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Cloning and gene expression of sall4b gene in pig
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Abstract: sall4, a member of sall4 gene family, plays important roles in embryo development; organogenesis as well as
pluripotency maintenance and re-establishment. There are two isoforms of Sall4, Sall4A and Sall4B. The sequence of
porcine sall4 gene is still not reported. Because of its distinct role in maintaining the pluripotent state of stem cells, we
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cloned and sequenced porcine sall4 gene and assessed its expression in pig tissues and embryos. One 2 372 bp nucleotide
sequence representing the full-length cDNA of pig sall4 was obtained by 5'and 3'RACE. Analyses of putative protein
sequence showed a 70% to 80% identity with isoform Sall4B of human and mouse. Comparing with Sall4A, the identity
reduced to 30% to 55% because of the loss of a zinc-finger domain-rich fragment. Assessment of sall4b expression in
porcine tissues by Real-time PCR showed that it expressed most strongly in ovary and stronger in spleen, lung, heart and
testis. For preimplantation embryos, the expression level was lower in 4-cell embryos compared with other stages.
Immuno-fluorescence analysis of Sall4 on porcine preimplantation embryos indicated that it expressed in all the
preimplantation embryos and located in nucleus, in blastocyst it preferentially limited in ICM cells. Expression pattern in
early embryos suggest that pig sall4b is associated with pluripotency and might be a new and useful reprogramming factor

for establishing pig induced pluripotent stem cell lines.
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Fig. 1 Molecular cloning of pig sall4b. M: DNA marker; 1: PCR product for middle part; 2: 3’ RACE PCR product; 3:
5’ RACE PCR product; 4: overlap PCR product of middle part and 3’ RACE PCR product; 5: full-length of sall4 mRNA.
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GCCAATCAGCTGTCTGGGCTCATGATAAATCGCAATGCATTATTGATAATAATAATTACTGGGACATGCGCGTTCTG
GCCGAAGGGGGGTAAATTTCCCAACTCCAGGAATTTGTGGTGGAGTGGGCAAATAACCGCGGCTCTCCAAGGCTCCCCGATGCTCGCACC
[ATGTCGAGGCGCAAGCAGGCGAAACCCCAACACATCAACTCGGAGGAGGACCAGGGCGAGCAGCAGCCGCAGCAGCCCGCCGCGGAGTTT
M SRREKQAKPQHTINSETETDOAQGET®QQPQQPAAETF
GCAGATGCGGCCCCATCGGCTCCGGTGGCCGGGGAGCCCGGTGCGCCAATGAACCGCCCGGGGACTGGTGACGAGGTGAGCGCGGACGCA
ADAAPSAPVAGEPGAPMNRPGTGDETVSADA
GCCCGGATAAAGAGGCCTCGGCGAGAGGAGACCCACATCTGTGAGAAATGCTGTGCCGAGTTCTTCAGTTTCTCCGAGTTCTTAGACCAT
ARIKRPRREETHTITCETZKTCTCAETFTFSTFSETFTLTDH
AAGAAGAATTGCACTAAGACTCCCCCTGTCCTCATCATGAATGACAGCGAGGGGCCGGTGCCTTCGGAAGACTTCCCCGGGGCTGTGCTG
K K NCTZKT®PPVLIMNDSETGPVPSETDTFTPGAVL
AGCCAGCAGCCACACAGCCCAAGCAGGAAGGACACTCACAGCGAGGAGGGGGGCGGCTCCGGGGACACGAAGGAGAAGCCGGGGACCGAG
S Q QP HSPSREKDTHSEEG GSGGSGDTTE KTETZ KTPGTE
TCCGTTGTGTACTTGAAGACGGAGGCTGCCCTGCCGCCCACACCCCAGGACATAAGCTATTTACCCAAAGGCAAAGTGGCCAACACCAAT
s vVvvyYy~LKTEAALPPTPQDTISYLPZEKGEKVYANTN
GTCACGCTTCAAGCACTACGGGGCACCAAGGTGGCTGTGAACCAGCGGAGTGCGGACGCGCCGCCGGCCCCCCTGCCCGGCGCCAACAGC
vVTLQALRGTI KVY AV NQRSADAPPAPLZPGANS
ATCCCCTGGGTTCTGGAGCAGATCCTGTGCCTGCAGCAGCAGCAGCTCCAGCAGATCCAGCTCACCGAGCAGATCCGTGTCCAGGTGAAC
I PwWVLEQILCLQQQ@QLQQIQLTES® QQIRYQVN
ATGTGGGCCTCGCACGCCCTCCACTCGGGCGTGGCCGGCGCCGATGCCCTCAAGACGCTGGGCAGCCACGTGTCCCAGCAGGTGTCGGCC
M %W ASHALUHSGV AGADALIKTTLGSHVSQQV S A
GCCGTGGCTCTGCTCAGCCAGAAAGCGGGAAGCCCGGGTCTGTCTCTGGACCCCTTGAAACCAGCCAAGCTACCTCACGCTAACATCCCT
ANV ALLSQKAGS®PGLSLDPLEKPAKTLTPHANTIEP
CCCGCCGCCAGCTCCGTGTCCCCAGGGCTGACGCCCTTCGCCCTGAAGCCGGATGGGACCCGGGTGCTCCCCGGTGTGCTGTCGCGCCTC
P AASSVSPGLTPFALIEKPDGTRVYVLPGVLSTR RIL
CCGGGTGCATTGCTACCTCAGGCCCCGGGCTCTGTGCTCTTCCAGAGCCCCTTCTCCGCGGGGGCGT TAGACCCGTCCAGGAAAGGCAAA
P GALLP@QAPGSVLFQSPFSAGALDTPS ST REKGEGHK
GGGAAGCCCCCGAGTGTGTCCCCGGTGGATGGCAAACCCAAGGACGAGGCCCTCTACAAGCACAAGTGTCGAAGCATTCCATCGACGTTT
GKPPSVsSPVDGKPKDEA ALYZ KHE KT CRSTIPSTTF
ATCCGAGCCCAGCCCACCACCTACGTCAAAGTTGAAGTTCCTGGTGCATTTGTTGGTCCTGCGACCATGTCCCCAGGTATGACACCGTTG
I RAQPTTYVEKVEVPGAFVYVGPATMSPGMNTTPL
TTAGCGGCCCAACCCCGACGACAGGCCAAGCAGCACGGCTGCACGAGGTGCGGGAAGAACTTCTCATCTGCCAGTGCTCTGCAGAT TCAT
L AAQPRRQAKI QHGCTRTCGEKNFSSASALOQTIH
GAGCGCACTCACACTGGGGAGAAGCCTTTTGTGTGTAATGTATGCGGGCGAGCCTTTACCACCAAAGGCAACTTGAAGGTCCATTACATG
ERTHTGET KPFVCNVCGRAFTTTZEKTGNTLZE KVHYM
ACGCATGGGGCCAACAACAGCTCGGCGCGCCGCGGGCGGAAGCTGGCCATCGAGAACACCATTGCTCTGTTAGGGACGGACGGAAAGAGA
THGANNSSARRGRIEKTLATIENTTIALTLTGTTDGEKTR
GTCCCCGAGATGTTCCCCAAGGAAATCCTGGCCCCTTCGGTGAACGTGGACCCTGTGGTGTGGAACCAGTACACCACCCTACTCAACGGT
vVPEMFPEKETILAPSVNYDPYVWNQYTTTLTLNSG
GGGCTGGCCATGAAGACCAATGAAATCTCCGTGATCCAGAGCGGTGGCATTCCCACCCTCCCGGTGTCCCTGGGGGCCAGCTCCGTGGCC
G LAMEKTNETISVYIQSGGIUPTLPVSLGASSVA
GCTAACACCGCGCTCTCCAAGATGGATGGTTCGCAGTCAGCGATCAGCGCCGAGGCCGAGAAGCCCGGCGCCGCCGACGGGGGCGCCGCC
ANTALSKMDGSQQS ATITSAEAET KTPGAADG GG GAA
AAACACCAGTTTCCTCACTTCCTGGAAGAAAACAAGATCGCGGTCAGCTGACCATGGTGGTTCAACACCTTCCAACTTGAAATAGGGGAC
K HQFPHFILEENIKTIAYVS *
AGTCTTTGGAAACAGTTGCTCTGGGTGGTACAAAGGATTTATGTATAGTTTGTTGCAAGTAACAAAACTACTTTGCAAGACCCGCTTGTT
TCCAAAATTAAAAAAACAAAACAAAACAAAACCAAACCAACTAGTCTGTATCTGTTTTTCGCATGAATGCTGTTTGTGTTTTTGCAAAGC
AGCATAGCAACACTGGGATTGAAGGACGTGCCTGAGGTTGTGGTCACAACTGTAAACATTATTTGGACATCAATAAGAAAACAAATGGGA
GATGGGGTCTTTAATAAAAACCAAACTGCGAAAAAAAAAAAAAAA

2 ¥ salldb #BE&FF 5 R FUlN & B 55

Fig.2 Nucleotide and deduced amino acid sequences of pig sall4b. The ORF is presented above the amino acid sequences.
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Table 1 Sall4 identities between pig and other organisms

Matched species Isoform A Accession No. Identity (%) Isoform B Accession No. Identity (%)
Callithrix jacchus XP_002747722.1 50.09 XP 002742630.1 85.44
Homo sapiens NP_065169.1 49.48 AAO016566.1 83.17
Cavia porcellus XP_003463705.1 47.34 XP _003463704.1 80.19
Cricetulus griseus XP 003515126.1 43.77 XP 003515127.1 73.95
Mus musculus NP _780512.2 43.43 NP_958797.2 73.06
Canis lupus familiaris XP_543055.2 55.57
Equus caballus XP_001914775.2 51.47
Ailuropoda melanoleuca XP 002913020.1 49.76
Pan troglodytes XP514728.2 49.67
Macaca mulatta XP_001093669.1 49.67
Bos taurus NP _001179765.1 49.15
Rattus norvegicus XP_001074001.2 43.61
Gallus gallus NP_001074341.1 31.31
Danio rerio NP _001074078.1 24.78
Xenopus laevis NP _001082723.1 27.47
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Fig. 3 Alignment of conserved domain of pig, human and mouse Sall4.
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Fig. 4 Phylogenic tree analysis.
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Fig. 6 Sall4

expression pattern in pig IVF embryos.

Fz2 SIYF55 PCR &%
Table 2 Primers and PCR conditions

Annealing
. . ' ar temperature Product
Primer name Primer (5'-3") (°Cxcycle 5 ({57
number
Forward: CCCCGGGGCTGTGCTGAGC
S-mid 57x37 1 064
Reverse: AAAGGCTCGCCCGCATACATTACAC
5" RACE outer: CATGGCTACATGCTGACAGCCTA
55%20
5" GSP outer: TTACACACAAAAGGCTTCTCCCCAG
S-5’RACE 1500
5" RACE inner: CGCGGATCCACAGCCTACTGATGATCAGTCGATG
58x30
5" GSP inner: CGCGGATCCTCCACTAGTGATTTCACTATAGG
3" RACE outer: TACCGTCGTTCCACTAGTGATTT
55%20
3" GSP outer: ACCATGTCCCCAGGTATGACACCGT
S-3’RACE 841
3’ RACE inner: CGCGGATCCTCCACTAGTGATTTCACTATAGG
62x30
3’ GSP inner: ACTGGGGAGAAGCCTTTTGTGTGTA
Forward: CCCTGCCGCCCACACCC
S4b-SYBR 60x40 171
Reverse: GCTCCAGAACCCAGGGGATGCT
Forward: CCCACCGACCCCAACGAA
S4a- RT 60x40 300
Reverse: ATTCTCGGGCAGAGGCGTGT
Forward: GCCCGAAGCGTTTACTTTGA
18S- SYBR 60x40 93

Reverse: CCGCGGTCCTATTCCATTATT
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SR Sall4A FI Sall4B. 9 V. FU 45 44) () 22 S e 5
TWE LSS DNA FUHALEE 10907 50T REA T A
], 767N salldb ABFSE R b B T 23 A L
i sallda 5 salldb AUREALSA L, (HAES
FHRI®L, TS salldb H5 AR AL, W RER
W5/ BUR TR R IR TG & 8 2 BE v 4R FE DL
il 22 I R R 2 — . B, /R
NHIIRRGH octd FPRIBR 7 Y 4l AT vh i) 235
BORTR], # FIHARAG P octd JEPRIFE R 3R AMR 2
Hi g rak, /NP LR salld 5
octd FAMIBEIEI BUE RBALEINT, FeRE b sallda
AR IR SR T BE R octd DR
T RHNZ —, Wi, HR/NRMASH
sall4 J PRIV o 1) 22 53 1] BT T4 75 /N BRURITA
5% RIIRIG K Z Be e FF LA 22 S A &

o T I I E] sallda 95, PIHAS:
IR R IIE T Y sall4 JEH Real-time A6 25 S ]
PLIA A B2 salldb G INEs SR . 23k A Mk i 45

FheH U 3 e il , (HAEBRE h Rk,
FIAMEL Bl O FNEEAL AR IR R . X —
ZER5TEN salldb pffsE—2), salldb JERTE
XL AU ) R R AL R T salldb 1 RES 5iX
SO AN) R B MIReAEREAE . ZE NS R
sall4 (225 T S 3p HLR U i sallab 764451
E b X T A 2 2RI R Y A R ek T R
T~ salldb XI5 00 5 & B MU pedtdr HA 2
YEF o BJ: 240 A I 8 2 5 Mo A2 A i o i o e o 22
I Z, 454 salldb TEHE 2K U0 B Rk 1B
Ji I sall4b 19 55 1 2355 1T BE A B T4 S i A% FS AT
W, SAME SCERIER salld Ak SRR L T RE
Je s TR PO MR T N E B SN R — iR
AN sall4b Ji AT BB S AL v 5 A g B 6 24
MRy sE R ) M kB HAMEEH. 55 sall4
FHE PR 7 11 400 e A B DA R 3 1 T 4 22 e B 4
Fr b BB BB A G i 2H 45K B
T AN, R NE AT eI HAT 5% B A 43 i
IR, X Seg] 4155k salldb i) & B . 1F
VR IG 0 SR B S 56 Uk B sall4b JE PR 3Rk K
FENIREE KB A AR, FESZKG IR, salldb
BTk T 2 A 4 I B, nIREFE S T
R shzZ iy, B salldb mRNA 2 FEARE,
1M 3 SRR B IR B, salld JE PR ik a8 [
Ft, IF BT RIBREIE N A i 5/
BRI A —ZL, ¥ salldb N5 Z ettt B 8%
AHME

ZE LR, ATE RSO T4 salldb KL,
IF S5 7 A T BR /D BRI Z M A i
L3Py sallab BUBTYIE 2L W20 3145 T 44 sall4b
BRI, KRB HTIER] salldb BEH 5%
AEPE A, Wit salldb BEDUEA il et N
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