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This study examined the associations between the genotypes of the galactose mutarotase (GALM)
gene and carcass traits in the Hanwoo population of Jeju Island, South Korea. The GALM genotypes
were determined by the 14-bp (5’-GGTCTAATGACCAG-3’) insertion/deletion (InDel) polymorphisms
of the 3'-untranslated region (UTR). All three genotypes (LL, LS, and SS) were found in the Hanwoo
steer population. The association analysis showed significant associations between genotypes and sev-
eral carcass traits, including traits related to intramuscular fat content, such as meat quality, marbling
score, and backfat thickness (p<0.05). Animals harboring the SS genotype showed not only higher
levels of intramuscular fat content but also lower levels of backfat thickness than animals harboring
the LL and LS genotypes. On the other hand, no significant associations were found between the
GALM genotypes and carcass weight, eye muscle area, meat color, or fat color (»p>0.05). Deleting
the 14-bp segment in the 3'-UTR resulted in the modification of the secondary structure of RNA
and appeared to affect gene expression by interfering with the binding ability of GALM mRNA with
RNA-binding proteins and microRNAs. These results suggest that the 14-bp InDel polymorphism
in the 3"-UTR region of the GALM gene affects cattle growth traits and carcass quality through galactose
metabolism—mediated fat accumulation in muscle and backfat tissues.
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QTL)EH A& X 17 A (putative candidate gene)
oF FAA FE0] RAHJTHS, 24, 30]. -9 AT
THE QTLL & A A (Bos taurus chromosome, BTA)
4¥1(BTA4), BTA6, BTA14 5ol A A A1, 24, 41],
SALFA, SHAYES ¥ E QTLS BTA2, BTAII,
BTA14, BTA19 5 2] gAA|oA HEFATHS, 8, 20
26, 27].

BTA119] 212 Mb F-9jollA = o] & FF2 A9
A3} A, A, trypanosome AZA T A8 7HA] FA o
3k fFolH Rl QTLEH FEFAAEC] AltH AvHe,
8, 31, 48]. Galactose mutarotase (GALM) 7 A+= BTAll
21.02-21.07 Mbell $1x13HH, 342701 9] ofw| =2k & 1A
Hol a1, &3 A F 7899 thAkel Bt geal-
doseE p-anomerZ W A7) = 28-S TH43]. GALM
AA7 AF, ¥, WAL=t #d9 QTLY] FH
HAAZ A QFE A8, 46, 47], Angus, Holstein, Braunvieh,

H-9-9] o] fA| A AAEJTE BuEo] Jou29,
39, 47], A4 WHolet =AF A Aol g A<

H D ATFE= o] Fo)A)A] gttt
o] AFM = AFE 9 HTolA GALM F7 A2
exon 7 g275 286 (3’-UTR)S| 14-bp A Y/A A TrE Aol
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U FAAET EAG A ABe 2AS] FF @
A E FT FAH G BEY F A= 24

it Ho

=

?i?‘oﬂ OI—QQ Nae AFFited SAE3Ee
3 =59 ¢ A F-0=943)ll A SE5BH A AT
A AR SAEFEEIHE AFADAA T =
T SEHAE AAE o]&3ATh 54 AlEClA DNAE
ZL sucrose-proteinase K -2 W3t o] &3}
A 5 Ead a8 72 22 AN 24<L nuclei
lysis bufferg ©|-&3lo] 7tE3)5taL, Yl RNases
e & B<ES A A3kl ethanol-precipitation 'H 0.2
3] 435} A . ¥ 43 DNA+ Tris-EDTA buffer (pH 8.0)=
t}A] £=8}51a1, NanoDrop ND-1000 spectrophotometer (Nano
Drop Technologies, USA)E FHEE AT T Axo/Axo
1.8 01491 DNA £H5L 20 ng/ul = 3|43k F3E A
& 2 9F-§-(polymerase chain reaction, PCR)S 9]¢+ F3 o

2 ol gsttt

PCR £E1} REAIE B=E
GALM A8 3>-UTR 14-bp A 4/2 4ol o3t 2
o] TS AR BESYTE FARE BEAL 93

National Center for Biotechnology Information (NCBI, http://

www.ncbi.nlm.nih.gov/) database2] reference sequence XM

005212684.42] A1 €3} Ensembl (http://asia.ensembl.org/in-
dexhtml) database®] 4~ GALM *] B(ENSBTAG00000021102)
< F33 % PCR primerZ A 2H3FA T GALM 14del F
5“GAT TTC CTT CCC AAA GAC TGG CT-3’, GALM _
14del R 5’-AGA AAG GGG CAG AAT GGA CAG AT-3".
PCR< 10x%+-3 ¢+39 20 mM dNTP, 22+ 100 mM pri-
mer, 0.4 units Tag DNA polymerase (TaKaRa, Japan)<} 20
ng genomic DNA &%) "3 Go|2+E H7ista,
Mastercycler Nexus Gradient (Eppendorf, Germany)E ©]-&
st} FZ3ATE T3 DNAS Td7ie WAL 27] 94
CollAl 583F 333 §, 94T 30%-58C 30%-72TC 45%

Z FA4E cycle 358 REESIAUTH SZ % PCR AHES

2.5% ol7tR = A Ao A A 172-bp (HEFAR
L), 158-bp (ﬂ]%v?ﬂx} el 2@ FdE ol {FHA
H(LL, LS, SS)& A=53Ath. GALM EF-AAF Lo} S,
FRAAE LL, LS, SS«] TZo} RIE, 144 el ok
% 7}= CERVUS 3.0.7 program [15]-% ©]-§3} 4F&31%
o F A oA BEo| ¥ % E(observed heterozy-
gosity), 71t o] & 7 3 E&(expected heterozygosity), T+ 4
X #(polymorphic information content, PIC)& A+&3}5 L
Hardy-Weinberg equilibrium (HWE) testS 98l ,* 7t
Yates’ correction® 2 4+&3}31, p-3k-2 Bonferroni correc-
tionS 2 AFE3F o

3-UTR H0| M9l 7= ¥ 7|5 0I5

GALM 3’-UTR9] 14-bp (5°-GGTCTAATGACCAG-3’) &
Heol Ad/A4 Hold &g & RNA (messenger RNA,
mRNA) T 39} RNA-binding protein (RBP)3}2] AT,
microRNAS}Fe] A3 71H54d& o 538kdth RNA 22F 72
+ RNAfold (http://rna.tbi.univie.ac.at/cgi-bin/RNAWebSuite/
RNAfold.cgi)E ©]-83l] A 2hf oluA] Fx2[48]F o
=39tk A ¥ RNA (messenger RNA, mRNA) A& ol
2] RBP A% motif= RBPmap [34] (http://rbpmap.technion.
ac.il/index.html)o| A AF&/F oA B 1%E RBP motifE-2
thato = 759 T microRNA 2§ 29+ miRDB [3]
(http://www.mirdb.org/cgi-bin/custom.cgi) | 4 human mRNA-
microRNA 2% A<EE tjao =z gAalsgch

EAIEE 5FI ROlY B4
T AN WA SAYE S F2EFYY

A Al
do] AE TEHBA el SAHH AAE FHEA
o] &3ttt ZAE AL CW, BFT, EMA, S35+
quality), marbling score, <% (meat color, MC), A| %28 (fat
color, FC) 522 TE3AT. F31AE 1 HA HaE
Y8 25T THAYEL 25T A (meat qual-
ity index, MQI), :"LHX] W% X 4(marbling score index,
MSHE H&sith. ST H A 3ew8S L 25w
2, 159E 3, 1+55 L 4, I++53 2 52 Hasqdn. &
WA= Aee HA 194 Ha 92 FESH T A

(meat

Table 1. Genotype frequency and genetic diversity of GALM gene in the Hanwoo population

. Genotype Allele Genetic diversity HWE
Population 2
LS SS L Ho He PIC X P
Hanwoo 0.142 0.122 0.736 0.203 0.797 0.122 0.324 0.271 364.1 0.4x107

(1=943) (n=134) (=115) (n=694)

', the numbers in the parentheses indicate the number of animals possessed each genotype.
>, Ho, heterozygosity observed ; He, heterozygosity expected ; PIC, polymorphic information content.

’, Hardy-Weinberg equilibrium test.



d AREA SAAC tg A2 @4 a3+ SAS
ver 8.01 program package/PC [37]2] general linear model
procedureE ©] &3t FAHSATH TARDL V=4 +
SNP + & (7141, Y = 83, u = AAB+, SNP = GALM
FRAAE S T e = Ao IAFHE ol &3 FEH
2] z}o]+= Duncan's multiple range test® 283t 2
A AR ANFAT
Znt 3 n&
GALM 78Xt exon 7 9.275_286delGGTCTAATGA
CCAGSe| CtedM
AF 24 ¢ AM oA PCR SE4HES] dole| T
e TAZ FAAE S B=3AtH(Fig. 1). oPtE=
A Aol A 172-bp, 158-bp MET} Z2H3FF T S Sl
e} LL, LS, SS A oz FEEAT AA H el A
LL S3ATS 0142, LS o1& H T2 0122, SSEFHTL
07369 W=lom, L thd-fxdze] Wk 0.203, S thd
AR RIEE 0.7970] ATKTable 1). A2 FHFE2
0.122, 71to] FHTE-L 0324, ThFAH R FL 0.2710] ATk
Hardy- Weinberg & Al & ol A ,-3H-S 364.101 4L, p-3t
2 04x 10702 159 §24(p<0.001)S JERH AT
AFrol A AHSE -5, -9-xAFF-9- Fi, Holstein,
-xHolstein F; F&¢] 4834, =423 d39 QTL
ol thAt #d FRFAA AL dFAAS0] B
AHAJT9-12]. FAAY GFAT FHAE BE A
Ao M= AFE4t 97 S9xAFF-5- Fioll vls)] F
B A2 ¥ =(minor allele frequency)”} B YL, growth
hormone 1 T332 HWE &3 3-S E A0, 11, 12].

vt AL es FE HIRS AFIS, 59, 3
2T 4 FFTOE TRAUDRS, 42, 45]. MIEZ =g}
DNA, 3 DNA d7AF ol A= HIZoAoF B 4

gloll #A0] F7Eta e AFFS, 59, Fa v,

Ak ZHAI7F 3009 r o}

EUTHS, 24, 42, 45]. AF= 9ol X F17 thFA ol
B kil S

3T
S ol frE AFE T o

=)
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G AHE o] &3t FUE AYAetaL Jlof 4
o] 2 A E ATH10]. o] H ATA o)
W GALM FRAANA AFE - A

G HWE 28 F 92 vixd A& AA
4 ez FHdEH

o

ox

CERSEAL GALM REXHQ| ozt

Table 2= AR AT GALM F3AF e & B 4
#E Yehd Holth AR EdE FollA BFT, MQI,
MSIZ7} -z g ol met fro) &l ZolE B3 I (p<0.05),
CW, EMA, MC, FC9] Ado= #2&<l =ol7t stk
(p>0.05). TALFA = GALM +AAE §S A TH12.8
+4.10 mm)ol A LL (13.6+4.99 mm), LS (14.1£5.21 mm)°l|
Hl3) B 0.8-13 mm O FUTh SATF A= S5 74
A& (3.7£0.99)°] LL (3.5+1.05), LS (3.4+1.07)° ®]38) 0.2-
03 A= O =33, THALE AFE IA SS 148
(5.9+2.0)°] LL (5.4+2.06), LS (5.3+2.14)°ll BI3} 0.5-0.6
T o =StKTable 2).

SARFAE -0 EATHE AN SHFFF H

7F Al 52 24 (negative correlation)S LYER]E & @ o]

N

Fs Fo]E Hola YTH19]. =AF
Aalloju, EAlFe] S7tdrE 5
b2 A Ao r STkt %
oz HaEth4, 23]. 1t

ALM A3 ol mhe} S AFA=
ojyf, EAITH= fFolF ]l atolE YER A kol
o] F7ket AdHgle]l SALFAE oS Fde A
o &9 FRAE T AP E Y Aol thek P AT
A= POU class 1 homeobox 1 (POUIFI), adipocyte deter-
mination and differentiation factor 1 (ADDI1) S+ A@ o] 5
A EA ] 2] A2 Aol E BATHI0, 11]. ADDIS] D
- Fze] ol wet SAYFAIE 7HH 0w St
st A[11], POUIFI F3A A= 44 53 HET SALF
AZF A FAKJT10]. o AFANX = GALM -+ A
SSo] LL, LS9k &A1 Afo]l& Holal, LL¥} LS Ako]ellA
= A<l a7t glo] § g At o g 7hakA
37} o2t 8§ FEHIT SAYFATE SFskth ol

e

£ > 2 o

A

2 >
Nz o &

Ol

¢

200 =%

1OH) e
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Fig. 1. Genotypes of GALM gene in cattle. The allele L is 14-bp present sequence and the allele S is 14-bp absent sequence.

M is the DNA size marker 100-bp Ladder Plus.
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Table 2. Association between GALM genotypes and carcass traits in the Hanwoo population

BB UWLIPIX] 2023, Vol. 33. No. 12

1 Overall GALM genotype o 5

Trait P-value Significance
(n=943) LL (n=134) LS (n=115) SS (n=694)

CW 403.6+43.67 400.6+46.55 412.8+46.04 402.6+42.56 0.106 ns.
BFT 13.1+4.40 13.6+4.99* 14.145.21* 12.8+4.10° 3.74x10™ o
EMA 83.549.29 82.9+9.04 84.248.96 83.549.4 0.462 ns.
MQI 3.6+1.02 3.5+1.05" 3.4+1.07° 3.7+0.99" 0.014 *
MSI 5.7+2.06 5.4+2.06" 5.3+2.14° 5.9+2.03" 0.008 *
MC 4.9+0.39 4.9+0.41 4.9+0.36 4.9+0.40 0.163 ns.
FC 3.0+0.17 3.0+0.19 3.0£0.13 3.0+0.18 0.996 ns.

! CW, carcass weights; BFT, backfat thickness; EMA, eye muscle area; MQI, meat quality index; MSI, marbling score index;

MC, meat color; FC, fat color.

2, LS mean + SE values in the same row with letters are significantly different at 5% (*) and 0.1% (**) significance thresholds,

respectively. n.s. indicates not significant.

AFolA A FAS AL e SEFeF 2 2
of theh #2)2 Aol= YA K(Table 2), F-2 et o5

AN fatty acid synthase, myopalladin, stearoyl-CoA de-
saturase-1 (SCDI) 59 34 ¥ol& EAlF, s49H
A3 fo]Hel xtolS HJAI[14, 18, 33], 53] SCDI
g.878TT T AAE & CC, CTl BI3| =A|F0] 40 kg ©1%4
H FARH33].

GALM A= 2ol AR, A, 248 AT &
HE QTL ¥ o= RUFEAI[6, 8, 31, 47], =3 Angus,
Holstein, Braunvieh, §+-%- Sl A oAl AF, EAF, S
A3} FEE QILY AAHA] FH {4 F sh=z At
] ATHS, 29, 39, 47]. oIH AFAM GALM F A7 ol
uheh -3 T MQL MSIA #2] A<l Aol 7} gl =
A TH(Table 2). A3 AT A lipoprotein lipase (LPL),
growth hormone receptor (GHR), lysophospholipase 1 (LYPLAI)
Frazre] g Aol ke HeA ZHA = {94
Ql zFol & BHYTH9, 12, 22]. LYPLAI HRBFAA €7 &
WA=l th3k 7k a3 HolARH12], GHR W ¥
T A= ATl ¥ FHIL, SHANEZ H =3
9]. ¥FA, LPL +3A8-& BB S F ol 44, ABRT} T
< T WAL EE YERa22], ol H ATl A
GALM SS 7} LL, LSOl W3} el o= WA=}

Be FEoln.

—

v

GALM 3-UTR X% 0|0 2Ist RMXL w0l eisio]
Chst o=

GALM 3’-UTROI A 14-bp A 4/Z2A HH | #F-of u}
£ RNA 7ZE 4 =3 23, 14bp Ao A= dEFA
ZF L] RNA 7| F7F Ad o2 o 44 dA4E 1, o)
A § = AARY T2t O BEZsHA el &
B A h(Fig. 2). 3°-UTRS| ¥ o] 2J3mRNA 23+ T2
s} W82 mRNAS] o8l 93Fs 1, & 5 o8
A Aol Ao 2 d#HA ATH2, 36]. 3>-UTR 14-bp

A1/A%4 A A RBP motifd & A3}, Iy f22F L]
5’-GGTCTAATGACCAG-3> A¥H¥ A#E FMRI (5-
ugaccag-3’), FXR1 (5’-aaugac-’3), FXR2 (5’-ugaccag-3’),
HNRNPK (5’-ccagcuc-3”), PUF60 (5’-gcucu-3’) & 5701 &
2 At 2271 &5 ) 3(Z-score >1.8, P-value <3.18x
10%), P FAA sALolME AEF-917F LS Th RBP
2 AE-5olA motifel] 22N F22 H3H
75 2d3H, motif A oA Fx2 ol
A 25 eliste] Solu 2EA S Ass =
Fsl7I = T 13, 44].

GALM 7 A& ol th3k microRNA target A 88 74
St A3 I HFA A LA has-miR-6131 (5’-ggcugguca-
gaugggagug-3°)2] target A1 A(5’-gaccage-3)°] A= AT
@A7HA has-miR-61319] AE3H2] FoAl Wi A
A= Rud vl 1oy mRNA Aol target A B2 &4
£ miRNA®} mRNAS] F548S FAE 4 Slvh A%
2?1 miRNAZ Sl W37} A71H oF B $13d& 7
AN71EH], dE 5 KRAS2 Akl 4] miRNA 2359
o Wsh= H YT daY B S FHAIZITH3S, 40].
GFPT! 3’-UTR®| SNPo|| ]3¢ miR-206 2 &9 442
Tl S FFAAA AHAE 2FEFY & ddew
] 7.

A A 3-UTR 992 A & 24 B=4 A
% RNA (messenger RNA, mRN)Q| 7}, <43} 3% 7))
Aot 12AA Soll HAThE FHellA[28, 38], oW AT
Aol A <l 14-bp MO 5= RNA T7x9 ¥3}
AALE 24 7)) 3= mRNA-RBP Aol W3},
mRNA-microRNA Aol o3 @i d sj= =4 5 o
7HA ZAF FEol A o] Wk ol dd . wEbd fAE
9] o7} FAA ol oW FFE F=A o the =3
ojuf Al FFo] AFHEY ofl, AT} WA

z

el W 5 N9 SAYAe] AR Y
49 4249 $HATE swHolor & Aojn,



Journal of Life Science 2023, Vol. 33. No. 11 991

Fig. 2. RNA secondary structures for 3’-UTR of bovine GALM gene predicted under minimum free energy levels. A, the allele
L containing 14-bp present sequence; B, the allele S containing 14-bp absent sequence.

H &9 71A & AA4ste gREY AAZAdES &
A gdolH, & P2 TP FHHQA ujH ¥R of
Yz 3422 8% Be 9 ndg. Juyoez
2315 713} A, AU 2R HE e 18T
o, AF= -5 SA TG ASEA AN F Zol7) A
o AFE 39 T A RESFT ] FJAES o] &3t
AFTAHoE R SHE Aiksta YA, -3 F
99l §4& faiMe AFE FdAY dTARE
o] mtE | ojok gt} o] ATFAZANA GALM FHAE
o] AF=AF e Hkol A AT, S AL B
H 922l AolE BRI, FHY SS FAAFH A
TARFAI A&, SHARET FUbeke e
HA. 53], s§ FZA JNA Y HlEo] 73.6%= vl-%
Eol, TF Aol frElekA e AL R o AtHrt. o
AdES TN S48 9% vAERA I (marker-as-
sisted selection)®l] &30t A, oA SALFAE &

2
o, THALES EYoen TA SFHFH 52

53 BT MG F o], 571 25 FAH A
el w2 Aol 1oiE Aoz SEn

ZAe 2
2 AdFE w218 AFAAGFEAAE: 5 F
AL &3 AT AP NG AT, FHAA
PJ015685)2] AU H 2023 %= g FHAk

)
o rE A

FEE

[o

A ARATY 34 Aol oa) o] FolH ATAY
o] Qxoln Al Aol FAEHYT
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