. 3) =R &
2 ZZo[u A&7} glojokt, 7| (control)o] € 4= 3L
oH8, 9]. of=] A oA FHA LA v wEA g et
E4% 17 2AoA A4 EES v nT o, 527
B FARA ofE KRS 7E0E EEIT ARIA|
Algo] FQsict.

AR FFEE At <l RT-qPCR2 ¢4
A FH 9] HslE AAzko 2 HmUEFsto] g% Id
T2 AL 5 Qo] oSt EAAAETE Al ARE
Ht}. RT-qPCR ®o|A @o] &ol= 5k¢A7] 74
Aol FF= ACTB, GAPDH, HPRT1 ¥ B2M 5°| 9
o, R AFH 27l FFE WA g=th= 7t
7 st A3t AF glo] BHHOo R A|ae} 2A oA
AR H3E AFSol| AT 7IERAAR ARSE DL
Ak sHAL, 71ERFARE 7P gol 85 =
GAPDH®| mRNA= &ZZ0)4 71 gol ¥do] &X|
9k folAE 7P A EEEE v, F 2ZA 15
Hf o]} W& Q] Fpol7} 2AFTH2]. AT}, A& 4719t
670 7F GAPDH 734t isoforme2 A2 2] o4+
AF5do] Eot. GAPDH ol9lof|k kA7 F4A¢

= 994 7 isoformEo°] £AstH, 71%0] H= 5k
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7198 AR R HolE TEsto] AASHA WHo|
A& A Hofol gt}
AT g 2o Alae] B4 1EskR] ¥ 7t
7} wol] AREohz sH-A7|T FARRE 7120 E Stk
AFZo| 27E E & Ut T A=, F8o] wol &
37K &+9-~71% R%2F GAPDH, ACTB, B2M &
5 AR s4d 7 ENA 25 K S
E7|A2ETE Z¥zF 28, o, 74l ol T =k
, S0 E7141 24 37§ GAPDH, ACTB, B2M 3}
$2713 §AZ NEE 7|02 AFE ot A2 F
A4 31tH10]l. GAPDHY ACTBE AlE9] X2, Ay
S A E e Aol whet ddo] 2Ed 4=
7] g&2o 270 olFe] sheA|E A RS gl
T 71ERAR AIER MYt Aol A-siH11-14].
2147 AYAZE ol9ox she-A7]3 FHRe]
2] 0] "HFHRARS Ao 7] $15f] geNorm(15], NormFinder[16]
4 BestKeeper [17] 59 &ZEQ[olE AT 4= Tt
[18]. Bestkeeper E{(www.gene-quantification.org/
bestkeeper.html> Z 5F9-A7|7 §3A19] Eojxo=z
e SZHo2HE SHAAIE thereshold cycle)
Ctate] BZHAKSD) 2§42 MEAG{coefficient
of variation)2A4] WA Q] Holg FH3IT} wahA] thef
gt 2704 EE9] ®o|7t F2 ZEWARE EAf ok
SHA7IY RS VIERARE AEE 4 Sich
geNorm 42 T2 L& 7|50] E £ Q= k947
B AR} pairwiseZ Blsto] WA Ho|(V)E 2
Ao RN THI|IEFHRY] MJEMFE gttt
AWH o R FPY W2 M-S 2= kA7 f4x7)
71 kg o2 HHEek NomFinderES geNorm
& G I5E 1Y A7 IE Al 7
Z5to] 35 5le-A73 {AR AEZRY 2 A9 71
AAE "ols ASZ geNormAH 2 WHol]
(Stability value, Sv)& 7Hl& 49 B 7|EFHAt
AEE 53T & Sich

EEME d¥te® A= GAPDH, ACTB X2
o} A9 FHHo wet £ AF AlAFelY AgkE
AE5o4 71 P H o8 IEE Hol= SHe-AT|
ARE 71E7AAE 483 JFE AWEIA itk
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2.1 Human housekeeping genes
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TR BolA sheas1g RAA AEY Fa4
QAZF 3 A (genome) = S BT 2AWE Y E

AFE 7ML QI7to] AL Sle /AR BE 7]
AL gf4st Q7 Ay ZEAE(human genome
project, HGP)E Bdf, 2228 A Ae} 27] JFAA]
of Ex5l= 9F 32,0007 @A A58} KA U
o] BreHcH19]. 17te] Tl 53}t FHA FollAl
Z2] Bo| A= £ A oAvt Iddch ¥4, 5t
A7 FARE 7P 71EH o R NuAgeshy 1
ol dast, ST Jgle]l LAgsHA dE"EH
(20]. SHp-27178 FARRe AA F2dAH9] 40%el sigst
A5k, E743 Ao H3gtE|o] WEE = 23] §o] 44
A= 5%l EIsict. sheA7Y FARRe}E 24 o)y
RS vlastd oRe-A71E AR B w2A 21gt
Sk= E4E 7ItH21, 571

QIZIIA EAsk= 5271 RA= Human Body
Map(HBM) 2.0 Z=2AEOS] RNA-Seq HI°IE(GEO
accession GSE30611, HBM)E &3l A%, =, 79, 2
7, A% A% 2 o 5 167 A 2ARF0A
Z 3,8047) sH-A718 RAAE EI5HT gAE o
1 A7 fAA 55 7 skeasE Rt
isoform®¥ THHYEE http://www.tau.ac.il/~elieis/
HKG/A TR E who} 283t 4= Ith8]. & t& ¢
TollA 1047H wto]Z&2ojeo] vlojE|RRE 437] A

(o)

Q1 oA 2,06470E BAsIT). BEE sk
B FHA= RNA ARk, Al Qlibst ol W
o, 8o 9 23 53 T2 7B B 1449
71%5< 22l

ol o)

¥ Ao TdEE oke-ATE AR HE 5
Faae viE A Jde] H-EE7] o] shAd]
B A AAY TdHske S8% A#o|th e
HollA wedl= MEZHRAFH thAl F&o] | wt
LolATo] 7]E0] He AV FARE ddide
2 drd Wyt glojof 3ttt ksl E st Wim ok
&4 AlZ(Endothelial colony-forming cells, ECFCs)°l|
A ] Sbde] Fofol= 2k ThlE RPL13(ribosomal
protein L13), RPL31(ribosomal protein L31),
RPL37(ribosomal protein L37) @ RPL30(ribosomal
protein 130) 8447} GAPDH, ACBEL} ¢ QFgdo=g
WE 23], Aok LEHo] == RPL19(ribosomal
protein L19)= B4 A9 AZF(PNT) Eot 470 A
A FAMZEFHLNCaP, DU145, PC3, PCM3)ofA
4.9-6.78) Tdo] F71EITH24]. AYA YAEFS} T
Eol o MgA x4o] ¢ AP 2 Hr} RPL19
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ALE 2= TAE &9l sHAY
S k= dl RPL19 mRNAZF B}
olemtAR A-LE 4= 9t}. o]e} Hith 2, BI-1 Z3chyl
21 RPL19 IEEL ARA AEHAE of7|sto] {4
LA ZFY] AZAFES EXAXITH25]. 11 oo
RPL15(ribosomal protein L15)= $¥H26], RPS15A
(ribosomal protein S15A)= HA27] SolA FAA
xR Pdo] F7HEATh 127] A7 |FHAE o]
&)l oFEX7} gli= H|HA], ofEn]/A P ofEw 42| of
dol9 7|k 4] AlEE Fofl A4 IE PEE &
AFelS o, PPIA(peptidylprolyl isomerase A) 3
A g2 8 FUolE FIFE WA G2 5ReAT]
B AR A4 7=AT e dAsH =] 7t
A A3tst 7|15 fAoIeH28]. ESE B9 HEAZAF
oA ACTB, EEF1Al(eukaryotic translation elongation
factor 1 alpha 1), FAU(FAU ubiquitin like and
ribosomal protein S30 fusion), RPS9 (ribosomal
protein S9), RPS11(ribosomal protein S11) %

RPS14(ribosomal protein S14) |2X7} 71 2% 9]

SFe-A7| FAR AER SRIEQICH29]. HO] HEA|
EFZOIA FFIAL iAol 2ol He F2E

(PGK1, LDHS)Z GAPDH= J23] 2ol F7lsk=
AL Slo] 71ERAR AEOA A= &9,
GAPDHE 9%, Bk, Akt o87] ArolM T3
o] Agxd Hoh. ArS}EYaA(oxidoreductase)?l
GAPDHE 48} 2EFHAS FE6l0] 4l9 HEge Lo
7= o &o]E-B(amyloid B, AT oFdEo|=-p A
T4 @A (amyloid-8 precursor protein, ABPP)S
xglol= dzslo|Hy(Alzheimer's disease) A
WY} A5 28-S gt o] QI8 U= GAPDHY]
ARRH 7] Aol 71934, ARAEA E A9 59 F
gl ez gzsto|mH o] w4 A7 75 &4
FFZ 713H30.31]. £ GAPDHe= AT 255
Aot g XML 7E AR H8-S SHA

12
1o .

A719] A B AT 0|90l QAztolA] TRt 2
g B0l Befslel 7|o] A 5 Ut 927 %

A= ACTGl1(actin gamma 1), RPS18(ribosomal
protein S18), POM121C(POM121 transmembrane
nucleoporin C), MRPL18(mitochondrial ribosomal
protein L18), TOMM5(translocase of outer mitochondrial
membrane 5), YTHDF1(YTH N6-methyladenosin
RNA binding protein 1), TPT1(tumor protein,
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translationally-controlled 1) RPS27(ribosomal
protein S27)C|Aqt FAIT 1=fStbH RPLA1(ribosomal
protein L141), PRDXl(peroxiredoxin 1), RPLS8
(ribosomal protein L8), RTRAF(RNA transcription,
translation and transport factor), JTB(jumping
translocation breakpoint), RPS29(ribosomal protein
S29), SNRPD2(small nuclear ribonucleoprotein D2
polypeptide), NOP10(NOP10 ribonucleoprotein)&
A7 vHEATH32]. ol of7] A A FAA EE
nEaIYE v et B RAA HHE= |4
Q] wHol m® Ao|7p ] wfRolch 7]&9
GAPDHS} ACTBx= R4 @ glo] #A Adyo=r
S45t7] GAEE 24 7] W2 A REE A
ot guby o QITF FAR WHATA A2E dF
Fe9l ACTG1 3heA7|Y LA BE AEojA =

[e]
& 2] 2ol TERdAE Ald ARt A

7% A= AR AT
371 f13A sHA ZEEE
o2 ERIstofof gitt. o, sh-A7|F
St et 71E RAE A8

B A 1D A”APE 220U AlellA 7t
S o] ol €A AL 4 lojoF ATt 2) o
Aot Al 2o dAsHA T@o] HojoF siH, &
ZAolut Ao t2A HTE e g A
WA= ojof Jtet. 3) 3heA7Y FAARRY S
St g2 220)A FA|Eoof gttt oje} g2 =4
At sh-27138 7R E=ollA s &

L
< 24

=
(o]

iz}

=

or X rlo r|

7t
o
=2
%l

GEO(Gene expression

'Lo'%

o, 3
5 Aol Iy m2nd
Omnibus, http:// www.ncbi.nlm.nih.gov/geo)2}
AltAnalyze ZZI3(http://www.altanalyze.org)Z
Rl &, 5h-A718 FRRAES A5t Aol $4e

9] B2 71F RS HEse ¥ =go] Hrt.

K

A2} 7]
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2.2 Chicken housekeeping genes

2 B2 9% 54 A AL opdFolH 712 A

A Slek. ZRoA §HA Aol 1Y & v
| EESIT A5HQl B0 oo v St



T FolM sheA718 /A AdE 84

Toll &=L UrH33]. of=] AFolA =], &
Y oFA71 AR 84 BI7F BalEo] QX
ok g fRx W Ao 18S(18S  ribosomal
RNA), ACTB ¥ GAPDH §°] ¥I¥sHA A3 glo] At
|1 JtH34]. BolAE EHFelY FAFE E= A
B AR A AR EE AE A5 Mo H4
9] 71ERAAE 27] flo ot {3 2AolA T
A B7I6loF FHHB5L

9] 3ol o AT ztl;:(ﬂ A 2AoA 71EFHR
8% A= RefFinder AZE0] (www.leonxine.com/
referencegene.php)s &4l &, Grtel=2d=<3t
r ZAOA 7R KA SeAv|E RARE

YWHAZ(tyrosine3- monooxygenase/tryptophan5-

2

monooxygenase activation protein zeta) BAE
=3 TBP(TATA box binding protein)+ @i 24
<3 7ol A HAZ AHH] LEES Helow,
RPL32(ribosomal protein L32)x= H&ZolA 4

Table 1. Housekeeping genes of various species

Q FES HATH36]. HEole Aol AARE 9ot
eSS AT T 28 R AlxSE

Z(B2M), BEE EIHA|(RPL32), 7| EHARIZHTBP),
ASHHYWHAZ), A EZAE 32 (SDHA)ZE FE 71&
%ﬁx}g A= Q. o]FolA B2M2 A|Exo] wE
MEZ7 Wol7t A4 5193, SDHAE A|EE24F 3]=0]
A 7]’2‘ A XlXKsuccinate)& AFSHA]7|&= 7] m&o]
A 7k9] @ato|7t EAfsto], HEH & RefFinder
oA AA=SIT B3 H AR A oA EE A2
£ o]&sto] 770 kA7 A FH 5 geNormt
NormFinder £ZE0]9] Z3}Z TBP, GAPDH
r285(28S ribosomal RNA) Z§}o] 7}ﬂ bPHow &
Hste] Ao A 7Y H-3E 71E[HA NER &
A= AH3T7]. B3], H2 Fo] EAfok= 285+ ThE ot
A7 AR HEHolET H2 AXNY AXE &
QUARE AFA AAFE  Hlo]HA(Infectious bursal
disease virus, IBDV)oll A= L7FstA E@HT

S

F

Eﬂ

Gene D ipti Human Pig Chicken Mouse
symbol escription (RefSeq) (RefSeq) (RefSeq) (RefSeq)
HPRTI Hypoxanthine NM_000194 | NM_001032376 NM_204848 NM_013556
phosphoribosyltransferase 1

HMBS Hydroxymethylbilane synthase NM_000190 NM_001097412 XM_417846 NM_013551

Gappy | Clyceraldehyde-3-phosphate NM_002046 | NM_001206359 NM_204305 NM_001289726
dehydrogenase

PGK1 Phosphoglycerate kinase 1 NM_000291 NM_001099932 NM_204985 NM_008828

B2M beta-2-microglobulin NM_004048 NM_213978 NM_001001750 NM_009735
Tyrosine 3-monooxygenase

YWHAZ /tryptophan 5-monooxygenase NM_003406 NM_001315726 NM_001031343 NM_011740
activation protein zeta

SDHA Succinate dehydrogenase complex NM_004168 | XM_021076930 NM_001277398 NM_023281
flavoprotein subunit A

TBP TATA box binding protein NM_003194 XM_021085483 NM_205103 NM_013684

GUSB Glucuronidase-beta NM_000181 NM_001123121 NM_001039316 NM_010368

RPL13 Ribosomal protein L13 NM_000977 NM_001243345 NM_204999 NM_016738

RPL19 Ribosomal protein L19 NM_000981 XM_003131509 NM_001030929 NM_009078

TFRC Transferrin receptor NM_003234 NM_214001 NM_205256 NM_011638

VIM Vimentin NM_003380 XM_005668106 NM_001048076 NM_011701

ABLI ABL proto-oncogene 1, non-receptor |y g05157 | XM_005660525 | XM_015279734 | NM_001112703
tyrosine kinase

ALB Albumin NM_000477 NM_001005208 NM_205261 NM_009654

EEFlA] | Dukarotic translation elongation NM_001402 | NM_001097418 | NM_001321516 NM_010106
factor 1 alpha 1

ACTB Actin, beta NM_001101 XM_003124280 NM_205518 NM_007393

Reference: W=F=HAYEZsHYHAE (National center for biotechnology information, NCBI)

421



el

R

2 A214 A8E, 2020

v B2M#} TBP 594713 f-Ak= /ol §A
=R o=t

99 59 =&t A9 SA Brolierd&9] 7Ht 3%
ZA oAl Normfinder, geNorm ¥ BestKeeper AX
EQoj9] Al 71| £AHE o]-&5to A7 FAAL
o] I PYAE WrlollE ), 1k 3ol A RPL13
I} GAPDH 747t bg4de] &9ttt ACTB9F HMBS
(hydroxy-methylbilane synthase)= & ZZoA &
BH o= QHgAo] &7 wioll 7P HAG 5T
AR AEEQATH3E). olgt At HE B Hjobd
SOt E(chicken embryo fibroblast)ollA] G2 71
AY 2Zmct PgH o R WHS: oheATE FAR}

7} kA trehdeis 28 omjgic

2.3 Pig housekeeping genes

HR = st o2 At fAHA 7Y Wol A+t
7FgolH, A 44 AT Ak 9 A fARE
Aot oF 300071 #H9l(loc)E 7ML Atk =HA=
7ol A g 9t $8% 2EE ARES
o] &3t thFet At R HHgEE e R
TH39L. FAF HFRE A% RT-qPCR WHollA &
A 71E5AA A9 sl =iA9 4 kAT
A2 PgHE ARIYNE @ RPL4(ribosomal
protein L4), PPIA ¥ YWHAZS] f-A% @i olf
A= 9 A=Y ot 2F[FFNA =2 8 B

170
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Table 2. Function of housekeeping genes

dou  B2M, YWHAZ SDHA(succinate
dehydrogenase complex flavoprotein subunit A)
A= AEollA =2 F38S Erh o RiE
GADPHE E= AR HiAolA W2 MgdE Bt
[40]. HAIME= dA4 HSS A 3l GAPDHE
7|ERAXE ARESHATE, GAPDHE AR oA =)
A Jd drdztol7F 2Rt H Bjopid-RobA| ol A
A HEER] 2 TBPE thE AlZY 2 2|(HA]
A 25 5)o1A B2 Id Ho|=E A5t =
FAA| 29} HjopzHdol| A Wo] o] E= E/o]
tt. SulEA= RRL4, HPRT1 (hypoxanthine
phosphoribosyl-transdferase 1), B2M 7|&5%%}
AE+= =A 273 JUn|dE Je2-goAx It
A =} o9t &, RPL27 (ribosomal protein
127)2 9| 2A | H3}st 7|&/-47} o|t}. HPRT1 st
A7 FAAY] AP Q7oA Bol -]l HAIXA,
=570l 9 4ke] 3P4 52 UEhl= FHl4-4EE
(Lesch-Nyhan disease)2 ZA¥sHH41].

jail
=

Q]
=
=
o
A
A

HIx] E5E= 2AE sReATY fARe] Bk &
H(Tongcheng)=iA19]  Hi& AT IH2F oA

H3F3A(H3.3 histone A2} RPS187} 73 2gs1ei,
o] A(Landrace) HAY H#iE HFE L&A
A RPL329} RPS18 f-4AF X3to] 7|&/4A=E Id
obgAS it} =AW 2 34(Yorkshire) H*|2
Z 7oA SDHA, PPIA ¥ HPRT10] H&st3, |

277w

Gene symbol Function
HPRT1 Enzymes in the purine salvage pathway[58]
HMBS Provides instructions for making Hydroxymethylbilane synthase enzymel[18]
GAPDH Enzymes involved in glycolysis[59]
PGK1 Enzymes involved in glycolysis[59]
B2M Component of MHC(major histocompatibility complex) class I molecules[59]
YWHAZ Major regulator of apoptotic pathways[18]
SDHA Helps transfer electrons to the Oxidative phosphorylation pathway[58]
TBP Transcription factor by RNA polymerase[59]
GUSB Provides instructions for producing an A-glucuronidase enzymel[18]
RPL13 As a component of the 60S subunit, it encodes a ribosomal protein[60]
RPL19 Component of the 60S subunit[61]
TFRC Encodes cell surface receptor required for cellular iron uptake[18]
VIM Stabilizing cytoskeletal interaction[62]
ABL1 Activated to stimulate cell proliferation or differentiation, survival or death, migration[63]
ALB Regulation of colloid osmotic pressure, capillary membrane permeability and free radical scavenging[64]
EEF1A1 Translation elongation factor 1-e-1[18]
ACTB Cell cytoskeleton protein[59]
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Fig. 1. Network of the functions of housekeeping
genes. Housekeeping genes are involved in
various metabolic processes in biological
processes, and have essential functions in
cells through molecular functions such as
double-stranded RNA binding and identical
protein binding. Each gene symbol is
explained in the description on the Table 1.
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