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ABSTRACT

Thoroughbred is a breed of horse mainly used in racing horse industry. Thoroughbred is also used as an important model
in the field of exercise and physiology because of their physical characteristics such as tenacity and speediness. Although
many studies were focused on physical and physiological adaptations, the regulatory pathways and mechanisms of
targeted genes are still remained to be uncovered in race horse. The purpose of this study is to analyze the molecular and
phylogenetic characteristics of the Kriippel-like factor (KLF) family genes of Equus caballus. As results, Zinc finger domain
and coding sequence (CDS) of Thoroughbred KLF family protein are highly conserved among species. Also, quantitative
real time polymerase chain reaction (QRT-PCR) was conducted to investigate the mRNA expression levels of horse KLF3,
5,7, 10, 12 and 16 in different horse tissues. As a result, six KLF genes showed high expression in the cecum and high
expression in lung tissue, indicating tissue-specific expression. In conclusion, these results indicate that horse KLF family
genes are highly conserved during evolution and will be used as a valuable information for further study of horse KLF
genes.
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Introduction

Kriippel-ike factor (KLF)x= AI2E WollA] Ml2ze] 2Pzt Hsh *ﬂiTL APE-S 5= HARRIAlo] Tk KLF G314 H= Al d e 2
Shk AIA| AR Zgoll, bk 22 Q17 AR n W A7} %1‘1} ol 2A6k= KLF gene family+= 2 17712 L&A I
o, Al Yol|A] 2 A3 2L} 25}, AlzAdo] et 7152 485 HFan et al., 2017).

*Corresponding author: Byung-Wook Cho
Department of Animal Science, College of Natural Resources and Life Sciences, Pusan National University, Miryang 50463, Korea
Tel: +82-55-350-5515, Fax: +82-55-350-5519, E-mail: bwcho@pusan.ac.kr

Received: 05 August, 2020, Revised: 18 September, 2020, Accepted: 20 September, 2020

© Journal of Animal Breeding and Genomics 2020. This is an Open Access article distributed under the terms of the Creative Commons
el 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.


http://didgeridoo.une.edu.au/km/homepage.php

Kyoung Hwan Kim, Jeong-Woong Park, Byung-Wook Cho

KLF 57210 ufet 22] vha f/do] th2tt. KLF 6, 10, 112 25 2ZA]of|A] WalstH, KLF12 A E o)A KLF2+= HojlA],
KLF42} 5= 17tol|A] 22 st Pearson et al., 2008). £2] So] B -2 FARIAe] ofghs Eidsl= KLF Tz
Ul 7t25A] o]l QJ2I5H= Zn finger domain®] A Q /35 d 1} o] QltHJiang et al., 2008). KLF FHiAE2 F520=2
Zn finger domain- ©]-&3}o] Bl 5-4219] promoter = enhancer Y GC-rich 5-9joll ZAglsto] AAS &g Miller
etal, 1993). @2t domain®] 722 fAVS-S 24| §olA U Entofet el 42k 37517 = gk 12U KLF &
50| opn|ie Wk A A o] Zpo]7} E4 Tl A nto] 3o AR8-S A4S} | uizol KLF family gene U] th/d % E44/g0]
S7HFEth KLFQ| R12F21Q) S S AA15}7] 919 S A s7/d 4] St ofel, g & o] M s/d 4] 3t 53t
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5 g Sl
4 H 2 8T KLF BAEE 7]54 E4o) w2t 276k 34| 385-R7-=2 272t 15 1o= KLF3} 8, 1290] £opH
carboxy-terminal binding protein (CtBP)2} A& 218510 ZAL AARLZ2A 7]45-2 gt 15 20 KLF 132, 4, 5, 6, 7810]
&5 R AL 2R} kS Tdsial Itk KLF 92+ 10, 11, 14, 16812 T15 30i] £:5HH AL #2191 Sin3A thii 2t
g 52g5t0] AALE JAIhe 762 7HA AL Qek 22t KLF 1587 1792 oA AFst 25 W KLFSH Alssd oz g
of Qlom, FEigh Tl O ARE motif S AUl AA| STk

Zn finger domain2 A} QIZHE2] DNA Z3 motif2A] 2+8-5Ht. C2H2 type2 Zn finger domain & 7 &3 U9H4
e o}l 0] 20] Zn finger domain W 2712] cysteine?} 2719] histidine 7712} Aglsto] BRa 722 FAISHHBrayer
al,, 2008). & KLF family W A E2 7}25A] ok F.9jof| 3719] /g4 0 2 B Eo] & H Zn finger motifg AUl 9l
t}. Zk7te] 7n finger motif&-2 DNA W 3719] 22l QEfo| =5 QIA|5}o], 5 97H9] 722 Qo] =9} /45285t H(Nagai
etal,, 2009). KLF1 T8 83} B-globin -3-%12H2] promoter 72 2tol| w29, KLF1-2 31 -3-%42+2] promoter W 5-CACCC-3
XY AL 9l GCrich A Holl ZgtethMiller et al,, 1993). o]k upxk7EA| 2 o2 KLF Tl A S = sl Qo) Zgtst
Ch= ARl o] 8ol g itk Van Vliet, 2006; W, J. and Lingrel et al., 2004).

Zn finger domain DNA A5 17 ofue}, 3 U] 5ol S35k g2 Feitt. 3 Y=o 4Fof ¥ nuclear
localization signal (NL) /€ o] KLF 13+4, 8, 11¥12] Zn finger domain WollA i E] o] o] 5 Subsiar Qlom, sig A E3t 7n
finger domain®] KLF T E-E0] 8l L £250] F-25F 98-S SHrHMehta, 2009; Pandya, 2002; Shields 1997, Spittau et al., 2007).

KLF family W ©§210] ofn| iz 2ok 2o A2 nfl¢ th2H, of2{gt A F 542 574 2AL 24 thildte] AgkS 24
StHSchuierer, 2001; Turner and Crossley, 1998; Van Vliet et al., 2000). o]2]et 4|8 2] thfd-2 KLF Tz 50| ofE HA
B = oA IR} ARG SRRl of Wt 7|54 T B ol do] A4tk KLF TS} o Akgoh= W HAL
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27 SIS o] WAIRol T, oS B3to] KLF Haie] AE47 g7} o] Rof4] Shek. oA 0 2 CiBPe} Sin3A T
o] £ KLF th 950 452§ SITka Lefd 9lom), JargS g KLF Bude] 728 £ thaat ek

-2 o)t Tt 9x]5H= 747H9] o] i At A ol Zet AL} A|}L 7] 527 FItH Turner and Crossley
etal,, 1998). SF -9l 3-5 %A A1 CtBP2F Aeketo] ZHRIE a1, KLF3w}§, 124 Tl L= 5o 358 A EYd
PXDLSE 54 CtBPS} A3 52-8-8to| Hhsi K tHSchuierer, 2001; Turner, 1998; Van Vliet et al., 2006). k4], KLF 33} 8, 12
1.2 CtBP2} Aetsto] sk fdAtel ©ele oAstal I 10] £tk

o]
3
Spl-like T o] AL A= R E Lghom, Spl-like T A2 hydrophobic-rich motif2 913t a-helix 725 7FA| AL Q)
Sin3-interacting domain (SID)E &3f Sin3 &} AgettHZhang et al., 2001). Spl-like Tl29] Sin3 Thalalnte] A
-2 histone deacethylase Tl A o] A5 2E2-8 Q&=50] WAL oA QA2 A kS gk nfxb7 I 2 KLF 92} 10, 11, 169
S AANVXXLE EZ5H= arhelix 25 ofn| e Trtol] YL 9lon] o] 5 Fal) ZAF A IzkZ 4] 2-85HHZhang et al,,
2001). KLF14 53t SID 915 Z|Y AL QA|TE oF217k2] KLF149} Sin3A 9] /& ah-8o thsh At Aat= EA6HA] ekt 30

2 -2 KLF1-2 SID F-915 AY 11 YA @A |5 7F25A] ko] Zn finger domaing 55) Sin3 T2 at A& 2-8-5t0] 2
AL ARLZ A &tslal Qltk= Zlo|tHChen et al., 2001). 12{ut KLF 92 10, 11, 14, 1681 25 Sin3A9F AFS 2R 5t 4= Ql=
SID A& 9] EA) wfZol 1 30 & 751l U
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KLF family -3-2-&-2 Zu}2](Drosophila melanogasten©lX 21z =2 31sk4 0 2 B2 372} o 24 F4 ]t 1
= Q7L F, =R, & 5 thFet FollA 54 9 AtE o] $k(Basu, 2004; Chen, 2010, Ravasi, 2003; Suske et al., 2005). &2
P 250l & 4-85]o] 2 7}50| £5] Thoroughbred 552 £=7} w211 Al E517| ufzoll Frtitdlel 2 &
25 25A2] BoloME £33t SERdZ A 2253 QItHTe Moller and Van Weeren ., 2017). ©|2{5t £ A4o|= &
Frotal A7) el KLF family -4 tigt ke Bk o] QU] 9t 2 A= Thoroughbred #-5-2] KLF family &
A7} gl sl o] ojgt ALx24] E4Jof tigh A 2-E |35k |9l 438 =] U}, TE3E, o] KLF family -4A=2] 244 WS
59l sl KLF §-32F=2] 249 7]o47} FARRHA] Eelsl Bt 4-38=| Qi

N

|

Materials and Methods

SX{X} 9l CHHE A MY

ThoroughbredQ} 17E 2] KLF family -7 2 @8- A8 H = NCBI (http://www.ncbi.nlm.nih.gov)2] Genbank
DBEXE| 3Z35}%ItHTable 1). Coding sequence (CDS)+ 5-untranslated region (UTR)}-€] 3-UTR 7}A] A7 & H]a L &
A5k

Table 1. Sequences of horse KLFs

KLFs CDS (bp) Protein (aa) Chromosome Accession number
KLF1 1,083 360 7 XM_023645301.1
KLF2 1,074 357 21 XM_023625367.1
KLF3 1,038 345 3 XM_023638230.1
KLF4 1,548 515 25 XM_023629843.1
KLFS 1,101 366 17 XM_023621686.1
KLF6 852 283 29 XM_005606962.3
KLF7 909 302 18 XM_003363309.4
KLF8 1,071 358 X XM_014728902.2
KLF9 735 244 23 XM_001916945.4
KLF10 1,443 480 9 XM_001493901.6
KLF11 1,557 518 15 XM_023619547.1
KLF12 1,209 402 17 XM_001496646.5
KLF14 984 327 4 XM_023638783.1
KLF15 1,101 366 16 XM_023619835.1
KLF16 750 249 7 XM_023644332.1
KLF17 1,188 395 2 XM_023631495.1

CDS, coding sequence; bp, base pair; aa, amino acid

S

5/ 2 ASS 2492 Geneious 6.0.6 Z21HS ARSSIRICE AH5A £49-2 Geneious alignmentS AH&-3513] o, THe:
I} -2 271 stof] =38 =| Uk cost matrix=65%, Gap open penalty=12, Gap extension penalty=3, Global alignment with
free gaps. A5 £49-2 Thoroughbred 2] T2 X A3 AR8-5} alignment & Geneious Tree Builders AF8-sto] 24
1} o] AAste] 43|k cost matrix=Blosum62, Genetic distance model=Jukes-cantor, Tree
builder method=Neighbor-Joining.
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SA=E

Thoroughbred E52] 87FA] XA/(FZx} 74, ), 2734, A%, 24, o, ) 9 @ A2 (peripheral blood
mononuclear cells?} polymorphonuclear cells)Z AF&5}ITE & 7ol Z3HE -2 A g M= BAkhsky S-2A413
22|93 (PNU-TACUC)ol| oJ3l 5241 0] f-2]dxt 2tehdo thet HEE whol 43kt Z10 & £R1(5Q1 S : PNU-2015-
0864)2 g Soto] 4-33=| ik

gDNA &

gDNAZ FZ317] 1 g2 T84S wo] cell lysis solution (BIOFACT, Korea) 300 ul2} proteinase K (Qiagen, Germany)
1.5 ulell A430] 60°CollA] 3417 52k incubation ST 1 &, 100 ul®] 7M ammunium acetate (Biosesang, Korea)S 375t
of ThifAlS A ZTh 24ES 500 ul2] isopropanol (Merk Millipore, USA)of| —3%7:1 DNAZ- 33174tk 13,000 rpm o2

A E 2|5l gDNAZ pelletst 519121, 75% ethanol (Merk Millipore, USA) 300 ulZ 25550 thA] Y4259l ch A=
Mg B AR T AFLolA SEF AN, HEH O R 33} R4S AMESo] gDNA ofuigict.
RNA ==Z 9 cDNAZHA

o] o2 a0 2 HE| 19 o, PBMCe PMNS £2/5}7] 215l Polymorphprep (Axis-Shield, Oslo, Norway) A|2F
2 A}85191c}. EDTA tubeS o] 8510] 2153} o} Polymorphprep NoFS 112 AL % 500 go] £ 52 3587+ Al Re]
31ich £2)E PBMCS} PMN 22 217} 5]4+5191.01 1x PBSOY| H1Z 5 14,000 g &2 527+ YAl R 2)5}0] AFZ=ol g )
Astct. 2535 PBMCeF PMN-2 Trizol reagent (Inwtrogen Carlsbad, CA, USA)oll -2 & RNA &5 93l -80°Coll B
STt wo] 22 A& AR PES o §sto] 22415 E4lslal 1.5 ml Tubeol] 2412 41 1 mlQ] Trizol reagents 1l
RNA 322 915 -80°Col] Hta}it.

RNA &2 Trizol reagentE- g1 /-0l ZHA] ¥]$F o2 200 ul®] chloroformE- il iceollA] 224 &= B=]5Hict. 1
& 4°CollA 107+ 13,000 rpm 2.2 LA EE]slo] AFZolg Al 1.5 ml FHof 500 ul®] isopropanol 1l U4
M-S 57 oy of2] §1 E50] It I % thA] 4°CollA] 10871 13,000 rpm -2 A2 & AR thgoll 45

ChS- 75%9] Diethyl pyrocarbonate-Ethanol(DEPC-Ethanol)& 300 ulE- €l THA] 4°CollA] 1027+ 13,000 rpm o2 ¢

2 & st npr|at YAl e] 2 AEHE B2] 1l pellets Ad=20llA] FA] ZARAIZIT 3235 RNA+= NanoDrop ND-1000
Spectrophotometer (Thermo Scientific, Wilmington, DE, USA)E AF&5}0] 59t <=5 2915 TS RNase free water
20 ulE goiA] -80°Col| Eats}eict.

cDNA= SuperScript™ 11T First-Strand Synthesis System for RT-PCR (Invitrogen, USA)E AFS5I oM A2 T2 EZS
w2} S 285ttt HA RNAS] 5=E 1 ulol] 24 Y2 5 oligo dT primer 1 ul, dNTP 1 ul 128]2 YHZ]i= DEPC
treated waterZ AR5} total 10 ulZ TH=Ach. (Mixture 1 - Total 10 uf) Mixture 1Z 65°CollA] 587F %] Z jceol| 4 F
ek 71 ok 10 X Buffer 2 ul, MgCl, 4 ul, 0.1 M DDT 2 ul, RNase out 1 ul, RT Il 1 ulg- ¥o153{ch. (Mixture 2 - Total 20
ul) Incubating- 50°Col|A] 508 AAJGH Chg- 85°CollA] 58 AA[SH & jceof| FHA] A %] S191Th. mRA|2kO 2 RNase H 1 ul
2 9o thS (Mixture3 - Total 21 ul) 37°CollA] 2087F A %] &, D.WE 80 ulg goiA] 1.5 ml tubeol] cDNAZ 3415134}

PCRY M7|

PCR ¥+ 7+ _%ll & ¢DNA 1 ul, primer (F+R) 2 ul, 10 x Buffer 2 ul, dNTP 0.4 ul, Taq 0.1 ul 123 D.W 13.5 ul2 &
20 ulS AH&31e] RT-PCRS A3J513ith. PCR condition2 94°CollA 1027} denaturationshal 94°CoflA] 30, Z} annealing
22(61°C, 63°C)ollA 30z 18] a1 72°CollA] 3027+2] 35 cycleS WHE5F1 AL 2|54 0 2 72°Col|A] 583t elongationS 5to] ¢
S5tk PCR ATHE5-2 1% agarose gelollA] 90VollA] 50427 27|95 AAIekl or UV transiluminators 5541 2t
MEE9] F Haztol & ARSI
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M
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gRT-PCR

BHAEL) dhA WeRRS #915}7] 9J5l|A] BioRad CFX-96 (BioRad, Hercules, CA, Country) S A5} Real-time PCR
< 43519t} PCR BF-E-2 7} A|22] ¢DNA 1 ul, primer (F+R) 2 ul, 10 x Buffer 2 ul, dNTP 0.4 ul, Taq 0.1 ul, 20 X
EvaGreen (BioFACT™) 1ul D.W 13.5ul2 & 20 ulE AR83}2t}. Real-time PCR condition& 94°Col| 4] 10527t denaturation
511 94°CollA] 302, 7} annealing ==(61°C, 63°C)ollA] 302 18] a1 72°Col|A] 3027t2] 40 cycleS HHESIAL ofx|eko 2 65°C
olA] 95°C7HA] 5% 0.5°C% F 581t melting curves FRISIICE ZE 4L AR 1 33] ¥HESIAT, EARE AC,
methodZ ARE5IITE RS2 At W2 glyceraldehyde-3-phosphate dehydrogenase (GAPDH)Z ©]-831o] AlAt
s3I

Results

U KLF SHXte| A5Y 24

NCBI databaseZ 5] 17k} F, 2] KLF coding sequence (CDS) 2 Tl 4GS 21531 9 H(Table 1), DNA binding
domain?! Zn finger domain¥} 24| CDSZ F-23}0] 454 A2 A5t 1 A3 Zn finger domaing 917k} ojl
A1 KLF17 (84.0%)= A28k 90% olde] 353 EATHTable 3). 52t ol A= Q17ke] Atel §AFSHA KLF17& A|2lst
11 7n finger domain®ilA 90% ol4ke] 45448 B om KLF172 77.8%2] A5A 02 WA Uelsith CDS9 AFsA] £A]
A3t Izt Tof| A= KLF2, 3,4, 5, 6, 7,9, 10, 12, 169114 90% 0]/4d2] /5232 LeRd oM, KLF17 (63.6%)2 A5k L%
80% o]Ake] AEAdS HolFglet Fjef who] 79 KLF3, 5,6, 7, 9, 1201|417+ 90% o]Ake] AH5Ad-S HodZqlat, KLF1(70.7%),
KLF11(73.2%), KLF14(66.5%), KLF17(47.0%) 2 A2]5}aL 2= 80% o)’d2] A5/dS LUehHich & At Aoh= KLF family
|HZPL RIgkA 0 2 ufe- & HEE] o] 9)5-8 HolFn, £3] Zn finger domain®] 7% uf¢- & BEE o] Q138 & 4= Qlch
TEgh WOJ KLF family FAAS-2 Ao 02 FEo) 17k B 7P7ke-2 HolE.

Table 2. Primer sets used in this study.

Primer name Primer sequence (5'to 3) Tm (°C) Product size (bp)
KLF3 F ATTGGAAGACAGTGGGCAAC 60 153
KLF3 R CCTCCCAGTGAAGGTTGTGT

KLF5F CACATGAAGAGGCACCAGAA 60 235
KLF5R CTGCCTGTCGTGAGATGAAA

KLF7F GAAGAGAGTCCACCGCTGTC 60 227
KLF7R ACCTGGAAAAACACCTGTCG

KLFIOF GAGGAGGAGAAGAGCCCAGT 60 214
KLFIOR GTGACACAGCTGCACAAGGT

KLF12 F CACACGGGAGTAAAGCCATT 60 229
KLF12 R TGCTCTGGTTTCAGACATCG

KLF16 F GGAGGGTCTCCATGAACTGA 60 210
KLF16 R ACAGACGGAGGAGAGACGAA

GAPDH F GGTGAAGGTCGGAGTAAACG 60 106
GAPDH R AATGAAGGGGTCATTGATGG

Tm, annealing temperature; bp, base pair
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2 KLF RHXe| AT+ EM

2] 157K KLF family 5512t 7k0] A5/d 24 & Alss 242 ARt 1 2, 7kt Het fAksHA| 34 370e] 1
502 UeRtthFig. 1). 15 1.2 Q17ke] Axfe} 7ho] KLF3, 8, 12810] £301, 1.5 2 T3t QI7H QA KLF1, 2, 4, 6, 7, 15
Ho| &8litt & 39| = 7t np A 2 KLF 9, 10, 11, 13, 14, 168 0] &51ith =it KLF130] 21w 7] 9k9k7| uj
ol ZEE] ] ekt KLF family f-44F=2] o2fet 153he 7]54Ql E4& ettt A 1do] & o, 7|54 o2 %
X5k o & Hzo] & =o)L S-S AJAFSHE

95258 porse KLFS
0.0506
2 horse KLF17
04679 Y horse KLF3
. 0.3667
horse KLF8 Group |
0133 |
L_03%7__ horse KLF12
— 0436 [ e KLF1
0089 0.3161
horse KLF2
00962 | |
04198 porse KLF4
Group |
0.0468 — ot horse KLF15
. -1 0.3074
r—— OS2 KLF6
0.1563
93389 horse KLF7
0.0041
— 04882 [ oree KLF10
0.1916
o ) horse KLF11
0.0509
—0 4392 - horse KLF9 Group nm
Lo 0.2567
- horse KLF14
0.1968 | |
L_of% horse KLF16

Figure 1. Phylogenetic tree of human KLFs. Multiple sequence alignment and phylogenetic analysis were

performed using Geneious alignment. Analysis was conducted on full-length protein sequences of the 16 horse

KLF proteins. Branch labels indicate substitutions per site and gray boxes show the division of horse KLFs into
distinct groups.

2 KLF THHEZ9| Zn finger domain?| 3

KLF A 52 HARIAZN S 5t sh9] fiakse] B e S5 B JAA e s Stk BEKLF s
2 C-Utol| C2H2 Zn finger domaing 71| 2L 1T}, &2 Aol A &} Q17F # 2] Zn finger domain®] A{E2 E4S H]uls
B A 1e7e] B T KLF T A E0] C- ol Zn finger domain®] £413HS 29151t Table 3, Fig. 2). @] Zn finger
domain S5+ £7 DNA A Qol| Z3ts17] A5l 523 cycsteinedt histidine %177} 25 HEE| o] ik el Zn finger
doamin F 3719] domain & F/g=]o] I o™ A HAet = A domain 23712] ofr] A4k Al 1A domaind 2171
o] ofm|izAko 2 JLA]]T), o]2igt Aul= 2o] 7n finger domaine] Q17+ F|of Q2|01 AFEAd Biatolu]g) 1x2]01 E
J S RIekA o = vl HEE 0] 152 LEhditt.
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Table 3. Amino acid sequence similarities of KLFs from horse, human and mouse.

. Horse (%) homology with human Horse (%) homology with mouse
HLI il Zn finger CDS Zn finger CDS
KLF1 96.3 81.4 90.2 70.7
KLF2 96.3 95.8 96.3 86.6
KLF3 100.0 974 100.0 94.5
KLF4 100.0 91.2 100.0 85.8
KLF5 100.0 97.8 96.3 90.0
KLF6 98.8 93.6 98.8 90.5
KLF7 100.0 97.7 100.0 98.0
KLF8 100.0 88.2 100.0 83.7
KLF9 100.0 98.4 100.0 97.1
KLF10 98.8 94.4 98.8 85.2
KLF11 97.5 80.5 97.5 73.2
KLF12 100.0 98.8 100.0 97.5
KLF14 98.8 82.4 97.5 66.5
KLF15 98.8 86.1 100.0 85.1
KLF16 95.1 91.7 96.3 86.1
KLF17 84.0 63.6 77.8 47.0
CDS, coding sequence
(A) ev2l OR UR
TFIL-2
GS10 GS10
5 w2l |— 77— 3 § 3
JFILR . JFILR
196bp - ' 600bp
(B)JS 1S PRLR
dSPEF2  10einF gpRIR PRIR-E  PRLR
5 (11— i — 3
~i.lm:n—l{ . mln-R
R —— e
1710bp 2673bp

Figure 2. Multiple sequence alignment of KLF zinc finger domains in horse, human, and mouse. Carboxy-terminal

DNA-binding regions of horse, human, and mouse KLFs are highly conserved. Three C2H2 zinc finger motifs are

indicated above the consensus sequence. The conserved cysteine and histidine in the zinc fingers are shown in
capital letter. The residues that bind and determine the sequence specificity to DNA are marked with asterisk.

2 KLF SHE L) AL ZERL| 715 2t 29l

Zn finger domain 9+ ofu2h, KLF family @2 52] N-tgo] Exfsk= CtBP 23 £9], Sin3A 23 2 NLS H91 & &
AJt3ic. Iz F o) N-ke] M Eg o N-2 T A G} alignmentshil 7164 0 &2 53k 9 x|vhg Adsteict. 1 Aat 1
& 10 &3h= T KLF3, 8, 12812] N-ZHol] GtBP 28 motifel PVDLS/T7F 2182 151 tHFig. 3A). KLF3¥} 12%2] 7
S QIZH F, WollA] BE 2 1.9of] EASHA AT, KLFSHol| A= Ttk = Ikt th2 F-9jol| EA5}ct. LE 301 &5t
Sin3A Z3H 29]91 AAVXXLS AU Q= KLF9, 10, 11, 13, 14, 168 T3+ Hoj|A = 5A5HA] 2A43HS 2015191 tHFig, 3B).
T2} KLF13§12 oFA7k2] 57 =] 2] QobA] ojlxie] £ f-5-= &lg 4= Ilth. S0IEA1= KLF102 A 2]3h KLF T
Zof|A Sin3A2] AgHE-9le] )7t wF FLU5}ITt ok, KLF109] Sin3A 2 motife] 91x|%= CBP2] 74-¢-oh= 2] Uit
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QIZto] 5 33T NLS= AR Y2 Eoj7h= 2P0l F-83 43S 51, QI7HKLF1-2 F 7§e] NLSE A4l Q)
th. 3 #A NLSE Zn finger domain®}h 24817 9121512 9).om, = ## NLSE Zn finger domain Ujell 91x]3kar Ik 71
2L} alignment £4] 23} 2] KLF1-2 Zn finger domain ol E2lisk= shute] NLSTHo] &R1=|QcHFig. 30). Q17He] KLF4
S 7H9] NLS7F N-2 et 7n finger domain 4]0l ZH2} 91%]8kar Qlck. o] 79 Zn finger domain 2ol $25kaL Q)
+ 3hke] NLSTHe] ZR1E|3it. QI7HKLF82] 742 non-classic NLS A €S A4 a1 Qlekal B x| Q{cH11]. 15182} 2008 of|
AR ZE7 o) A Exf5HH, T 7He] NLS &gt F.28h %7191 S1659+ K171 3okl Qlrt. e 7-9- 148} 1974 ofm|
AR ZE7 ol A EAHSIAAI T, T3t 27191 &= 7o) 271 9] ARl x|= Q17 Fof| A2} o] FUsiqint. & At At
ZHo] KLF Tl A =0] ZAL 2ARIZe] 7|54 AokRel= QIxtat Hojx et m7ia] & - & BEE| o] 18-5 &R1E 4= 9l

E
human KLF1 : E
mouse KLF1 P

et
(A) CtBP binding site (PVDLS/T)
Consensus | 0 WY
horse KLF3 | Q W (61-65)
human KLF3 [ O Wl Il (61-65)
mouse KLF3 v (61-65)
horse KLF8 v (83-87)
human KLF8 v (86-90)
mouse KLF8 v (83-87)
horse KLF12 T (81-85)
human KLF12 | O Kl (&1-85)
mouse KLF12 T R (81-85)
(B) Sin3A binding site (AA/VXXL)
* k% k% % k k k k k k %
Consensus Al C X F A NS C IR S
horse KLF9 Al Y IM El V Al Q C V N (11-15)
human KLF9 ALY M [ V B Q0 C N (11-15)
mouse KLFS AAY MIDRF V i Q C N (11-15)
horse KLF10 E K S B E v S A G (41-45)
human KLF10 E K SIBRF E vV S A C  (41-45)
mouse KLF10 E Q@ SIBRF E v Il A 0 (40-44)
horse KLF11 E O NIDE | E / S A S (47-51)
human KLF11 E Q@ T M E Vv A S @751
mouse KLF11 E QT | E v IS A S (@1-51)
human KLF13 AN Y IV H F ANE C S (11-19)
mouse KLF13 ALY [V H F ANE C S (11-15)
horse KLF14 il C H® il F ANE C A (12-16)
human KLF14 AN C HB Nl F AN C A (12-16)
mouse KLF14 A CLIDRY F ANSEC T (12-16)
horse KLF 16 AN C I il F A'IDE V S (12-16)
human KLF16 ACVERY F A DR S (12-16)
mouse KLF16 BN C B il F A'IDE \ S (12-16)
©) Nuclear localization signal
* %k kK
Consensus [ E ]
Consensus P E :T—::LP‘ =
horse KLF 1 P - = -
.
[

Figure 3. Sequence alignment of conserved motifs in horse, human, and mouse KLFs. (A) CtBP binding site in

KLF3, 8, and 12. The conserved PVDLS/T motif is shown in a red box. (B) Sin3A binding site in KLF9, 10, 11, 13, 14,

and 16. The conserved AA/VXXL motif is shown in a red box. The residues corresponding to the conserved a-helical

region are shown in asterisk. (C) NLS sequences in KLF1, 2, 4, and 8. Core NLS residues in KLF1, 2, and 4 (a lysine

and four arginines) are marked in asterisk in the conserved sequences (red boxes). Conserved serine and lysine in

KLF8 are marked in asterisk. NLS, nuclear localization signal; CtBP, carboxy-terminal binding protein; Sin3A, SWI-
independent 3A.
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O} KLF CHHZEIo] HHAH S {5

Q17 KLF5 THide ublqumnannJ—]- phosphorylation, acetylation, sumoylation®] ¥ & ¥ 345 AXIck &
KLF5E o2{gt He] & e apgo] dofubs B9jo] A of -5 Sielsiith. 1 At o] KLFS Tl A uf Fhw7o] 2
3tsl= CPD motif (Fig. 4A)9} WWP1 E3 ubiquitin ligase”} 2&5h= PY motif(Fig. 4B)7} S8 &R15ict. o|2{et Axt
+ KLF5 22 o] Fhw7a WWPLZ &4l ubiquitin-proteasome pathway s 73-& AJAFSHE S5 2 KLFS Tl A1 W
ol] PKC phosphorylation 21?1 S1532} p300 acetylation £-]Q1 K3692} F 712] sumoylatlonjﬁ—] Q1 K1622} K2097} 2.5 &
Aghe ERIskATHFig. 4C). BKLF52] CDS /35 do] 17t} 2k 909601/ 2le aeed wl, 2 93 Axh= 2] KLF5 5+ <l
Zhk F ek fARSHA| Tl W] 2 Hy g2 73S ARRITH

GV TP
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horse KLFS
human KLFS
mouse KLFS

P S ()
P Consensus

horse KLF5
human KLFS
mouse KLF5S

©
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horse KLFS
human KLF5
mouse KLFS
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horse KLF5
human KLF5
mouse KLF5S

Consensus
horse KLFS
human KLFS
mouse KLFS

Figure 4. Post-translational modification sequences in horse, human, and mouse KLF5. The Fbw7 binding CPD
motif (A), WWP1 binding PY motif (B), PKC phosphorylation site serine, acetylation site lysine, and sumoylation site
lysines (C) are highlyl conserved among the horse, human, and mouse KLF5 sequences. The post-translational
modification residues are marked in asterisk. Fbw7 F- box/WD repeat-containing protein 7; CPD, CDC4
phosphodegron; WWP1, NEDD4-like E3 ubiquitin-protein ligase; PY, PPSY motif; PKC, protein kinase C.
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THFig. 50). KLF102] 73-9- wie} 244, wi7gol|A] Wddo] =qtor

—_ =

Stom(Fig. 5D), KLF12+= #7gollA] So] &0 g o] &9trh(Fig.
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Figure 5. The mRNA expression levels of horse KLF3, 5, 7, 10, 12 and 16 in the horse tissues. The mMRNA expression

level of KLF genes were measured by qRT-PCR. 8 different Thoroughbred horse tissues including skeletal muscle,

liver, lung, thyroid gland, kidney, spinal cord, cerebrum, and caecum were used. GAPDH was used as a reference
gene. GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

Discussion

ol A= SAN7HA] Equus caballus?} Equus przewalskii 5714 &0l thgt genome A 49 0] k5 5] I} Thoroughbred
B2 Equus caballus &0l &3}, Equus przewalskii £-2] 73-%- 17} Foll A @R 7kA] 2 17709] KLF family -2
©] mRNA A go| BE4 HeHA £4.2 Tl Yej#] lrt. Lefv} Equus caballus 32 KLF13& A|2Jgt 16719] KLF family §
Azt YErg Hat FAS Foll 27l AEjoloh webA &2 Ats 2] 167119] KLF family §HARE td o2 917k #9
KLF family #3922} B]3L - 2AEHIC}. KLF family -394 HARIZEEZA Aol A thefth gk =383ttt wabA
KLF fA7ke] A 252 583 el 2] 85|11 QL= ol A = F-25HH, genome 3 RNA sequencing®] 2} &HQ1%
AQ tlo]elE 7[HEe & Z7FA Q1 A7t H @5}k, oke2, KLF92} 10, 1482 7hojjA] GrijAte]] ofstct H 1]} 0 m(Cui,
2019; Wang, 2017; Yang et al.,, 2017), KLF15= 2222] GLUT42] @&z dojl 2720l oJake shhal B 1%|]cHZorzano
etal,, 2005) T3t KLF157} Ao Fol|A] B]7/d2 Q1 At} o 2] tiALE: Ko, ARl ol 7] o&ret 25 n2 =
o b2 -5-2] A&l A7k JeF Frial Bk it Haldar et al.,, 2012). whbA KLF {04400 iz At 2 -5 - 4
2lofl it miAYUS2 olsfish=tl 523+ $H2 §-1Atz E-8-2 4 9lo], olof| tigh A7} vl F-2 51tk 12Ut 2] genome
A ho] deA ol = =slaL, B KLF family -F-94H2] 1527} mju|gk A7Jo]e}, o]of] & A=tof|A] KLF family -3 2ke]

3 £ OFE S H|L - 24 SHlTk. 2 KLF family THlEE2 B| WA AG7F 2 Eof 9l QIZkt | of AHa} v wst
2 o FEFA o= nlle- 2 HEE o] )13l om(Table 2, Fig. 1), £5] HARIZLZA] o9 523+ domain?! C2H2 Zn finger
domain &2 ‘d5/3-s UefIItHFig. 2). o1& &all T KLF HARIZRES] 519] frdxte] 23 29lE oS58 4= glom,
KLF family & 259] FAMYESH v U S5 k=t 5% 4= T 2oz AlgHh
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