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Abstract: MORF4L2 is a transcription factor involved in heterochromatin assembly and histone modification by forming the

NuA4 histone acetyltransferase complex, which plays an important role in cell growth, proliferation, and apoptosis. In order

to explore the function of MORF4L2 in red deer (Cervus elaphus) velvet antler, gPRC was used to detect the mRNA ex-

pression level of MORF4L2 gene in different tissues of deer antler. The CDS sequence of the MORF4L2 gene was cloned

by PCR. Similarity analysis of mRNA sequences of the MORF4L2 gene was performed by multiple species comparison and

phylogenetic tree was constructed. The structure and physicochemical properties of MORF4L2 encoding protein were pre-

dicted and analyzed by bioinformatics method. The results showed that the mRNA relative expression of MORF4L2 gene

was the highest in precartilaginous layer of deer antler. The mRNA sequence of the MORF4L2 gene in red deer is highly

conserved, with the highest similarity to that in C. canadensis. The total length of the CDS region of MORF4L2 gene in red

deer is 864 bp, encoding 287 amino acids, and the theoretical isoelectric point is 9. 73, which is a basic protein. It was pre-

dicted that there was no signal peptide present in the MORF4L2 protein of red deer, and there were 30 potential phosphate

sites. The protein structure is mainly composed of random coils and alpha helixes, where proteins are mainly located in the

nucleus. This study provided basic data for the important role of MORF4L2 in the growth and development of the red deer

velvet antler.
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Tab. 1 Cloning primers of the CDS region and qPCR primers of MORF4L2 gene in red deer

HEH GlL/2]l BJGREE /°C H R BRI bp H i
Gene Primer sequence Annealing temperature Product sequence Objective
F:5'-TCTCAAACTCGTGGACACCA-3’
MORF4L2 58 197 qPCR
R:5'-TTCCTCACCGATCCTGATGG-3’
F:5'-TCACTGCCACCCAGAAGACC-3’
GAPDH 60 100 qPCR
R:5"-GCAGCGCCAGTAGAAGCAGG-3’
F:5'-ATGAGTTCCAGAAAGCAGGGTTCTCA-3'
MORF41.2 62 864 il

R:5'-TCACAGGGCTTTGCGGTGG-3'
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JE RNA MR JE 5 5t . (&4 89 RNA KR AE R
A, F eDNA & 53k %) & (Hifair I 1st Strand
cDNA Synthesis SuperMix for qPCR, |- % 3¢ 4E %l
B PR FD ) K 4 Fh 4200 8 RNA #E47 K56 s B
cDNA, =20 ‘CI#17
1.4 MORF4L2 JE WAL L R B H AL 4h iy
mRNA FX A5

A3 9 4 T4 2060 cDNA 1B R BEHR , LA GAPDH
SE RSN 2 50 B8 R gPCR (56 5% 42 B PCRAY Y =
CFX96, 3% [# Bio-Rad 7 ] ) M % B F: 45 41 4
MORF4L2 5 [H ) mRNA ik K-, PCRY A R
(PAASFLEMR RN 100 pl) A 1.0 L, b FiF
514145 0. 4 pL,ddH,0 3.2 wL,2 x SYBR Green qPCR
Master Mix (Selleckchem 2% 7] ) 5.0 wL. 8 FH B A1k
Bio-Rad CFX Manager 3. 0 H* %) 1l 3 % 48 CFX_RT_
qPCR+Melt/E AT R T . AR 3 FLE & .
1.5 BdkgeikSobr

DL JE R B )2 MORF4L2 ZE R ) mRNA
FEIRAEANE R HRAL i FH 2722 )5 i A R A5 L 4
HH MORF4L2 &7 i) mRNA A % #3155, F| ] Graph-
Pad Prism 8. 0. 2 (A T8 53 IO TAE ], R e f
B UEATN FL A, P < 0. 05 KR 22 53 B 25
1.6 THHE MORF4L2 J:H CDS XIT) vl Sl

% 18 2 x Rapid Taq Master Mix ( Fg 5L i MEHE 4= 4
PHE A A IR A FD UL S L& PCRIA R, LU 2
ZH 2 B RNA A 5 cDNA R P38 MORF4L2 &

f¥) CDS /751 (PCR {X B! 5 SEDI-G, g % 5 A R
). PCRIAFR CEAR20 pL) 45 ddH,0 6 pL, I+,
TUEGI P45 1 pl, cDNA B 2 wL, 2 x Rapid Taq
Master Mix 10 wLo 74 791 1 19% S5l i i ik
I ( H, 3K AL B S PowerPac HV , 35 [E] Bio-Rad 2 ] ;
BEHE AR R G AL5 KETA GL, R e A RA A,
DL5000 DNA marker( 5424 T AR (K8 A RAF),
TE AN HTAX (L5 WD-9403F , L/ — {48 ) o
DTN F A 250 B 7E A BEIE R, AR 4 DNA 24k 107) &
(P L VA MERE R WD REE B3 A BR 2 w1 ) B 45 [mDISci5E
feerb iy H i 25 o (8 pMD-197T 2 A3l £ (52 4=
Py AR (KRG8 ) A PR 7)) [ 454 5 pMD-19T %
PR AR : ddH,0 2 wL, B ™ ) 2 L, pMD-
19T #4K 1 WL, Solution 1 5 WL, 16 ‘CSZ % 30 min. #f
7 W) e A 2 DHS o 2832 25 200 0 (1 76 W 2R )
BARAGRAF) b, WRATTE S 2N B LB R JR 4 I,
37 Cil B IR, PR T 7 B8 TR B R Je AT T
# PCR %2 5E , 2890k (Y Bk 2 RUA AR W)
BARABRA T
L7 EPER b LR

M NCBIEUHE 176 v 3145 2 4~ ) Fh MORF4L2 1)
mRNA #5645 5 JE 58K (Canis lupus familiaris) |
4 =F (Owis aries) | 85 4 (Bos taurus) | 7K 4 (Bubalus
bubalis) . B (Equus caballus) . % % (Sus scrofa) . N
(Homo sapiens) /N B (Mus musculus ) Fl N5 K 5
JEE (Cervus canadensis) , 1] | DNAStar H' (Y] MegAlign
A HE AT AR L 23 A, B MEGATT #
MORFAL2 H N R GEHEALRY

| FH 7E 28 1. E. ProtParam (https://web. expasy.
org/protparam/) 73 HT MORF4L2 £ H 09 B AL 4 it , #1
H 1E 28 T. H ProtScale (https://web. expasy. org/




Fa o H%: DEEMORFALZHARIL | FEN ve b S WS B b 7T

protscale/) 73 Hr MORF4L2 & 11 1Y i K 1, 1 FH 7E 26
A4 NetPhos-3. 1 (https://services. healthtech. dtu. dk/
service. php? NetPhos-3. 1) filill MORF41.2 £ [ i %
iz Ak A i, A FH 76 2% 311 SignalP-4. 1 (https : //ser-
vices. healthtech. dtu. dk/service. php? SignalP-4. 1)
P MORF4L2 £ 1 15 7 ik, FIl HI 78 & T. & WoLF
PSORT (https : //wolfpsort. hge. jp/) ¥f MORF4L2 &
HEAT A0 7 573 A , A TR 2R KA SWISS-MODEL
(https: //swissmodel. expasy. org/) ¥4 H MORF4L2 & H
) = g 45 kg, | I 7E 28 T & PRABI-GERLAND
(https : //npsa-prabi. ibep. fr/cgi-bin/npsa_automat. pl?
page=/NPSA/npsa_seccons. html) 3t MORF4L2 & [
R

2 HERE5HH

2.1 MORFA4L2 } FAE TS G i 1 25 4 aLrp % M AT
Kk

;I 5 g g 4 2 21 b MORF4L2 2 R ()
mRNA % ik 7K, fli | GraphPad Prism 8. 0.2 43 #7
qPCR $0 G 25 J | 45 5 R - MORF4L2 3R 7E 8] 78 Ji
R R R h Bk AR, FEACE R R R
RS TR R HARE(P>0.05), M7 fE
HRCE R h Rk e, B TREE BEZ
B FEFE R E (P <0.05;K 1),

25r

g
o

— [—
S W
T T

mRNAMIG AT
Relative expression of mRNA
e
N

Rz MEEZE KR
Cartilage Mesenchyme Skin

4141257 Tissue type
NG FRERRFRR 22 5 3 (P < 0.05) 5
The different letters on the shoulder marker indicate significant dif-
ferences (P <0.05).

Bl DEBEBEARNRALDS MORF4L2 EE mRNA BT &R

kB

R )2

Precartilage

Fig. 1 mRNA relative expression of MORFA4L2 gene in different tissues

of red deer velvet antler
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Fig. 2 PCR amplification result of MORF4L2 gene CDS region in red
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HRUE/% Percent identity
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9 101 | 99108 | 105|106 | 43| 52| 6.0 87.8 9 N Homo sapiens
10 (173 1175|175 [ 172 | 17.9|13.1 | 145 | 13.5| 13.5 10 | MK Mus musculus
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Fig. 3 mRNA sequence similarity of MORF4L2 gene in red deer
9 K4 Bubalus bubalis
93 4 Bos taurus
100 Y2 Ovis aries
48 INE R RE Cervus canadensis
100 Y& Cervus elaphus
BFJE Sus scrofa
KR Canis lupus familiaris
73 5 Equus caballus
34 N Homo sapiens
/NG ER Mus musculus
0.01
| FSE—

B4 MORF4L2EE RGHLH
Fig. 4 Phylogenetic tree of MORF4L2 gene
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Tab. 2 Composition of amino acids of MORF4L2 proteins

IR SRR 7% IR SR 14 e /%
Amino acid Number Percent Amino acid Number Percent
AR Ala 26 9.1 FEEIR Leu 27 9.4
KR Arg 19 6.6 TR Lys 29 10. 1
KA MR Asn 14 4.9 FH 7% S R Met 7 2.4
KAH IR Asp 12 4.2 AN R Phe 8 2.8
SR Cys 1 0.3 [l 1% Pro 18 6.3
B R BN Gln 15 5.2 2258 R Ser 19 6.6
B AR Glu 20 7.0 NG R Thr 13 4.5
H& Gly 20 7.0 {5 R Trp 3 1.0
21 R His 5 1.7 fifs 2 R Tyr 11 3.8
SR Tle 5 1.7 BB Val 15 5.2
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-4 i i i i i . N N s N L
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C D
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X E
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o
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=]
=
A —
0 1 1 1 I 1 N \d‘v
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F¥-51437 55, Sequence position

P s | | 3 % TR TR TR
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Y313 4, Sequence position

A. MORF4L2 3 Fgi K PE T 3 B. MORFAL2 8 15 5 JIRTIU ; C. MORFAL2 8 P FERERR AL A7 mi 00 5 D. MORFAL2 25 11 = 2R 4544 Bl 5
E. MORFA4L2 3 FH "4l b i G2 AU o- MR8, 5 @ A R TN & il , 2L L AURIE MR EE , 2 (AR AR B-FE A

A. Hydrophobicity prediction of MORF4L2 protein; B. Signal peptide prediction of MORF4L2 protein; C. Prediction of potential phosphorylation
sites of MORF4L2 protein; D. Prediction of the tertiary structure of MORFAL2 protein; E. Prediction of the secondary structure of MORFA4L2 protein,
among them, the blue line represents the a-helix, the purple lines represents the random coil, the red line represents the extended strand, and the green
line represents the B-turn.

5 L REMORF4L2 FE R EMFNIRIL 4R

Fig. 5 Analysis of the structure, and physicochemical properties of MORFA4L2 proteins in red deer
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