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ABSTRACT

Studies have shown that consumers prioritize meat color, an easily evaluated trait, when selecting meat products. However, meat
color traits are only observable post-slaughter, making them difficult to target for selective breeding. Therefore, this study aimed
to identify potential candidate genes associated with pork meat color traits by conducting a transcriptome analysis on carcasses,
measuring L*, a*, and b* values of meat color, and extracting differentially expressed genes (DEGs). Notably, previously reported
candidate genes associated with meat color were not identified in this study, but the Gene Ontology (GO) analysis provided insights
into functional information potentially linked to meat color. The limitations in detecting direct candidate genes for meat color
may be attributed to challenges in meat sampling and the constraints of blood sample collection. This study suggests the need
for comparative research between meat and blood, as similar functional genes could be identified in blood, and correlations with
postmortem processes, such as rigor mortis, could be confirmed in future meat color studies.
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INTRODUCTION

S B4 ARG Y] w3t A7) E Ao =R B N 71sdt A7 |E 5o EEeHHA FEatd el A= oISl
SEA|RE 2] Fo] AHZFE2 Al59| 7HA & FQ5kA R 1EA, X% £
A3} 7ol Ao Al AL = A 7g o th(Kang et al., 2024). |23t §/44& et FEAY E S48 EAdS 6 Bl EE A6t 2
Aok AdsFet BAs7] fIet EP%H 4 71E2 7NEdskal ok
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A A 17|17 AT, o] S nfEES 34 13 Q4R Melskal QITkSimunovié et al., 2024). FFEO A& 2 AE =2 LR
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=
o] ¥al H2 AlE Al estal Aol A=A 25
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o] A= AF2 Aoshs tgo] HAlE U th(Ko etal., 2023). o] 22t 5-Aof| thgh A
SEE HEANEE Wk VIR0 R, IE A BE s REgR AT 55 7|dicshs A2 E-85 = U&E0] Bisd
Ak
Received September 25,2024 Revised December 17,2024 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.


mailto:jungwoo@kangwon.ac.kr
mailto:dwseo@tntresearch.co.kr

Transcriptome analysis for DEG profiling related to meat color in pigs

ZFE7NEll olA] AH)Ate] A 57 A 0 7 mlolsA] AH|2ke] @tof tigth Al go] 3ol sty uEof Ak A
D7t &2 S0l thet 7R whe 28] B astet 7HA| whE NS oA 7 e FERHAE ST s v = AT
o 8% B2 oz Rz niF| AE AFE Sl YA HZols A HEE 013?} AL 7Fs517] whzel ni o) =
o] glo] = w2 7o) 7HsSThMiar et al., 2015). SFAIPH G4 AR 2)-85H= 3ol = 8=} np# Hhzo] H3dol=] 1, 3

Sinte] Y Yele] vl HEEY R kel HEAE AZH O R M2 A% 2 Aol 458 4 ek
XA B2 34 HA 2] 7] |47 Foll BHF 2 Afolo]] Y2 & & Ue A EH e /2 Flsto] Y At
olo]] 7]Ql5h= ARIFAAE Wash=t| Bot w2 HIE 4~ Ue B3-S 7HA 2L lThSarup et al, 2011). & 2H5 2 FAA}
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Efol| A 5714l Holof| thot AT RS mfysichd Bohwi2y 8202 S H QXS Hhsh 4 9l =By o] E 4= Qi)
uEba] & Aol A= g AH|AFES] AlS AEle] 11 7|Eo] Hl= SM40] thgt fAME 2L o] & R34 Aol &8 4
l= S EHo| 2 &85 4 Q)= FH P2 AT Y 7| oFd (Quantitative Trait Nucleotide; QTN)= st AL 2 AGLE 43513
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MATERIALS AND METHODS
SAMSE ARNAFE

Bix12] %4 Ho) T AR 2AS 919 IR E FESMoIA £3E B9 HOIL Aol RNA F30 B8
RNA &2 QIAzol® Lysis Reagent2} RNeasy® Mini Kit (QIAGEN, Germany)E- ©]- &3 A] A| &AL v A& alste] 220 &8
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i‘

o x
M-

B 183 H2| 7] Al 7] SACIH AT 1712 £ T Wi AlelollA] 24 2447 AR T 270] ARealt 1
7] §4 222 95 Fhg A7 CR400S ALSFHA AIBE AlLolA 3087 ¥]3t 14 Lxo] 17] RS vl o) 2
o) QL2 28Itk MAAE HA 7] Al Erol] 4402 T 7F AR Lo, b 4ES 735 ZAalo] Bghe 712 gen
24 92| AR 3 B RN 2L, A 28 o] 13 BHEX 9L 9AE 7123k ZHE S HREL 2 b

S

o] ztolof bz} 18-S HAIA T, 15 A A E = Table 101 H|A] ElojQlct

RNA Sequencing % DEG Profiling

ZZ % Total RNA 5=+ Quant-IT RiboGreen(Invitrogen, #R 11490)= AF8-5F0] 27 =] ATk Total RNAL] E2-& H71517] 9J5) Ad
Z-2 TapeStation RNA screentape(Agilent, #5067-5576)0l1 4] A1 = 213 RNA Library 7432 $J3l] RIN (RNA Integrity Number) %] 7.0
o421 28 710) RNAZHAHE S gic

Z} 28 Z0]| T3l 1uge] Total RNAZ &4 Q1 2] 2f 2] 7} £H]517] 9] 8 Tllumina TruSeq Stranded mRNA Sample Prep Kit(Illumina,
Inc., San Diego, CA, USA, #20020595)% /\]- et Ao A HA| A= poly - T7F E2HE 2 H|EE ARESHY poly - A7}
Z5E mRNA BAFE AA|s) 27} Yol 3} =2 2 & sloj|A] 2he 27+o & Baj|g] i) Atk RNA 2212 SuperSeript 1T & AA}
G A (Invitrogen, #18064014)2t S IL2to|HE ALEsto] A HA| 71H2] cDNAZ E-AFSH Z DNA Polymerase I, RNase H 2! dUTPS
X310 5 ¥l 7Fete] cDNA B4 4-8delSic ol2ieh cDNA 27152 W 87 31, kel ' 917 271, 2213 of e 912
1S 714 2 cDNA 2fo| B2{2| & A44d517] 2fsl PCRZ F-Z3Th
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ZH|¥ 2}o] H2{2]= KAPA Library Quantification 7] ES AH&310] Tllumina AlEA] ZeAE 0| tisl] gPCR A ZZEF 7jo|=
(KAPA BIOSYSTEMS, #KK4854)°1| twh2} A 7F5131 31, TapeStation D1000 ScreenTape(Agilent Technologies, #5067-5582) 5 A-8-510] &
25 753t a4 H 2ko] B2{ 2] = Illumina NovaSeq(Illumina, Inc., San Diego, CA, USA)Z Paired end (2 X 100 bp) A/ o
= readS ZHEJTH

Data Processing and Analysis

21 H paired-end readv 492 A1Z5H7] %10 Trimmomatic v0.38S AFHE-5H0] o HE] LS A|ASI B4 0] ¥ J7&= Al
7383 2] ¥ read= HISAT v2.1.02 AF8-51] Sus scrofa(Sscrofal1.1) F2A Aol alignmentS 435 THKim et al., 2015). &=
A MY} 512 F4 dlo]El+= ZH2F NCBI Genome assembly2} NCBI RefSeq G| o] E{H|o] A0f|A] T2 EE| Sl HHH d|o]
E](SAM T+ & A])= SAMtools v1.95 ARE35lo] & 9 AQISE & StringTie v2.1.3b (Pertea et al., 2016, 2015)5 AF&-5}0] A S
mapping5tal FPKM(Fragments Per Kilobase of transcript per Million mapped reads) 2 TPM(Transcripts Per Million) 22 ZAFA] 422
g3} ek

Differential Gene Expression Analysis

25 g AR} 9 9 HZKDEG)O] that B4 248 DESeq2 v1.38.38 AFE3to] 28 = 9T} (Love et al., 2014). QC THAlo A= =
£ 4204 00] ohd HLE S 171 GRS AEIha 43 7 9 G4 S1915H7] 918 PCAGRA B BA) S Srelsic). =
| tlo|E] ME&= ME 7t eto]Beg] 37]9] xlo]E E75}7] $J5 RLE Normalization (Relative Log Expressionye 435+
o} 25 2 §2ke] SAIA 7-2]/d-2 DESeq2 nbinom WaldTest= 2915}, Fold change®} p-valuet= WaldTest 222 2?1531 T
(Love et al., 2014). == p-valuer= false discovery rate(FDR)Z A|15}7] €]l Benjamini-Hochberg &12] &0 2 B3t f-o]n|gk
FHAR} E2-2 [fold change>2 & raw p-value < 0.052] 7|22 HE|YE| AL, Gene enrichment@} 7|5 F+4] 2412 gProfilers AH&-
5104 GO(Gene Ontology) Hl|oEJH|o] A5 th/d 0 2 43 =] I T} (Raudvere et al., 2019). gProfiler 2ol A B 1H 2 H p-valuer T
Z: hypergeometric testl] 4] T34 31 Benjamini-Hochberg ' 0 =2 B Y| Qlct, 2|5 2 G 20| Tt 2.-& djo]&] 24 2 A|Z}3}
+ R 4.2 2(www.r-project.org) = AF-8-5F0] 3| ATt

SAH AZof| st MXFA|(CIE) 27 A, ZF 15 7H] L*, a*, b* ZhollA] §-oJn] et xto] 7} &1 %] ATk Table 1, Figure 1). G1/
G2 59 L* Zh2 F| 4 39.89001 4] 2o} 52,9602 LFEF O M, T1F 7F ot &fol= oF 9= SRIE|QITh G3/G4 152 a* g2 H 4
15. 2601]/\1 AEH 20.952, 15 7F B ZFol&= 3.852 UEFHAL, G5/G6 b* Zh2 24 4.379014 Zdf 10212 ER1E|lom, 4 2fo]
159 Zfolof tigt THA A}, 5% f-ofn|gh xto| 7k Qle Ao 2 SRIE|}lon oS vigo g & 7t

MAMEl MARK| sequencing read2| QC

AYAHE raw read count= 117§ A1 E 7Fe] A& B] W B4 S 8-0]51A 517] 95l Logarithm ¥ 2 X! rlog(Regularized Logarithm) FHEHS-
5olf oo g 9] F4hE QF 3 FUTH(Supp. Figure 1). 2 A1E0l| Tt rlog ¥2H 215 o850 ME 7He] fAM H =g wof&
22 BASH AT} P 7 098-12] SAMS Sol5th Hlo|E] HetE Ed) & 2823271 SAAle] W AR E FESY T, o] &
of| A read count”} 022 EH1E]= 14210712] S-AAF LA B 2| AL & 14,0227 G4} W A 22 55519 ChFigure 2B).
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o3 AAF A B PCA 4

=] 2] kot Th(Figure 2A).

SMof| it XFS'e#H RTXHDEG) 24

E3l ST YR 2pol & =4S AL, T A Y} T 7ke) FEI% Apo] B outlier=

ol ok
o
o

ro,

1402270 2544 G-} ol A 2 ZHS FC(Fold Change)2 H12H5HA up-, down- 2 §-AAE2 vl et 23t G1/G2(L*)2
H] WO A= 95/53(up-, down-)7H, G3/G4(a*) B O A= 468/1957H, G5/G6(b*) B] Ol A= 89/64707t ZH2t ER1=] Qict. ERlH A5
A 54} FollA] p-value (0.05)E S5 FAAES THAl ZEHEP S 32 W GU/G2E 66/3271, G3/G4+ 429/1587H, G5/G6
+ 42427112 2E ERIEE AE & 4 AATHFigure 3A). TLEH| w0l M= G3/G47} 7HE B2 &b HARAAE AES 4 Slof
A redness(a*)0ll Y= F= AR LA 7Hs/do] =2 AS RIS A5 fAAEE o] 864 2t 1 Hla FEE
volcano plot 213 et 23} Figure 32] B~De} 20| HaEl = |AAE &g 4= 31}

Z} v] ol tiaf A kel M-S, AP two-way hierarchical clustering®]] THSF heatmapt Al5-4~ Aol tiaf A= 7+ 1-50]
T o2 AR wjdo] Uehts A2 SIS 4 AU THFigure 4). 55, redness B A3 BR1H G3/G49] TLEH]| ol A
5603, 5709 A E-2 22 G3 15 SollA & 215 o2 |42 I sfjel o] P w =t o] FAHE-2 G3 L& FollA] a* gfo] 7P &
2 = 7hA|o) AEQ! 20 2 291 E th(Figure 4B).

&1 20709] significant DEGE ZHI31-S wf, L*, b*ol| thalj A= 2+2} 7]-5-0] LA ] 22 -7 2F L long noncoding RNA(IncRNA),
pseudogene S°| ERIE= A2 & 4 AT, 25 F27F 7S o] AEH a*of| tislA]= LOC102160213S A| 2|3 H] 4]

7]5-0] &% protein_coding gene 5°| &1 % A THTable 2).

Xpsaé SXXLe| GO enrichment 2

SR A5 FAR]| tisiA 7]5 HRE =RIsH7] 5] GO (Gene Ontology) enrichment w4 4=35k{ct. 1 Axt
Biological Process, Molecular Function®l] oA = /49| 107}4] 7152 &1g 4= 3L, Cellular Component©l] Tthali A= 47]2] 7]5
A E S Rl 4 AATH(Figure 5). GO enrichment A1 | A L* Zh& 5783 G1/G2 L&H] o tisii = 7| s RS S 4
AL, FE a*3k2] G3/G4 LFH| oA F-ofn|et H K-S 1 4= ISl bgt= ST G5/Ge LEH| e 7|5 Be ohE L

9] 7)-.5 4 Hel= ¥ o] §l+= cardiac ventricle development, cardiac chamber morphogenesis2] F7}14] 7|5 BT &2lo] & iTt.

ot 2

DISCUSSION

o] 9] Aol SA} ATHdo] B H -7 Z}= MB(Myoglobin), CAST(Calpastatin), SLC40A1(Solute Carrier Family 40
Memberl), COX(Cytochrome ¢ oxidase), PRKAG3(Protein Kinase, AMP-Activated, Gamma 3 Non-Catalytic Subunit), ACTA1(Actin Alpha
1, Skeletal Muscle), FATP(Fatty Acid Transport Protein), SOD1 (Superoxide Dismutase 1) 5-°] X 11%] o] $FA| 7 A}&| 7} $H4 2] o| ChHarris
et al,, 2001; Lim et al., 2016; Mancini and Hunt, 2005). ©] S04 MB, CAST, SLC40A1, COXS] F-XA= F2 A]8-0] HE1p o)A
nl 22 H10] e gkl = vl Zof], & tiate]] G2 o] A7) B T2 & 4 Ae FIAZ Hirxof ok v
PRKAG3, ACTAI, FATP, SOD1 532t 52 5] ol A] tiAt B! Z5-0] Thald Ael], 4k} to= AH4AE 24 5ol Hofste] =
Z 3 dojih= EA 0| IS F= FAAE B E A QItk(Saini et al., 2018; Uimari and Sironen, 2014). ©] §-AHE2 5% ©7] T
= 3 % 9t SANE T, 459) §5 WAl ufet FFS nIA L G D 4 Ak FHol 43

2
TFRL @ 4 I} SHAIR 2 Aol A ERIg S Ale] Lx, a¥, begtoll e A5 HE SRS ST Aol g TR SRS

GO 7|s52 Hlus Eds e M4 ¥lE 71552 941 Biological Processoll A= ml 22 ZH19] Ata} 3l 2ol upA
B

(Oxidation-Reduction Process), A|"4AF tHAKFatty Acid Metabolic Process), & ©]2] 44 (Iron Ion Transport), &Fa} H0](Response
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to Oxidative Stress), T2 E5}|(Proteolysis), =3 tHAKGlucose Metabolic Process), ++5 2F&(Muscle development), ATPAY/AJ(ATP
Biosynthetic Process), XA} (Lipid Oxidation) 52] 2449l A#AJS5S B 115131 ITHDing et al., 2022; Faustman et al., 2010;
Klont et al., 1998; Terlouw et al., 2021). Cellular Component2] 7]-5-2 <-4 -3-(Muscle fiber), 0] 2= Z R 53] (Myoglobin Complex),
0] E X & 2]ok(Mitochondria), 2H0] 4~ (Lysosome), Al|Z 2 (Cytoplsm), A% -2 (Lipid Droplet), Al Z2}(Plasma Membrane), 4~ ]|
(Endoplasmic Recticulum) 5-2] A¥HdE0] Ei1E| o] QIthKwon et al., 2024). AR} 24 Toqg 2102 o 4%+ Molecular
Function®l| A= AFs}H $H § 4 2HJ(Oxidoreductase Activity), AH4~ 2T Oxygen Binding), 2 0]+ Z%}(Iron Ion Binding), &8t /g
(Antioxidant Activity), A|'AF Zh(Fatty Acid Binding), 2 E||o}A| QA A| 24 (Protease Inhibitor Activity), ATP Z ZHATP Binding), 21
AL D & (Electron Transfer Activity)2] 7|52 d3H/do] Bil%| o] QlT} (Poveda-Arteaga et al., 2023; Sibut et al., 2011)

2 Aol AatollA FEE GO 75 FEEC] T WEET BF YX|5HA]= LA|T Biological process] response to oxidative
stress, response to reactive oxygen species, oxygen transport®| AFS}h 9l GhAFS} Hho] 7|2k} AR QS 7HsAd & 7HA AL Qe A
o 2 ZZ=FthFigure 5, Supp. Figure 2). response to metal ion] -0l = A o]29] £4 7]51to] At ’5‘% —%—%éﬁ £ 4 Utk
Molecular function®] protein domain specific binding, oxygen binding, GTPase regulator activity= TH2 23} gH4d 4l gats ﬂfﬂ' ]
H 7] 5E0]7] wfgol F235t AdS YeRE = S A 0 2 AFEH tHFigure 5, Supp. Figure 4). Cellular componentﬂ]*‘]E A=k
3} -5 side of membrane, external side of plasma membrane®] T2 37| ol 55l & 4= A TH(Figure 5, Supp. Figure 3). DEG top10
S B AEEE SRIH 7 55& UIR-E Edlstal Qlof o] 7|50l thet S-243tke] A5 BQlsl & 4~ QU ThTable2, Supp
Tablel). SHA|9E-§-2] 4 Q1 AAtd A H-S0] T 72 a*(redness)oll 5= 0] 3lo] L*, b*e] A2 =4 Y2 A0 & weEr)

N89) Heae rulte] EAmtel 78 A EFol sttoln ol Z2 vl Tz ule] Ashael Atie P45 ol A
J&FS W= Ao 2 A A 9ok “Ramanathan | Recent Updates in Meat Color Research: Integrating Traditional and High-Throughput
Approaches | Meat and Muscle Blology, n.d.; Ramanathan et al., 2020; Skaperda et al., 2021). ol= gHitst 7]Zto| dhel g Ao njeZ &2
H2f F5-0] AShE WAsf 1179 AAgMS fAISHAL Atet AE- AT} F7keh= 49 n| 2 ZRlo| whEA| Atalsl a*2 ast
A B2 ololgic A ol w3 7)o HEAE e SAJole Z24 B0 223 FeE 21, 2 o] 2o] A8l ujet
H En| = ZHlo] PAE|o] 4] 8-9] a*& ZrASH=t] FTFS FTHPoveda-Arteaga et al., 2023). w2k, AFsh-2hel w33} gFaks} v
o 7|2t} d o] 2 £=59] 7| 552 AF9 a*E FA| v AAA7= T2 YRS E ol & 4= Tk

I:]-HH Z]_J o]—/\']J_}-Z“] Oﬂ/\i_‘: ]—3]-7]- __,'17]_4 1_\]4/2)]— (‘)_}-7(04 /\6] _\,]-Eq O] ol O]_‘—_- U]_Q:LEH]_J /\]-3}-_9,]-
ol M& & e fAISk=t YT F+= o2 LA At Terlouw et al.,, 2021; Zhang et al., 2021). &=

Coh o] Ak Algo] 8|4 25 HEHAA M ?_}7@“ = ASHAA a*E Trachs ATHE EA
etal, 2020). H|2Eue] 22 291 ZE| A S} AR -} Bpoll e 452 2] Atetks A8 w2
O] s El A== ) ’\}ﬂ' .9Joﬂ FFe FE A= EEH

ri

2 ZdElet W oA AtE
el 2ol 3ol A 3t
4> ) th(Pérez-Andrés

=2 T
Ao) Zag o] 4 9l

r°l'

O:l:

/\] FARES

G0 715 SO U alshe Qe RG] B2 202 Hol S40o] TS T poygenic ceart] 415 99| Wol:
2o JTE T 2050l 22 7150] FAY - R LA AL - AZE UL AT, | SOl YT ot 4

2] v A7k 37 4998 W2 9 om AHE Aol B 1 A7 9 W7IE DEGeIA] ZE3 o] 4ol chat
cwase] 02 E ARUEL HUE B 28 2o AEad

FUE

CONCLUSION

1 QoA 7)ol S A3 Pado] Qs Ao R B 1E SHAS0| WAL B4 ATjollx] AEE|A] AktAT o] 5ol 711 GO
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7157 nek R eI 0] @ 220 ASHEH T3 A AL, W o] 254, FAKSH o), T R, Mz 1Y
o] Sl i - Q2 AoAsick £ A7) o] Wi 2SI A HokE ol 89 DEG A3k E RS olelh
A 54 Aol

227} o)) ] BAE BT 4 98-S A2 2 4 1, BT GWAS A2 314 DEGE) Hol5
_]
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