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ABSTRACT

This study investigates gene expression changes in Hanwoo liver tissue across early growth stages to understand the molecular
mechanisms underlying liver development and immune functions. Using weighted gene co-expression network analysis (WGCNA),
we analyzed liver samples from 10 days (n = 3), 2 months (n = 10), 6 months (n = 6), and 10 months (n = 10) Hanwoo calves to identify
growth stage-specific gene modules. We identified significant gene expression patterns related to immune responses, metabolic
processes, and extracellular matrix organization, particularly at critical developmental stages. The findings suggest a dynamic shift
in liver functions, particularly immune modulation in early months, as highlighted by the involvement of immune-related hub gene
DOCK2 and enhanced metabolic activity as calves mature. These results contribute to understanding liver-specific development and
may support strategies for improving growth and health in Hanwoo cattle.
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INTRODUCTION

Sh(Hanwoo)= &h= 1L710] B A FE 02 ST} Frjo| A 43 G7HE vrom 3= Ulof| A =2 A3 7Fx] & A A Th(Hur,
Park et al. 2008, Cho, Kim et al. 2010). 3h-¢-2F ZH2- 74=0] ibd 2 A7) el = 874 1 5 2ot thedset A ef 4 Hateh 71 s
AZA o] QIth(Kim, Kim et al. 2013, Reddy, Jeong et al. 2018, Zhang, Xia et al. 2019, Woo, Lee et al. 2024).

74E0] 7] AAkE 237 DAlo A A, A 291, JU AEN, A 271 59 &S O (Irshad, Kandeepan et al. 2013), £5
S 2711 2R/7|ek ol /R71E AU S 2 & At TgollA ol=fet .Rl& + Aol whet A7 Aakrh 24 gkt
(Bruns, Pritchard et al. 2005, Amaral, Mariz et al. 2018). W2hA] 3-2-2] 27| A4 Aol A 2] 842} B miel g ZARSH= 712 AYAHAY
FEE Het Fost A7 E 4= )l on), sheof 2 Uk ol 2gh A= A vh- AgHA :

59 7F 232 HAAARA A S F8ot= T3 7| T g, W ¥h-3 A3 A A/ FAloll 24 7]ofgitt
(Gao, Jeong et al. 2007, Kubes and Jenne 2018). 7Holl= ThFot ] M|z 50] Zafisto] B YA E HA|stal, M vhg-3 7hA] W 2451
H, A% HAol| A E35] 523 J&-S SHh(Wick, Leithauser et al. 2002, Gao, Jeong et al. 2007, Kubes and Jenne 2018). 20|41 2] 7+
7)ol Tet QTS 7ho] Y Al /3ot Alo] BRI 2H|E Fofl AAIY HY whE-2 A Ysks 7|Ho2A JaS +3%
Kol 9l O™ (Peng, Wisse et al. 2016, Kubes and Jenne 2018), NK A|Z 2} ZH2 A4 THS |50 ¥ || the A Hroj A&

o] B+ # Th(Chen, Zeng et al. 2019, Singh, Golla et al. 2019, Heimes, Brodhagen et al. 2020).

Received November 18,2024 Revised December 19, 2024 Accepted December 20, 2024
Copyright © 2024 Journal of Animal Breeding and Genomics.

a This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Transcriptomic Profiling of Growth Stage-Specific Gene Expression in Hanwoo Liver

3R] FH o] Al7]+= 371 Y H 2 2 (Lim, Ahn et al. 2018) ©] A A|7]+= ofn]Q] A& W= X/ 7| 2A W AA ddo] F2
A|7]o]t}. o] A|7]9] f ] E/dah= A7 2 Atol] A 714 Q1 Y= Pl 4= 2 THHulbert and Moisé 2016). ©] 717t 59+ /3
H HAH 2 o5 Aol gk A 3Hd& e, o] o] F ATt AAHol7HA] B2 Bl XM (Hulbert and Moisa 2016), TH&
=04 &91% 8} UK Chavatte-Palmer, Duvaux-Ponter et al. 2001, Lessard, Beaudoin et al. 2012, Albenzio, Santillo et al. 2016, Zhang,
Liu et al. 2020).

2 Ao = e 2 22 & o 2 A% Aol whE AL HEHE AAA o 2 njotstr| flal, 7+EA| HES A 7|RE
o] FRIst BA 7199l 715 HAE 3k Y| EQ) 3 B (Weighted Gene Co-expression Network Analysis, WGCNA)S &5}t
WGCNAT FAAF 2 o’ o] A& AlLtete] RS of2] ZEE Uro], 2|4 2oy Al7|E & Eol4l |4}

£kl
/\O

3

=
52 Aok o AEeh =12 AF2-H Th(Langfelder and Horvath 2008).
A2 ehe-9] 7] /4% BA(MIE 1070 o] H)oll A fRE e Wstol] Tt A= wlf@ Al ojoh. 2 Ao+
109, 271, 671, 10702 2] 3+ 2 4]0l A RNA A| /= aIsto] A% OAE Rt e Wshs 7 22 dhgo] oh&

MS
o T
5 Bl B 710 ekt G

MATERIALS AND METHODS

SAME L FX 55

Sh9-9] 7] A% dAof| mh2 7hxA| o] §AF HARS F9lsty] Qlol, FH S SR She-AAolA ALS FRl AAHE Z
L3t AF 1099 35, 20ET 105, 671ES 6%, 1071 10572] 7Hx2o] MEY QI Age =1 EAtatshy 52419
2P 2 RE SAUTHE R F15: NIAS20201979).

RNA 3= 5! RNA-Seq CI[0]E{ At

AA| - 2950l A] 2T 22 A F= F 7HA] B O 2 Total RNAS <=H|SFI T 21 A 512 Trizol ] = RLT DNase Z ¥
L2 & Zo] W} QlAamp 96 Viral RNA Kt QIAzol Lysis ReagentE AH&-510] RNAE F+E k= "R 0| Tk, = B4 -2 Trizol
H|E o] A X 22 77 DNase 24| RNA L& E-Fo| w2} QlAamp DNA Mini Kit2} QIAzol Lysis Reagents AH8-51] RNAS &
Sz 4] 0] 21T} RNA &%+ NanoDrop ND-1000 233 = |(NanoDrop Technologies, B|=)& AH&-5to] &1513Ict 25 RNA
= TapeStation RNA Screen Tapes =31 RNA 2 T2 (RNA QO)E 43519 o1, 7|&2 5= (&%) > 0.5 ug, RINs 7t > 6, 12|11
tRNA H|& > 10|21t} RNAS] EA 3} B4 d-2 bioanalyzer (Agilent, Santa Clara, 0] =& A2-5F0] 37151 31, RIN 4Ho] 8.0 0732l
A Z0t cDNA 2ho| B 2] 2] | Zto]] AF&-5F3i . 7HE 2Ho] B 21 2] = Illumina TruSeq™ RNA A& ZH] 7] E(Illumina, San Diego, CA, 1]
)5 ARESko] A= QT B AZ-2 [llumina NovaSeq 6000 Al @A ol A A A)-S 4-385}0], AE o 34 6 Gb, 100bp paired-end
reads Tf| o B} & AJ/J 53T

HIoJE] TA{2|

RNA & & g5 29719] AJH4 dlojefo] tis] &2 #2](Quality Control) S 3 Jch A|FA] tlo]El] 24 ]
Trimmomatic (v0.39) (Bolger, Lohse et al. 2014) paired-end modeE AF25tal, Ol E] A AHE 3l TruSeq3-PE oJHE otU S F=x
O, seedmis-match threshold 2, palindrome clip threshold 30, simple clip threshold 1022 A#5}Th F7} 3412 2 LEADING 3,
TRAILING 3, SLIDINGWINDOW 4:15, MINLEN 362 & A7 5to] Eg|®)2 %85It o] &, HISAT2 (Kim, Langmead et al. 2015)
£ A}85F0] ARS-UCD 1.3 Bos taurus 2= -3l A€ HH-S 34513 2™, SAMtools (Li, Handsaker et al. 2009)S- ©]-8-5f BAM
Ao 2 HEksl 1 A Hsto] HF i wtY-S AUt ujgH dlo] el featureCounts (Liao, Smyth et al. 2014)5 AF&-5Fo] -F-7412} o

% e
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Zh xZ]o| JF B 50| RHXt 2=

2 2A 9] g2 I TRl o] AN 71E 08 §AAHE BEstel] Yol A 7H2E dlolE & ZH 3% gAle] 1F 22 b
ol &) 297H(10¥: 3, 27H€: 10, 67H€: 6, 1071 10)5 AFE3FITH WGCNA EA 0| A= 2971 7F 2] HA) ME 5 2F 80%<] 2] 4 24
7He] AZol|A] 2 & 15709 2| E 72 ETF SEE 7] k2 {ARbE ALl E2 72 E T o] El= R(lhaka and Gentleman 1996)
1 7] |91 DESeq2(Love, Huber et al. 2014)2] vst (Variance Stabilizing Transformations)3H=2 #AF QP S BHAZF of| o] E| 2 ¥ Els}
Act. o] 5 DESeq29] plotPCA == 3T 715 PCA plote 12jA] W ek sfjd 0 = A s] 1F3E 1 Q=] AP Zlskd
T}. Variance Stabilizing Transformations= HeHel "7 | o] E] & E-8-510] power valueE 162 & A74J5}0] WGCNA 33 U ESL
3E FEITE. 75% (merge cut height = 0.25)2] T FdS Hol= FAAES stte] HE(15) 2 & A3t 7t ZEol| thsl

WGCNA2] chooseTopHubInEachModule $H-2 B W AZdo] 7H &2 5B f4ZH ()5 &R15t et A% Tt w83t

Pearson /g3 2A-& ~3f5to] /g%

7] Sol f412 BES Blsigic

348 280 cist Functional enrichment=4]

> HERIT U 167] ZEoll thall R 37]A] Q1 clusterProfiler (Yu, Wang et al. 2012)E AH-8-6+] KEGG pathway (Kanehisa and
Goto 2000) 4] 2! Gene Ontology (GO) (Ashburner, Ball et al. 2000) 5+2] 3712] Z}El|21.8] Q1 Biological Process (BP), Molecular Function
(MF), Cellular Component (CC) Z}2}ol] thet 7]5

F33491c,

RESULTS AND DISCUSSION

Co]E] TA{2| S OHY

Sato] 9] 7 2ol

/\6] Zo}-

Aol Azl fofat 42 752

Table 10]|A] H= vfe} ZHo], T 34,302,546 T2} 4,936,840 reads2] TrimmomaticS AFHR-3F =2 2] A3} o 33,476,989

reads= AF&3} 2 91 91T} I3 Hisat2 S

o]- g3t MY M A} B 98.03%2] Overall Alignment Rate2 H % Ch(Table 2).

Table 1. Summary Statistics of Quality control of sequenced reads Results for 149 Samples

Metric Mean Standard Deviation Minimum Maximum
Input Read Pairs 34,302,546 4,936,840 24,571,802 44,648,361
Both Surviving 33,476,989 4,712,787 24,113,899 43,552,455
Forward Only Surviving 628,848 271,455 260,101 1,466,750
Reverse Only Surviving 160,279 32,325 90,097 235,493
Dropped 36,429 8,347 17,093 81,306
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Table 2. Summary Statistics of Alignment Results

Metric Mean Standard Deviation Minimum Maximum
Total Reads 33,476,989 4,712,787 24,113,899 43,552,455
Paired Reads 33,476,989 4,712,787 24,113,899 43,552,455
Concordantly 0 Times 1,943,589 716,977 731,606 4,591,173
Concordantly Exactly 1 Time 30,408,928 4,754,846 21,919,715 40,336,839
Concordantly >1 Times 1,124,471 421,672 417,964 3,034,218
Discordantly 1 Time 634,570 388,167 72,844 2,052,188
Pairs Aligned 0 Times 1,309,018 493,915 550,470 3,430,268
Mates Aligned 0 Times 1,309,018 493,915 550,470 3,430,268
Mates Aligned Exactly 1 Time 1,063,169 385,895 459,938 2,390,620
Mates Aligned >1 Times 243910 104,171 80,564 652,306
Overall Alignment Rate 98.03 1.26 92.26 99.35

2 xElo| Brel QAR HIEST 74 U B IS} ATTho| MTIRA A

TAHARN A AT E7] oA, 2 Ae] BE 73X k2 AS olaiEd ert jlon, 53], 10¥7 9] B¢ HE 471302

-2k B 2 3k ZAato] AlZ]Adol tigh S-=et 17} H 5 ve]+= Hlo|t}.

A 2071 AE Z 2 4 80%<] 2471 0] AF2] Al Z o] A] EZ} 5 0]gkl 7 2k= Al €Jste 36,075709] 5747 5 15,16174

9] {27} Aol AFEE ALY 15,1617 532t ] A} geAol mh2 R e 2bo) 7t EstAl L

EFtTh(Figure 1). E=9F WGCNA #4902 /g7 A Ua o/ 3-AHdoll whet Table 39+ 20] 16719] 38 150 =2 ERE QI

ZF 72t 8 R E(OE) T A BAREE 109, 2,6, 1070€)] A3 B4 Auh R 20| FiHd mEo] B AL 7|& Y|
184 Q= 109, 270 1 SRE7 |2k & 4= Qli= 6, 107 ol A] ARt /d 23S B I Ch(Figure 2). I EZ O 2 yellow

= “ L
-0.839] 75t o] Agoll A 1071 L8 2} 0.642] 75t o] AFFHo 2 WSS Belg 4

Principal Components Plot

by Conditions
i °
10-
g R
-g m = A Condition
2 L o= o 2
% T~ n @ T
o o- A -+ 10
O
o
[ A
T A
-10 -
A A ,
20 0 20 40

PC1: 34% variance
Figure 1. PCA plot of gene expression levels in Hanwoo liver tissue by age. 10d: 10 days old, 2: 2 months old, 6: 6
months old, 10: 10 months old
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Table 3. Number of genes in each module with hub genes

Module Number of Genes Hub Gene (Ensembl ID, Gene Name)
turquoise 950 ENSBTAG00000037400, TNRC18
blue 875 ENSBTAG00000011096, ERGIC2
brown 517 ENSBTAG00000011076, KCNN2
yellow 302 ENSBTAG00000021466, COL3A1
green 245 ENSBTAG00000003229, RPL23
red 219 ENSBTAG00000020166, ZNEX1
black 76 ENSBTAG00000016562, SEC63
pink 62 ENSBTAG00000007930, NCOA6
magenta 53 ENSBTAG00000007860, ASPM
purple 39 ENSBTAG00000016174,
greenyellow 31 ENSBTAG00000043577, MT-ND4
tan 26 ENSBTAG00000066025,
salmon 24 ENSBTAG00000014612, DOCK2
cyan 23 ENSBTAG00000011839, HMGCS1
lightcyan 21 ENSBTAG00000020446, THOP1
midnightblue 21 ENSBTAG00000061067, Metazoa_SRP
grey 11,677 N/A
purple - -0.06 2001 015 0,08 08
pink - -0.1 0.38* -0.08 -0.25
greenyellow - 0.07 -0.08 0.33 08
salmon - 0.07 -0.35
cyan - 032 037* 0.01 o
brown - -0.22 0.13 -
r02
lightcyan — -0.43* 041 048"
blue — -0.34 -04* 0.39* 0.28
r0.0
black — -0.26 -0.33 042* 0.14
midnightblue - _ -0.02 -0.02 0.36
r-02
green - -0.03 -0.13 0.39° -0.18
yellow - 039" -0.14 _

magenta -
red

tan -

turquoise

0.47*

037

0.26

-0.31

-0.33

-0.26

L-04

T
10d

Figure 2. Correlation matrix heatmap illustrating gene expression correlations in liver tissue across growth
stages (10d: 10 days old, 2: 2 months, 6: 6 months, 10: 10 months). Colors indicate the strength and direction of
correlation, with red representing positive and blue negative correlations. Asterisks within cells denote significance
levels: *p < 0.05, **p < 0.01, ***p < 0.001.
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ot 75 24 A1} Table 49} 22 Terme &21& 4~ A2t} Huse, Gruppuso et al. (2015)2 AFE2] Efjo} 4! /g
Q19] Zhol| thah HARA] & A At 4 R12] Thol| A &&tol] 3t 7] 550 A2 B3t o 7]olli= Cytochrome P450 enzymes, 4*
SHES 7|55 Hol= f32F Aol =t o= & A2 7H uA|9t g% ©AIR! 10719 §ol §-4AF 2E(brown,

r=0.64)2] 7|5 24 A3} Metabolism of xenobiotics by cytochrome P450 (KEGG: bta00980, adjusted p-value = 1.46378E-07)2} -F-AFSH
2 &RIg 4= Q3ltt. o]= Thomas, Guigneaux et al. (2002)°] Lol & 2} AFgre] Ttol| A ERISE 2 159 7|5 A 23t ot
A x]5t= 20| ATt Cytochrome P450 enzymest= 2J2ff 24 F-UA| tiAF = &9l Hl2] vjEo] &o|oteS o= 7|55 S
E35| Z4E2 vjZo] 7]ojeh= 7 o2 4] QITHManikandan and Nagini 2018). Hart, Cui et al. (2009)% 2] %ol w2 7+
9] Cytochrome P450 & GHZFE9] Wl sfel-S Yol = Lo A] Cypla2, 2a4, 22, 2b10, 2¢29, 2d22, 3al3, 3a252] G-HA}E0]
7t 4% CF A Z 20 o] &)glof| e} o] soju= S ERISHITE brown &2 71 2]0]| ' Organic acid metabolic process
(GO:0006082, adjusted p-value = 3.29755E-19), Oxoacid metabolic process (GO:0043436, adjusted p-value = 6.5148E-15), Carboxylic acid
metabolic process (GO:0019752 adjusted p-value = 1.75359E-14) 58] thAl T 7]-5-50] 5 0| F AT} Wang, Wang et al. (2022)9] &
ol A brown 2E29] 51 E 5 A1 KCNN2 (potassium calcium-activated channel subfamily N member 2)7} viral, alcoholic, 12| 1. non-
alcoholic hepatic fibrosisCl| A X5 72| 0| 51HA| W &)= 7=k o] Bls] %t o] Aol A= All 7FA] 58 9] hepatic fibrosisCl| A]
A2} 2 H|o] S vl ZAIRE A3 KCNN27H Al 49 R0l A S8 Bl oS Hlon, ohd-ohild Ao 28 24 o
M A 9l AErS 3= A0 2 LG o] S HFERO 2 KCNN2+ hepatic fibrosis?t T S B G- 422 A A= STt

2 Ao - AT 7] BAIRI 1097 7F 23] Eo] §HAF EE(yellow, r = 0.69)] 7|5 4] A3}t extracellular matrix
organization (GO:0030198, adjusted p-value = 3.4721E-05), external encapsulating structure organization (GO:0045229, adjusted p-value =
3.4721E-05), extracellular structure organization (GO:0043062, adjusted p-value = 3.4721E-05), external encapsulating structure (GO:0030312,
adjusted p-value = 1.9041E-11), extracellular matrix (GO:0031012, adjusted p-value = 1.9041E-11) 5-2] ECM (Extracellular Matrix) ¥
7]5-°] 2 UEFITE Amenta and Harrison (1997)- Hepatic Ontogenesis 273 0ll4] ECMo] 724, 7| 540 2 fj-¢- F 3 &S
shthal 51Qic) o] =E9] &2 g4}l cOL3A1°] T8 Kuivaniemi and Tromp (2019)& ECMQ] 2 THl A 22 4], Fol 271 4y
oA Dazto] LG} FA A|FollM S35 Al A e Fhkal iU Liu, Tearle et al. (2021)7F 271A] 4 oFE(Bos
taurus taurus, Bos taurus indicus) & ©] 2] wHl o}F-2] YAl F-7] Elfjor oAz 22 (], 7F, H], &5, Efgholl tish 25 T f-d =}
A4 A3 CoL3A10] Be A 0M 2 oo 2 HE = 22 BEF.

27§ €& Eo] f-73&} BE(salmon, r = 0.63) Positive regulation of immune system process (GO:0002684, adjusted p-value =
0.001445519), Immunoglobulin mediated immune response (GO:0016064, adjusted p-value = 0.001445519), B cell mediated immunity
(GO:0019724, adjusted p-value = 0.001445519), Positive regulation of T cell activation (GO:0050870, adjusted p-value = 0.001445519),
MHC protein complex (GO:0042611, adjusted p-value = 0.003732449) 5-2] ] A 7]50] F5 o] FIt} she-= UrHbE o = 374e
Foll ol-f-5 AlZtshz 2oz A UTHLim, Ahn et al. 2018). ©1f+ 2|1 2712 Th2Z|of|A T Pl FAEo] Eol4 2o
= ARAE 212 o] Al7] '] HA /el 7ho] L3 o e-2 & 2= AIARRIT. Bailey, Haverson et al. (2005)2 o1& 5-2°ll7] 2
o] o] 3-7]& WY AA FAoll 3 A71YS E5] 2L Utk DOCK2 3732 Q17toll A T M9 o] 531} EH/dstol| F a3 st
& Sh= obd w2 QIAFZA, thefet e A R2oj|A] Rac T A S B/dS}sto] Al o] 52 FXstal M Hh-g-5 2= 7|5
o] R1Th(Chen, Meng et al. 2018). Dock2" F A&lof|A] 7+ 2] 9] Natural Killer T cell 7} -7-2]0]5HA] 4% 1 thKunisaki, Tanaka et
al. 2006). 2=l A= DOCK2 -§AF7} g7 7] Zboi| A o Hh-Gar} Ak fixbz Bhe{A] 2] dgton, 3h-0) g7 27] 7 24
o] Ho] gh-Zof| ATE k= AQbstarat gt ofofl tigh A Q1 A 7] 52 g sk] /g F7F A7 B e g Zloj.
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Table 4. Functional analysis results for each of the 16 modules. Up to 5 terms were selected based on the lowest
p-adjusted values (< 0.05). (continued)

ID Description GeneRatio BgRatio p-adjust Module
GO:0010494 cytoplasmic stress granule 3/52 20014787 0.004124 black
GO:0036464 cytoplasmic ribonucleoprotein granule 4/52 87/14787 0.009663 black
GO:0035770 ribonucleoprotein granule 4/52 93/14787 0.009663 black
GO:0006888 endoplasmic reticulum to Golgi vesicle-mediated transport 28/619 89/15517 591E-15 blue
G0:0048193 Golgi vesicle transport 36/619 172/15517 1.14E-13 blue
G0:0031984 organelle subcompartment 57/627 400/14787 1.79E-13 blue
GO:0005794 Golgi apparatus 56/627 457/14787 1.12E-10 blue
GO:0098827 endoplasmic reticulum subcompartment 43/627 295/14787 1.24E-10 blue
GO:0006082 organic acid metabolic process 50/350 422/15517 3.3E-19 brown
GO:0043436 oxoacid metabolic process 43/350 399/15517 6.51F-15 brown
GO:0019752 carboxylic acid metabolic process 42/350 395/15517 1.75E-14 brown
G0:0004497 monooxygenase activity 22/393 118/15934 4.87E-11 brown
GO:0016705 oxidoreductase activity, acting on paired donors, with incorporation 25/393 17115934 1.61E-10 brown
or reduction of molecular oxygen
bta00100 Steroid biosynthesis 8/18 20/9770 9.3E-17 cyan
GO:0008610 lipid biosynthetic process 11/16 281/15517 2.14E-14 cyan
G0:0006720 isoprenoid metabolic process 7/16 37/15517 1.27E-13 cyan
GO:0008299 isoprenoid biosynthetic process 6/16 18/15517 2.23E-13 cyan
G0:0016126 sterol biosynthetic process 6/16 19/15517 2.23E-13 cyan
GO:0003735 structural constituent of ribosome 70/190 239/15934 1.79E-78 green
bta03010 Ribosome 701176 202/9770 8.24E-73 green
GO:0005840 ribosome 71/232 253/14787 1.24E-68 green
GO:0006412 translation 74/195 417/15517 2.64E-63 green
GO:0043043 peptide biosynthetic process 74/195 423/15517 4.03E-63 green
bta00190 Oxidative phosphorylation 12/20 165/9770 1.33E-15 greenyellow
bta05415 Diabetic cardiomyopathy 12/20 234/9770 4.72E-14 greenyellow
bta05016 Huntington disease 13/20 340/9770 6F-14 greenyellow
bta04714 Thermogenesis 12/20 261/9770 7.75E-14 greenyellow
bta05208 Chemical carcinogenesis - reactive oxygen species 12/20 263/9770 7.75E-14 greenyellow
bta04216 Ferroptosis 2m 49/9770 0.03713 lightcyan
bta01212 Fatty acid metabolism 2m 59/9770 0.03713 lightcyan
GO0:0022402 cell cycle process 27/44 442/15517 1.05E-28 magenta
GO0:0000278 mitotic cell cycle 24/44 309/15517 1.06E-27 magenta
G011903047 mitotic cell cycle process 22/44 230/15517 3.06E-27 magenta
G0:0007059 chromosome segregation 17/44 149/15517 7.57E-22 magenta
GO:0098813 nuclear chromosome segregation 15/44 107/15517 1.49E-20 magenta
bta03008 Ribosome biogenesis in eukaryotes 171 100/9770 0.010235  midnightblue
GO:0051254 positive regulation of RNA metabolic process 13/48 339/15517 4.8E-09 pink
GO:0045935 positive regulation of nucleobase-containing compound metabolic 13/48 369/15517 6.91E-09 pink
process
GO:0045893 positive regulation of DNA-templated transcription 11/48 280/15517 4.09E-08 pink
G0O:1902680 positive regulation of RNA biosynthetic process 11/48 280/15517 4.09E-08 pink
GO:0010557 positive regulation of macromolecule biosynthetic process 12/48 422/15517 1.71E-07 pink
GO:0033044 regulation of chromosome organization 4/27 40/15517 0.000183 purple
GO:0005654 nucleoplasm 7/29 393/14787 0.000527 purple
G0:0000723 telomere maintenance 3/27 3715517 0.003641 purple
G0:0032200 telomere organization 3/27 38/15517 0.003641 purple
GO:0006278 RNA-templated DNA biosynthetic process 2/27 10/15517 0.007467 purple
Journal of Animal Breeding and Genomics 203



Transcriptomic Profiling of Growth Stage-Specific Gene Expression in Hanwoo Liver

Table 4. Functional analysis results for each of the 16 modules. Up to 5 terms were selected based on the lowest
p-adjusted values (< 0.05).

ID Description GeneRatio BgRatio p-adjust Module
GO0:0009615 response to virus 20/151 50/15517 4.5E-25 red
GO:0051607 defense response to virus 18/151 47/15517 3E-22 red
GO:0140546 defense response to symbiont 29/151 269/15517 7.33E-20 red
GO0:0043207 response to external biotic stimulus 32/151 361/15517 1.02E-19 red
G0:0051707 response to other organism 32/151 361/15517 1.02E-19 red
bta05416 Viral myocarditis 4/14 83/9770 0.000519 salmon
bta04015 Rapl signaling pathway 514 216/9770 0.000519 salmon
bta04670 Leukocyte transendothelial migration 414 118/9770 0.000744 salmon
GO:0007264 small GTPase-mediated signal transduction 5/21 231/15517 0.001446 salmon
GO:0002684 positive regulation of immune system process 5/21 291/15517 0.001446 salmon
GO:0004896 cytokine receptor activity 3/16 83/15934 0.002689 tan
bta04630 JAK-STAT signaling pathway 4110 218/9770 0.002871 tan
GO:0140375 immune receptor activity 3/16 109/15934 0.003023 tan
bta04380 Osteoclast differentiation 3/10 152/9770 0.012881 tan
bta05160 Hepatitis C 3/10 182/9770 0.014551 tan
GO0:0030674 protein-macromolecule adaptor activity 51/754 360/15934 9.54E-10 turquoise
GO:0060090 molecular adaptor activity 52/754 405/15934 1.26E-08 turquoise
G0:0003712 transcription coregulator activity 36/754 245/15934 2.23E-07 turquoise
GO:0051254 positive regulation of RNA metabolic process 41/710 339/15517 1.01E-05 turquoise
GO:0045893 positive regulation of DNA-templated transcription 36/710 280/15517 1.01E-05 turquoise
G0:0005201 extracellular matrix structural constituent 14/238 34/15934 6.39E-15 vellow
bta04820 Cytoskeleton in muscle cells 25/155 232/9770 51E-12 yellow
GO:0030312 external encapsulating structure 20/195 178/14787 1.9E-11 yellow
GO:0031012 extracellular matrix 20/195 178/14787 1.9E-11 yellow
bta04512 ECM-receptor interaction 16/155 89/9770 5.75E-11 yellow

CONCLUSION
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