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Cluster of differentiation (CD) 24 or heat stable antigen
24 (HSA) molecule is a mucin-type glycoprotein attached
to the cell surface by glycosylphosphatidylinositol (GPI)-
anchor, promoting adhesive interactions between cells or in
extracellular matrix. The aim of this study was to determine
the not yet fully identified porcine CD24 gene and protein
structure using computational analysis and to validate vari-
ants reported in exons of CD24 gene using direct sequenc-
ing. A total of 59 samples belonging to Yorkshire, Landrace,
Berkshire, Jeju black pig and wild boar were used in the
study. Human CD24 mRNA sequences were used as a ref-
erence and subjected to BLAST searches to retrieve the
orthologous expressed sequence tags (ESTs) or cDNA se-
quences against NCBI and Ensemble databases. Assembled
ESTs and retrieved ¢cDNA sequences for the porcine CD24
gene were used for specific BLAST search to determine its
genomic structure. We found porcine CD24 gene to consist
of two exons and a relatively long intron. Second exon of
porcine CD24 gene had a long 3’ untranslated region (UTR)
and was very similar to that of human, mouse, rat, and
sheep. The sequence homology of porcine CD24 protein was
65.38-84.62%, when analyzed with amino acid sequences
of rat, mouse, human, cattle, and sheep CD24 protein. N-
terminal signal sequence, O-glycosylation sites and GPI-an-
choring signal sites were also predicted in pig, which showed
these motifs to be evolutionary conserved across the species.
Variant analysis in exonic regions of porcine CD24 among
the multiple breeds showed that only second exon contained
eight SNPs and three insertions in a 3’ UTR. Taken together,
this study reports putative porcine CD24 gene and its pro-
tein structure using in silico approaches, which will be help-
ful for any further functional studies.
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Introduction

QIZFe] CD24 wAF+= 19789 xenogenic rate] ©IF
A YA A AFom wAaEgon, dbyds Kol
heat—stable antigen (HSA) 2% W EAT[1]. CD24
+ glycosyl—phospatidylinositol (GPI) anchorell 2] 3}
At AdE ] Sl 25 7F 741 B (mucine—
type) & AlE 2 (cell adhesion) S AR [2], Al E A}O]
E AES A Atole] A Ao AEs FHEE Ve
S 7Kt} Q17F 9 wpe-~ 9] CD24 #Ak= TR N—/O0—
glycosylation siteE 7FA 1L Qlow o]& Q&) =& 723}
(glycosylation) =l uwpe} thefst EA5S 2HA] ¥ 2
= (ligand) SeldE dEbtH1]. AzFe] CD24 Ak
B ¥~ (B lymphocyte), Z5 7- (granulocyte), 3] 4| 3
(epithelial cell), =AIAFAI3E, 217 B A 3 (neuroblast)
therst Al oA A M Eo A= At dE 1],
3] CD24 312k W&ol ot Thasth, fwkek, Ay et 9
At 59 FMFEoA =2 Ao R YEETH3]. o2 st
5402 3 CD24+ 5% 7] Al (tumor stem cell)
uARZ &8 H0[1]. L Z CD24+% CD44 A9} 3 #
et E7IAZE BA8: Bd vAR &8 7hs s 4].
CD24¢t Agshs ¥AEZE CD171(LICAM), TAG-1,
Contactin s°] EA3t7, o] AFEAES vk Mol A
ANAAEL] A AAE Feshs CD24 242 vE-8-S v /)
SR EH[1]. =3 CD24+ P—selectin®ll i3t AgE2A 2
2 g-sitt, A e I M 2o A 2 E = P-selectin
I A Eo A BHEEE CD24 A 1F A8S T3 =X
2 2Fsargo] dAES Aol (metastasis) & HAHHo] 1
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2ER oM [5], 17Fe] CD24 FdAk8} P—selectin 3 &}
1 EYH AEHE UMES AV Fd o] FAHATH6].
o ofuel, CD24 A= A Wewks ) st ¥
&A= (costimulation) 7]5& 7H= Ao Rt
[7]. vE$-28) FAGA Z A B = CD247F CD8+ T
A Gsts 2dete Ves 7HAA o, FAN Al
3E Aol A el CD24 FAAte] #d Fel whet gk A
A% (naive) CD8+ T Al2+= #1-3]7] (lung—homing) T
effector A2 B= 71 AI2E f-A} (central memory —like)
T effector AIXZE 28¥ lFo] RuEATH7]. s+
2+ CD24 fd7ke] ©8 A (polymorphism) & T 74
3} (multiple sclerosis), FHE 24 #44 (rheumatoid
arthritis), A4l EFRHA 3% (systemic lupus erythema—
tosus) & 2 A7FAGAE Y ABAG S A= Ae=E
By vk Qlek(1].

AT "H oA v g5E CD24 F3A 72 E4S
Alste] A= (exon) ¥ AEE (intron) T35 el &, o
A eA e Wolg HFate] A CD24 Ak 4%l
#Het 712 ARE Awstaat egict o] FHAA JRE @
$x] med whg-3 BEE CD24 ¥4 754 JEe
te Aol 72 AR=E &8 7tsd 2o E 7 idd

of, Hob & b >

0

oo 1

[¢]

Materials and Methods

Porcine CD24 gene identification

QIZF9] CD24 +7 &S] mRNAAE (GenBank accession
no. NM_013230.3)& Query ME= o] #HA 9 Ex-—
pressed sequence tags (ESTs) database°llA] Blastn
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) searchE
e, 2 A% F 178719 Blast Hit EST A4 A1
5 FAsth o] ESTsE SeqMan (DNASTAR® La—
sergene) S ©]€3 assembly Z3} contigE A
ot AAdE contigs Query AEE o #HA 9 cD-
NAs databasel* Blastn (https://www.ensemble.
org/Multi/Tools/Blast) search® 331, 71 A3 1
HodAA 73,119,759-73,124,357 $1Al ENSSS—
CG00000031023 3127t &1 (E-value: 0.0) = It}
=] 2] ENSSSCG00000031023 3=k} A 3sle] =)
St FAAER R e as kL vheA HE 539
vl Felstk Ay g Ao A = ENSSSCG00000031023
A F9H o] RTN4IP1, QRSL1, C6orf203, BEND3,
PDSS2 & 559 447 #3319 09, /3 5 UE F

Table 1. Pig breeds used in amplifying CD 24 exon 1 and exon 2

Breeds Exonl Exon2
Yorkshire 18 18
Landrace 12 12
Berkshire 25 25

Jeju Black Pig 2 2
Wild Boar 2 2
total 59 59

2] CD24 %A+ homologueq! 222 &l 3t}

Alignment analysis

CLC Genomics Workbench 9.5.2 (QIAGEN) & ©] &3}
o A7t vhe-A HE 59 CD24 @A 4% 3 LD (cod—
ing sequence) ¥ @A A 5ol FHESG SH, phylo—
genetic tree’} A4 F 31t} phylogentic treeis T A A
AYd A}ZHE neighbor joining algorithme ©]83}
o] 443} t}[8]. Distancet Jukes—Cantor model ©]
43to] 7389 2 [9], bootstrap testE 10,000 repli—
cates® A A3} T,

Protein sequence analysis

A, AAZE, & F, e, HES] CD24 weel o
3 N et signal peptide, C ¥ GPI—anchoring sig—
nal peptide, O—glycosylation site ¢l 5 °ll:= ZtZ} SignalP
4.1 server[10], GPI-=SOM program|[11], NetOGlyc 4.0
serverg o]&3FaltH[12].

CD24 protein structure and ligand interaction
analysis

# %] CD24 @A F2:= ab initio I5& &3 A=
o} =i A CD24 @A e 7+ AAE 1He e AE oy A
£ 71sste] st o2 Aoy 9] H A4 (local min—
imum) ¢ 725 5a3ith AEA] CD62P (SELP)
a1 %= homology modelings 243t A4 = 3]
ok =4 9] CD62P @i d M AR E o] §ste] 24472 9}
el gz BAS AT o] F v £ CD62P &
W gz o F8karat sk w4 CD62P i S A
d A2 7, side chain®l 4 loop & ©E A 729 7|2 54
of gk o] FE AFg-sto] T xE 538kt

o
=
A

Regulatory element analysis

F449 ## CD24 F4+2] 5° upstream A< 2000 bp
o] tf8t CpG island search F=3& $13] EMBL—-EBI?]
EMBOSS Cpgplot tools ©]&331tH[13]. Cpgplot &4
S 913t parameter+= window size = 100, minimu length
of an island = 200, minimum observe/expected ratio =

0.6, minimum percentage of G+C = 5022 A7 & At}

Sequencing and variant analysis

S EFA oA BF-59 4% % (Yorkshire, Land—
race, Berkshire, Jeju Black Pig) % == %] (Wild Boar)
5 % 59%9 genomic DNA A% (Table 1) & ©] &3}
CD24 A9 o= 19 gl o 20 93 F54]717] 9
3to] T a2 A TS (polymerase chain reaction, PCR)
S AAEA Y. AFEE primer Y52 Table 29 WA
3tk Primer3Plus (https://primer3plus.com) & ©]&
3t primer tlAFQIo] ENSSSCG00000031023 A€ o] &
3t PCR ¥H-8-91-2 DNA 50 ng ©1%, forward primer/
reverse primer 22t 10 pmol/gl, ANTP 2} 2.5 mM, HS

2o~ = 19

Taq polymerase 2.5 units/ul, B5F5E 9o F vol—
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ume= 20 W02 23 PCR WH&-2 95 CollA initial de—
naturation (10 min) 13 AA¥ % 95T denaturation (30
sec), 62T (AE1H)/58C (A<=2%) annealing (30 sec),
72C elongation(30 sec) WH&S F 353 AAIHF O,
72°C final elongation (10 min) 13] 2 A= o},

PCR AHZ 58 MultiScreen® HTS PCR plates= AH&-3}
o] A=Atk Sequencing HH3-9& BigDye® Termina—
tor Cycle Sequencing KitE ©]&3te] DNA A& & A
H PCR A2 3w, 5x Buffer 1.75 uf, Big dye 0.5 (0,
forward/reverse primer (1.6 pmol/ul) 1 b, B+ S5
3.75 b2 930 F volume©] 10 pb7} ¥ A 3t} Se—
quencing W& 94°C 10%3F W14, 60CollA 453 an—
nealing %745 35W Wit WH-§ A= isopro—
panol/ethanol % W2 o2 AA|¥ 3 ABI 3730/3730xl
DNA Analyzers AHg-3te] EA# 179 5S Tal NdS
A4tk dojxl 271492 SeqMan (DNASTAR La—
sergene) & Abgslo] Z¥sla, EFH Wo| (variant) ¥4

off o] &= At

Results and Discussion

Structural analysis of porcine CD24 gene

ENSSSCG0O0000031023 ZAALA (ENSSS—
CT00000036499.2) Ao tidt BLASTn (https://
blast.ncbi.nlm.nih.gov/Blast.cgi) #41& 33 A3}, <4
Aol FU 9A 9 non—coding RNA (GenBank ac—
cession no. XR_002343684) &} AASATH(LAE: 100
%). SeqMan< ©]€3 ENSSSCT00000036499.2 A

4 4l XR_002343684 ALl st &4 A3}, ENSSS—
CT00000036499.2% contig® XR_002343684 A]<o]
100% ¥ A3FA 2™, ENSSSCT00000036499.2 coding
sequence9t= 100% LA Att. SeqMans o] &8k 11k
CD24 +73#F°] non—coding transcript(NR_117089.1
el NR_117090.1) 2} el 724 A4
transcript (NM_001291737.1 % NM_013230.3) A4
¥} Wl 4 AI} non—coding transcripti protein—
coding transcript A 4elA internal exon®] WA G2
oh Azrol A g} o] HA ] A XR_002343684 AL o]
non—coding RNA FAA} FZE Holx] 91l ENSSS—
CT00000036499.2 A3} A5} XR_002343684 A
Qo] annotation errors Zril Q= O E AR E

ENSSSCG00000031023 422 transcript (EN
SSSCT00000036499.2) A el tish Blast 44

¥ QIZF(NM_013230.3), ®F-2(NM_009846.2),
E(NM_012752.3)9] CD24 mRNA$% z+zt 80%, 88%,
83%2 FTYLAE AT ALE FAHSITEH o9l
T A2(XM_002690126.3), Z(XM_014735266.1), <
(XM_004011234.3), w"F7Fa9<%0] (XM_005552236.2)
o= 27t 88%, 85%, 86%, 86% % mRNA A Fo] U
3kt Wk Ensemble @ NCBI genome database
of gt BLAST #4 A, =HlA F4A4 49 ENSSS—
CG00000031023 fxx ¥ oo FHAAES] +
E 9 synteny, QIZF-wheA - YE T oThFd Fi39
CD24 mRNA MY FAMIE AR =AM ENSSS—
CG00000031023 A5 217+2] CD24 F3Ake} 45
el Qb sk AR FAEATHFig 1) [14].

H$#]2] CD24 FAAH(ENSSSCG00000031023) o ot

Table 2. Name of primers, sequence, primer location and amplicon size

Name of primers

Sequence(5°—3’)

target region amplicon size

CD24 El_4F F: GTATATAAGGTCCCGCCCGC
CD24 E1 4R R: ACGCCTCGGACTTCTCAAAG
CD24 E2 1 IF F: AATCTTTGGCTGCTGTTGCT
CD24 E2 1 IR R: TTGGGATCCTCGACATTCTC
CD24 E2 2 IF F: TGCTCTCGGTCTCCCTTCTA
CD24 E2 2 IR R: TTGGAAGTTCCTCCTAATGTACG
CD24 E2 3_IF F: AGAATGTCGAGGATCCCAAA
CD24 E2 3 IR R: AGGGTCATTCCAATCCATCA
CD24 E2 4 IF F: ACTCTTTCCTCTGGGGCTTT
CD24 E2 4 IR R: GGGAGGGAAATGACTTTGGT
CD24 E2 5 IF F: TGTGATGTGGAACAGAGATTCA
CD24 E2 5 IR R: GCTTCCAGTCTTCACTTTCCA
CD24 E2 6 3F F: GCCTCAATGCAGAGAAACCT
CD24 E2 6 3R R: GACCTTGTCCAGCATGTTCA
CD24 E2 7 IF F: AAGGCAATCATGTGAATGAGC

CD24 E2 7 IR

R: TTCCTTGCGTTGGAAAGACT

5’ flanking-Exon1 523
Intron-exon2 546
Exon2 525
Exon2 535
Exon2 683
Exon2 591
Exon2-3’flanking 652
Exon2-3’flanking 619
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Gene expression databases(Bgee, Genvisible) search
Az, A Al 219 HA oA ddFE 94, A, =,
b, 2%, A, 2% 3 3 A A sollA wd
1= Aol #elEelom[15, 16], PEDE (Pig Expression
Data Explorer) databasel[17]°lAl ¥ &2 full-length
cDNA library A1 9 (GenBank accession no. AK235648.1
4 AK392842.1) 7 99% U A8t =A< 2] CD24 4
2 e & gl it

HAe CD24 A= 1W F¥A (reverse strand)
73,119,7569-73,124,3579 A el A5t KA A
ol& 4599 bpel™ 1,841 bp ZHolol HAMA (ENSSS—
CT00000036499.2) & A€t} ©] transcripti= T 719
AN (exon) F JAEE (intron) $F /MZ FAAH S <l
< GT/AG rules Witk (Fig 1). 9 171, d& 29,

< 717} 160 bp, 1681 bp, 2758 bp AololH, <&
WM& 53], 1513 bp dol9 71 3 UTR (untranslated
region) & 7FA 1 Q1 TH(Table 3). o]l ¢k 2= 1%k »)
2, HE 59 CD24 FAAF 29} fAFskglth[14, 18].

Transcript A@e] dlste]  ORFinder (https://www.
ncbi.nlm.nih.gov/orffinder) & ©]-& 3%k ORF (open reading
frame) search A ¥ % 1871 9] ORFs7} &7 = ¢l th. ORFsel
tf &t Blastp % SmartBLAST search 23} 78711 9] o}u] At
= Y@ sleb 237 bp 4o) 9 2 ORF7F AZE 7k oy}

E =
Eq
ol E
JE

i
=
i

Do

T2 9] CD24 =l A7) 717} A G = 9t} B3k o] ORFE]
ot Al M A-E transcript (ENSSSCT00000036499.2)
o] W9 obr] = AH¢l ENSSSCP00000029101 A€ 100%
A a3k, #x 2 CD24 F3 A2 HAMNA M E-L tran—
script A2 92HAFE AlZEm HYFHE= 328WA
ol A Ete},

Alignment analysis
A o} A, vk A E Y F 9 FFA &
-

sy O
ing sequence 34 A¥ (Fig 2), #A 9 mzdAdy 77

Yebdth 6% EF coding exon©] 27 ol#, 53] cod-—
ing exon 1We Fx7F HAMAl FZE=(ATG) S ZHEH
% 69 bp Aol AEE 71 coding region®E TAH
3th. Coding exon 2W2 =|#], QI7F vp-2 Y EA =
ATTTAR BREE G2 A& o] 242} 168 bp, 174 bp,
162 bp, 162 bp Z°]¢] coding region®. = F+A = AT &
g el A= ACTTAR BEFE YR A12HE 2F 165 bp Y
168 bp Z0°]9] coding region® & T4 ¥ At}

Ch24 weid A4 A4 A3} (Fig 3), #AY Ch24 &
wAe Aoy gskd Yol (Black—capped squir—
rel monkey) 9} 87.18%9% 7} =& FYAS YERATH
T3 Az, vk AE, &, S M7 77.78%, 66.67%,

Pig Chromosome 1 - NC_010443.5

(A)

RTN4IP1 (mm— CD24 @

LOC110260421 < LOC100521350 »
QRSL1 ) C6orf203 »

73120000 73121000 73122000 73123000 73124000

(B) | | | | |
CDS CDS
3 UTR| | il ]5 vr
Exon 2 Exon 1

Fig. 1. (A) Chromosomal location of porcine CD24. Porcine CD24 is located between RTN41P1 and C60rf203 at chromosome 1 on
reverse strand. (B) Genetic structure of porcine CD24. Porcine CD24 sequence includes 2 exons and 1 intron.

Table 3. Structural characterization of porcine CD24 gene

Type Chromosomal location(Reverse) Region in gene Amino acid encoded
Exon | 73,124,357-73,124,198 1-160 1-23
Exon 2 73,121,439-73,119,759 2919-4599 24-78
73,124,266-73,124,198 92-160 1-23
ps 73,121,439-73,121,272 2919-3086 24-78
5'UTR 73,124,357-73,124,267 1-91 None
Intron 73,124,197-73,121,440 161-2918 None
3'UTR 73,121,271-73,119,759 3087-4599 None




Structural analyses of putative porcine CD 24 gene 5

65.38%, 82.05%, 84.62% 2] identity & HAFATEH &, = 100 -
3}x (Zebra finch), A& (Society finch) 2F 2& 272}
= 272} 49.44%, 48.28%, 48.86% 2] LS LFEFATE

CDh24 9 d Ad A4 A3E EdE 24 % phyloge— 60
netic tree (Fig 5) & #A 9] CD24 w¥ o] 4 A, F3)

B % identity of coding sequence

40 + 1 % identity of protein sequence
#o] WIEF (ruminantia) & X344 A 7b 74 747k A
o BAHGoM, I vgorE A2 Wy tgd A% @
°] (Black—capped squirrel monkey) &} 7F7-2th, ##] 2] o
CD249]' Zlﬂ_;_(jl _Q_E 7]_% u‘i 3,1:1_7:”_15 %ﬂ'i (Zebra fmch) Human mouse rat cattle sheep
?'l A7t (Society finch) £l CD%L% ?gi srEbR = Fig. 4. Coding sequence and protein sequence identity of hu-
g, =% 9] CD24 9} 17k} CD24+= vk 8l gl E2] CD24 man, mouse, rat, cattle and sheep CD24 aligned to pig CD24

20 40 60 80

I I | |
Pig ATGGGCAGAGCGATGGTGGCCAGACTCGGACTGTGGCTGCTGCTTCTGGCACTGCTCTTACCTACGCAGATTTATTCAAATCAAACAACT 90
Human ATGGGCAGAGCAATGGTGGCCAGGCTCGGGCTGGGGCTGCTGCTGCTGGCACTGCTCCTACCCACGCAGATTTATTCCAGTGAAACAACA 90
Mouse ATGGGCAGAGCGATGGTGGCCAGGCTAGGGCTGGGGTTGCTGCTTCTGGCACTGCTCCTACCCACGCAGATTTACTGCAACCAAACATCT 90
Rat ATGGGCAGAGCGATGGTGGTCAGGCTAGGGCTGGGGTTGCTGCTTCTGGCACTGCTCCTACCCACGCAGATTTATTGCAACCAAACATCG 90
Cattle ATGGGGAGAGCGATCGTAGCCAGGCTCGGACTGGGGCTGCTGCTTCTGGCGCTGCTCTTACCTACGCAGACTTACTCAAATCAAACAACT 90
Sheep ATGGGGAGAGCGATCGTAGCCAGGCTCGGACTGGGGCTGCTGCTTCTGGCGCTGCTCTTACCTACGCAGACTTACTCAAATCAAACAACC 90

100%
o%
140 160

100 120 180
1 1 | 1 |
Pig CTTGTAACAGTTTCAAGTAACTCCACCCACAGTACTTC--------- GGCCGCCCCCAATCCAGCGAATGCCACCACCAAGGCAAGTGAC 171
Human ACTGGAAC---TTCAAGTAACTCCTCCCAGAGTACTTCCAACTCTGGGTTGGCCCCAAATCCAACTAATGCCACCACCAAGGCGGCTGGT 177
Mouse GTTGCACCGTTTCCCGGTAAC- - - - - - CAGAATATTTCTG-==-=-=--=--- CTTCCCCAAATCCAAGTAACGCTACCACCAGAGGGGGTGGC 165
Rat GTTGCACCATTTTCCGGGAAC- - - - - - CAGAGTATCTCTG--------- CTGCCCCAAATCCAACTAATGCTACCACCAGATCTGGGTGT 165
Cattle GTTGTAACACC---AAGTAACTCCTCCCAGACTACCTC---=------ ACCTGCCCCTCATCCAGCCAATGCCACCACCAAGGCAAGCGAT 168
Sheep GTTGTAACACCTTCAAGTAACTCCTCCCAGACTACCTC--------- ACCTGCCCCTCATCCAGCCAATGCCACCACCAAGGCAAGCGAT 171
100%
Conservation
%
200 220 240

I I |
Pig GGTGCTCTGCAGTCCACAGCCAGTCTCTTCGTGCTCTCGGTCTCCCTTCTACATCTCTACTGTTAA 237
Human GGTGCCCTGCAGTCAACAGCCAGTCTCTTCGTGGTCTCACTCTCTCTTCTGCATCTCTACTCTTAA 243
Mouse AGCTCCCTGCAGTCCACAGCTGGTCTCCTGGCTCTCTCTCTCTCTCTTCTACATCTCTACTGTTAG 231
Rat AGCTCCCTGCAGTCCACAGCCGGTCTCCTGGCCCTCTCTCTCTCTCTCCTACATCTCTACTGTTAG 231
Cattle GGTACTCTGCAGTCAACAGCCAGTCTCTTTGTGATCTCGGTCTCCCTTCTACATCTCTACTGTTAA 234
Sheep GGTACTCTGCAGTCAACAGCCAGTCTCTTTGTGATCTCGGTCTCCCTTCTACATCTCTACTGTTAA 237

gt 01 A

Fig. 2. Coding sequence of pig CD24 gene, compared to the human (NM_013230.3), mouse (NM_009846.2), rat (NM_012752.3),
cattle (XM_002690126.3), and sheep (XM_004011234.3) coding sequences.

20 40 60 80

| | | |
Pig MG- - - -RAMVARLGLWLLLLALLLPTQIYSNQT---TLVTVSSNSTHSTSA- - -APNPAN- -ATTKASDGALQSTASLF-VLSV¥SLLHLYC 78
Black-capped squirrel monkey MG- - - -RAMVARLGLGLLLLALLLPTQIYSNQT---TVMTVYSSNTSQSTSA- - -APSPAN- -ATTKAAGGALQSTASLF-VVSLSLLHLYC 78
Chimpanzee MG- - - -RAMVARLGLGLLLLALLLPTKIYSSET---TTGT-SSNSSQSTSNSGFAPNPTN- -ATTKAAGGALQSTASLF-VVSLSLLHLYS 80
Human MG- - - -RAMVARLGLGLLLLALLLPTQIYSSET---TTGT-SSNSSQSTSNSGLAPNPTN- - ATTKAAGGALQSTASLF-VVMSLSLLHLYS 80
Crab-eating macaque MG- - - -RAMVARLGLGLLLLALLLPTQIYSSVT---TSAPLSSNSSQNTSTT- --PNPAN- -TTTKAVGGALQSTASLF-VVMSLSLLHLYC 78
White-tailed deer MG- - - -RAIVARLGLGLLLLALLLPTQTYSNQT---TVATPSNNSSQTTSP- - -APHPAN- -ATTKASDGTLQSTASLF-VISVSLLHLYC 78
Cattle MG- - - -RAIVARLGLGLLLLALLLPTQTYSNQT---TVVMTPSN-SSQTTSP- - -APHPAN- -ATTKASDGTLQSTASLF-VISVSLLHLYC 77
Sheep MG- - - -RAIVARLGLGLLLLALLLPTQTYSNQT---TVVTPSSNSSQTTSP- - -APHPAN- -ATTKASDGTLQSTASLF-VISWVSLLHLYC 78
North American beaver MG- - - -RAMVARLGLGLLLLALLLPTQIYSNQT---TTLPLSSNVAQNTST- - -PPNPTN- -ATTRGGGNALQSTAGLL-VVSLSLLHLYC 78
Mouse MG- - - -RAMVARLGLGLLLLALLLPTQIYCNQT---SVAPFPGNQNISAS- - - - - PNPSN- -ATTRGGGSSLQSTAGLL-ALSLSLLHLYC 76
Rat MG- - - -RAMVVRLGLGLLLLALLLPTQIYCNQT---SVAPFSGNQS/|ISAA- - - - - PNPTN- -ATTRSGCSSLQSTAGLL-ALSLSLLHLYC 76

Society finch MG- -MGTALAARLGLGLLLLALLLPTQIYCGTTTNGTSPTPSNSSSTSSTSLSAVTINSLNS-TTTHGHGNSLHSTTSLFFILSVSLTYFCC 88
Zebra finch MG- -MGTALAARLGLGLLLLALLLPTQIYCGTT-NGTSPMPSNNSS-SSTSLSAVTHSLNS-TTTHGHGNSLHSTTSLFEILSVSLMYFCC 86
Chicken MGTAVGTALAARLGLGLLLLALLLPAQIYCDP- -NGTSPTPSNNSSASST- LPAAVNSLNS - TTAHGHGNALHSTTSLLEVLSVSLLYFECC 87

American alligator MG- - - -TALAARLGLGLLLLALLLPPQIYSDP--NGTSPAPSNNSAASSTSLPAITNSLNNNT TPPGHGNCLQSTTSLL-IVSISLLHLCC 84
Consensus MG- - - -RAMVARLGLGLLLLALLLPTQIYSNQT---TVXTPSSNSSQSTSX---APNPAN--ATTKAXGGALQSTASLF-VXSXSLLHLYC
100%

Conservation

%

Fig. 3. Alignment of CD24 protein sequences for pig and other species. Sequences used to be aligned are: Pig (ENSSSCP00000029101),
Black-capped squirrel monkey (XP_003940859.1), Chimpanzee (XP_016783410.1), Human (NP_037362.1), Crab-eating macaque
(XP_005552293.1), White-tailed deer (XP_020748037.1), Cattle (XP_002690172.1), Sheep (XP_004011283.1), North American bea-
ver (XP_020025676.1), Mouse (NP_033976.1), Rat (NP_036884.1), Society finch (XP_021409441.1), Zebra finch (XP_012428159.1),
Chicken (NP_001264664.1), and American alligator (KY024678.1).
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; American alligator

Crab-cating macaque
Human

Chimpanzee

Cattle
White—tailed deer
Sheep

Pig

Black—capped squirrel monkey

0150
Than 0.0075 are

Granches shortar Shown a5 having [ength 0.0075

Fig. 5. Evolutionary relationship of CD24 for pig and other
species. The bootstrap values (in percent) are displayed on the
nodes. The scale bar was produced using Jukes-Cantor model
and Neighbor Joining algorithm.
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Fig. 7. Modeling of porcine CD24 protein and its ligand.
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Fig. 6. Molecular basis of CD24 protein. It indicates the putative N-terminal signal peptide predicted by using web-based SignalP 4.1
server (grey box), O-glycosylation sites predicted by web -based NetOGlyc 4.0 server (yellow box) and the C-terminal cleavage site
for GPI-anchor attachment pr>edicted by using GPI-SOM program online tool (red box).
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Regulatory element analysis
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Fig. 8. Potential CpG island of 5’ upstream region (2000 bp) of
porcine CD24 gene. CpG island was predicted to be located at
-1322 ~-1945 bp (624 bp length) of 5’ upstream region.

ol 91| gheh[28]. CpG island W2l CG Hl&-2 ot
AA Jdnt =& AS worh[28]. CpG island?]
717} W2 3} (methylation) ¥ 42} @He o] A =
W E e ko wheo] ¥ th[28]. CpG plot
A, HA] CD24 A7} wEghe] o&] Hao] =4
FAALE AST = ATt

rr _Lu r-?:—: 2 :(O

=
=
C
=
g
X
i

Sequencing and variant analysis
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7N EZ = AT (Table 4). 53] A& 2H 405-406W A4
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Conclusion

A CD24 3 A= 19 AAA (reverse strand)
73,119,759-73,124,357" A el $A|35t3L 1,841 bp A
o] 9] AAFAI (ENSSSCT00000036499.2) & XWEIE} o]
AAH = & 27 2 AEE 12 o] FoA ar, 787

Table 4. Identification of variants in CD24 exon 2 regions by direct sequencing

Number Variant Identifier Type Alleles Location Position in exon 2

1 rs55618946 3 prime UTR variant(SNP) A/G 1:73121127 313

2 rs713584359 3 prime UTR variant(insertion) -/T 1: 73121034-73121035 405-406
3 rs706616385 3 prime UTR variant(insertion) -/GC 1: 73120612-73120613 827-828
4 rs790426640 3 prime UTR variant(insertion) -/GC 1: 73120610-73120611 829-830
5 1331922723 3 prime UTR variant(SNP) C/T 1: 73120579 861

6 15329591309 3 prime UTR variant(SNP) G/A, 1: 73120478 962

7 15339959126 3 prime UTR variant(SNP) T/A 1: 73120363 1077
8 rs325701717 3 prime UTR variant(SNP) A/G 1: 73120125 1315

9 rs338183039 3 prime UTR variant(SNP) A/G 1: 73120016 1424
10 rs319863463 3 prime UTR variant(SNP) C/T 1: 73119996 1444
11 rs327523523 3 prime UTR variant(SNP) G/C 1: 73119980 1460
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