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WE: [ Ay ] il Fe B @B it (Nibea coibor) 1 BIRIFEH o2 (COLIA2) FEH, A H > THHE . 4141
Oy AR MR 2R, R SRR R HL A 5 24 e Be JE Al . [ 7k ] il ad cDNA R PE Y 1 (rapid
amplification of cDNA ends, RACE) HiARSAGH @A L0 COLIA2 SN A KIFH, FIFHAYIE B2E0 st
HBT RGN, T THIE AR IR, [ 4558 ] COLIA2 cDNA B3I 5826 bp, 4ifi 1 352 &
JEW% . BLAST [RIUR I LT RT R GE b AL 0 AR B IR BB Il 10 5 KB 0 (Larimichthys crocea) [F)J& £1 1 faF}
(Sciaenidae), R K FRIIT, HWi#E COLIA2 Y& IR 7 5 MR L i 5 (96.60%). AEWIE B s
COLI1A2 Z b6 & B HEsh W) T B JFAE (AT FRAE, WAIFAME 50K . C-RTARAN N-FiRRSS fsl L & =5
BRSELE RIS . QRT-PCR Z5 50 /R . BB COLIA2 FE ik B8 w5 T HABA L (P<0.05), HREHTE
ARHL A S8 [ 458 ] AU E ek TR G 4l COL142 5:1H (GenBank % 5%%5
MK641513), %KL 1941 2 3k Re 5 2 5 R IR VAR 11 25 AL TR R 2 — o BFSR 25 5 B FIR ARSI
JREE A E YA s R

LR WAL ; COLIA2; cDNA Fil; Fak4Mr; HZ4M TR
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Abstract: [ Purpose] This study cloned cDNA of COLIA2 gene from Niber coibor, analyzed the

molecular characteristics, tissue distribution and expression of collagen, to lay a theoretical founda-
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tion for the study of collagen metabolism mechanism in fish. [ Methods] The full-length sequence
of COL1A2 gene of N. coibor was obtained through rapid amplification of cDNA ends (RACE) tech-
nology, and then systematically analyzed using bioinformatics analysis method to explore its molecu-
lar characteristics and tissue expression. [ Results ]| The COLIA2 cDNA was 5 826 bp in full-length
and encoded a polypeptide of 1 352 amino acids. BLAST homology comparison and phylogenetic tree
analysis revealed that the N. coibor and Larimichthys crocea should belong to Sciaenidae, having the
closest relatives, and the amino acid sequence homology of COL1A2 was the highest (96.60%).
Bioinformatics analysis showed that COL1A2 contained all the characteristics of type I collagen in
vertebrates identified, such as the same signal peptides, C-propeptide and N-propeptide domains,
triple helix domains and so on. qRT-PCR results showed that the expression level of COLIA2 in the
swim bladder of N. coibor was significantly higher than that in other tissues (P<0.05). It was consist-
ent with the distribution pattern of collagen in different tissues. [ Conclusion ] The COLIA2 gene of
N. coibor (GenBank accession number: MK641513) is cloned for the first time. The tissue expression
specificity of this gene is one of the reasons for the differential depositon of collagen. The results of

the study will help to further study the collagen biosynthetic pathway and regulation mechanism in N.

coibor.
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FZ k£ (Oreochromis sp.) ' B %58 T A
KAV I A 1 o 3% W e i 2 1 FE i 22 2
S EE RS . PETSRIRGA . 1 AR
HH 2 4% al Fl 1 4% o2 ZRREEAIRL, 3l 1 BYj
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PPN G = TRAIR T . ARG IR ik T ik {0
W hhith COLIA2 B, srir A5 MmIee, JExT
HoABEAT 8 A ZUrp it Ji7 8 1 430 A1 ). COL1A2
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HErd

1 MREEZ%

1.1 B AR

2018 4F 11 ARk K2 g M o i SR 4 T
6 RO L, EATAHLUES (BFE. DL . /)
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FHF T R IR i 2 1 B )
1.2 L RNA 30N cDNA %5 1 B85 1L

M4 Trizol (Invitrogen, USA) {7 i HH 45,
fi & — S AR BUNL R ZH 20T 9 4 RNA,
I 1.2% ZEBEWEEE RS o i H e B R i it
F| ] Nanodrop®ND-2000 43576 & 11 (Thermo Sci-
entific NanoDrop, USA) ] 7& 260 nm/280 nm 4k
I OGEE , B RNA MR AW, 4% cDNA
Synthesis Super-Mix Kit (Trans Gen, dt5%) UiHH-H
K S RNA S S cDNA,  cDNA FE AR A7k 78
—20 °C F§F qRT-PCR 43#7. # SMARTer RACE

cDNA Amplification Kit 15i#H4; (Clontech, USA) &
J& cDNA 5 1 5%, 7¥177 T-20 C, HIT cDNA
AR PR IEP 4 (rapid amplification of cDNA ends,
RACE) 5%,
13 519t

4 NCBI K R K ¥ M (Larimichthys cro-
cea). Wffh (Siniperca chuatsi) Ffifi fi (Micropter-
us salmoides) %5 Y] COL1A2 cDNA JF 51| {5 X,
| A Primer Premier 5.0 {4 (Premier Biosoft In-
ternational, USA) & it H 19 3 K 0958 551 )
(FE 1o

®1 COLIA2 BARERFESNAFRSIMIFFINGESR

Tab. 1 Primer sequence information used for the cDNA cloning and expression analysis of COL/A42

iz R AT HZE, 5151 (5—3)
use gene name primer number primer sequence
RI1-C1A2F GTCTTCAGGGATTCGTTGGT
RI-C1A2R GGCGAGATGGTTTATTTGTTC
R2-C1A2F GGATTCTGTTGCTGCTTGC
RACE-PCR COLIA2
R2-C1A2R AGGTCCCTGTTCTCCCTTCT
R3-C1A2F GAGTTGTTGGTAATGCTGGTGA
R3-C1A2R GTGTTGAGGGACTTGATGGTG
Cl1A2-51 CCCGATTGACATGATGCTAGGTATGAA
Cl1A2-52 CCAACATTGCCGTCAGCACCAC
5'/3'RACE COLIA2
C1A2-31 AGTCCCTCAACACTCAGATCGAGAACCT
C1A2-32 GGCAACAGCCGCTTCACCTTCT
COLIA2 Q-COL1A2F CAAGAACAGCGTTGCCTACAT
1A
Q-COL1A2R ACGGAGAAGGTGAAGCGG
qRT-PCR .
P B-actinF GGTTACTCCTTCACCACCACAG
-actin
B-actinR TCCGTCGGGCAGCTCATA
cDNA synthesis Oligo- AAGCAGTGGTATCAACGCAGAGTACXXXXX
UPM (long) CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT
RACE-PCR UPM (short) CTAATACGACTCACTATAGGGC
NUP AAGCAGTGGTATCAACGCAGAGT
. MI13F GTAAAACGACGGCCAGT
PCR screening
MI3R ACAGGAAACAGCTATGAC

e “XPEEFISMARTer Oligo)3 41 o R A I A «
Note: “X” represents the undisclosed base in the proprietary SMARTer Oligo sequence.

1.4 RO COLIA2 FeR0 P B
MRS Y791 B e e sems, LAk i dihi fa L
ALY cDNA SRR , SR FIR AR ) R GE Veriti™
HHEFRY (Thermo Fisher Scientific, USA) JE17H
EEEE RN (PCR), §7 8 HISEIH DNA H B
PCR "3 =W 7 1.2% BhOB Wi e i 9k P A K
AN, IR IR 5 U B INHAT I 7=, #AE
AR DNA DI el sen] & 3l 45 o 4 1Tl
15009 DNA F-Bt'5 pMD19-T #ifkik i, #f4

J¥Z: B8 Takara pMD 19-T Vector Cloning Kit 11
1 (Takara), F5% % KIHFFE DHSo 832 45 40
e PH M A 6 2 b T AR R IR 4 i 5 T
GO M E, BT8R cDNA F5I7E NCBI |47
BLAST [RlJEPESMT o
1.5 RO COLIA2 K cDNA K i bR ik
1% (RACE)

A O A B ¥ 513t 5781 3' RACE [ 1)
RN REESI Y (% 1), %2 M8 SMARTer RACE
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cDNA Amplification Kit (Clontech) #/E 15 BH 45 il
£ 5' RACE-Ready cDNA #il 3’ RACE-Ready cDNA
FiH. RACE-PCR 434 2 5 PCR, % 1§24 Touch-
down PCR, %f 2 % Nest PCR, E{&$ 1 5k
FK & #% B SMARTer RACE 5'/3” Kit (Takara)
ULI AT, B PCR §784774) 5 L il 1.2% 3505
WEBEIR B UKAIN , DI RIS H B 26707, R
AL S A B A PR FE R Z b R R PR A A 5
BIr (B3I T
L6 EWME BT

% H NCBI (http://blast.ncbi.nlm.nih.gov/) I
() BLAST T H X o B 2] (9 8 43 #% .00 )7 51 L 37
RACE J¥9Ifil 5" RACE JF 8 #EAT IR IRMELL X 5 R
| DNAman $f4% )7 %1 I fifi H] ORF Finder (http:/
www.ncbi.nlm.nih.gov/gorf/orfig.cgi) T 4= 551
BYFFRCBEEEHE ; R Compute pI/Mw tool (http://cn.
expasy.org/tools/pi_tool.html) TN & FH 5ty 51 S5 Hi,
FUR4yF i SR PROTPARAM (http://web.ex-
pasy.org/protparam/) 43 M7 8 H W ELAL T ; R
PROTSCALE (http://web.expasy.org/protscale/) £
e FE B Ei /KM >R PREDICT PROTEIN
B A (https://www.predictprotein.org/) 7£ £k Tl 25
FUB) — 22544 5 >R FH PROSITE 714 (http:/
prosite.expasy.org/) TN L5 FIDh Bl SR
H ClustalX2 {4472 390 e X, #H MEGA
4.0 tHERGE KB
1.7 AFZEZH COL1A2 S RIE 3 HT

HRAE B LAY COLIA2 44 cDNA J¥ 51 %
It 1 X5 qQRT-PCR %¢ 5519, FFLA p-actin B K
WZ (& 1), R &R, RSN ZO0
i 1 PCR 1% (Roche Light Cycler® 480 System, ¥
+) 47 SER 2 E Bt PCR (QRT-PCR) 4347, fi
F AAC AR B A THE O ik AT B PR 3R 3k i
Mr, @iHANSIERA (B-actin) PEFTIA—4LALEE, H
By W3R, BRI TIE
) Ct, ACE Ctppgraepm— Ctyzsaep; AACEREA
FEAKLFRA] ACUTE AL ACE GREGSF); HIXHE
PR IR 2745 R O HARSE DA Ak BRZH 5 42 1
HIAHN KR IA
1.8 AN[A)ZH 2R b e S 2 1 R ) o

I TEMERLF R ETRIEEA T, H
PRUIE S A AR R, R I R A A D 2 1
W AR [ E O 12.5%,  BCH TR IR IR 1Y

THITAANPREEAN S 5. KRR &
(Art. No. A030-2, gt @AY TAEFSE i,
R 50 XA S AT B, BRPE T IE S G R
Y4 f#H Infinite” Pro 200 HFR Y (Tecan, Fi
+) b, D B 550 nm AR OEEE .
PR AR A SO TR BRI AR & RS
17 it R 2R & f e L) 8 Al A 2=,

2 BRESH

2.1 COLIA2 F:H () cDNA FIZIETR 751

AR e B R T e E) T AU R AR 02 3
(COL142), F14%32 % NCBI (GenBank % 3¢5 .
MK641513), COLI1A2 FEH cDNA 4K 5826 bp,
F 45 3HEBRIIEIX 1657 bp, S'AREHIEIX 113 bp
FEHRCFIEEAE 4 056 bp, HL4wAS 1352 NEILRR ., il
ik 8 T4 A A KPR 43 AT S0 COL1A42 B2 A
EAT T80 126.74 ku, 255k 9.24, Hirp
A L 1R 5% 5L B (Asp+Glu) i 106, P IF HL 7%
JE MR (Arg+Lys) A 121, AR IR I 5N
39.70, FEAKPEREAIIER-0.713, KEFEECH
22.67, HEARE

T 3o R 1 B S5 R B S RE TR, WK F
COL1A2 J£F- 4 Jse JF 2K 11 N-1ii IS 5 IR0 224 o7
(1~24), = HEIRHESE R B (71~834) I NC1 45
Fa 3k (847~1 351), & & COLIA2 EH & H
24N FILRFF K, AT M1~S24 X 5 (MLS-
FVDTRILLLLAVTSYLASCQS). Ik, 4 i
T COL1A2 1 —EIRe a5t e, 7FuRie X g
F| 19 > H =i —Nl 2 R —If 2R (GPP) & i/
M2 AR —H AR — KA AR (RGD) 41
R BHOL SUFD 243 F N BB RS A AL (GMKGHR,
GMKGLR), COLIA2 £ kit 75 £ PN ol 5% 18] B h
7 LS C-propeptide — AR AL . 1 AMHEZELE
Al a3 (NIT) A1 1 AMEERR I (KRGP) i 5o
2.2 COLI1A2 25741 1) 2 41 EERE AL R

FH# 2 AT IR ETTH0 COL1A2 LM F
G EA w ARSF R, 5 At o e 22 1] (8 AR AL
KIRT 80%, HEZOH 1 COLIA2 FIEIEIRTF
5 5 K 85 f (Larimichthys crocea) ) A 0L &
8% 96.60%. Z AN EXTAE R (K1) TR
HEOFL COL1IA2 5 K# M (XP_027142672.1)
AU e, 5 A8 Homo sapiens (NP_892013.2)
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Tab.2 COL1A2 polypeptide sequence identity of Nibea coibor with other fishes

ik HRERS ot e, 4 TR i e
species name accession number identity species name accession number identity
of gene of gene
K34t Larimichthys crocea XP_027142672.1  96.60 Bk Oreochromis niloticus NP_001269826.1  88.76
MOS8 Oryzias melastigma XP_024154448.1 88.13 SEULN A Astatotilapia calliptera XP_026011889.1  88.47
W5 Cynoglossus semilaevis XP_008328838.1  90.32 W85 Cynoglossus semilaevis XP_008329548.1  89.13
i Al Seriola dumerili XP_022602721.1  91.94 fu BT Anabas testudineus XP_026203436.1  91.42
YUIEERSS Trachinotus ovatus ATI25517.1 92.09 NRBEIRFZE 0 Amphiprion ocellaris XP 023133230.1  91.86
6 Oryzias latipes XP 023815576.1  87.61 Z IR Acanthochromis polyacanthus — XP_022069293.1  91.57
Hili& Electrophorus electricus XP_026867852.1  81.73 LLRBRBK A0 Kryptolebias marmoratus XP_017279795.1  88.09
FR i Boleophthalmus pectinirostris — XP_020795826.1 85.59 KR Mastacembelus armatus XP_026155865.1  89.74
YAl Ctenopharyngodon idella ADK48763.1 82.17 EBE S Al Xiphophorus maculatus XP_023200744.1  87.56
At Hypophthalmichthys molitrix AUF74474.1 82.10 W% Oncorhynchus mykiss NP_001117679.1  81.42
Bty # Danio rerio NP_892013.2 81.21 K%K RRIE 10 Oncorhynchus tshawytscha XP_024296660.1  81.36
HERIRIE A Oncorhynchus kisutch XP 020360620.1  81.29 HOIRTT KRS £ Oncorhynchus keta BAB79229.1 81.80
B4t Parambassis ranga XP_028284246.1  90.90 §ifl41 Carassius auratus XP_026144583.1  82.69
JE&8 Fundulus heteroclitus XP_012707154.1 85.21 [T 41 Pangasianodon hypophthalmus XP_026785766.1 82.10
DURHAT 8 Salvelinus alpinus XP_023991358.1  80.18 VG RFHREE Astyanax mexicanus XP_022538957.1  82.32

BETh s Danio rerio LS FVDYR] / / C. LK. . .. GP. . . KEgRErR e GPPGPPGLCCNF/ G A APTE EPGEPGQ
N Homo sapiens h

£ Larimichthys crocea
il Nibea coibor
Oncorhynchus mykiss
WAHELNL Oreochromis niloticus
~HHE consensus

thfis Danio rerio
Ak Homo sapiens
#ehi Larimichthys crocea
(4 ¥ 1 1y Nibea coibor
Oncorhynchus mykiss
WAL Oreochromis niloticus

Hf consensus pg pE rg 2 qgalgfpg(pglpg kg Tg g dg kg

BETY$s Danio rerio SAING PGJAGAPGIPGPRAEPGP
N Homo sapiens AKGAR GBPGIAGAPC

Kaf0 Larimichthys crocea A aﬁ

LTI Nibea coibor G
ULE Oncorhynchus mykiss
B Oreochromis niloticus ) Ae G/ £ P CLECE dycd T 1 A G F
—HHE consensus r g 2 ag sp geeghrz go & & g8 g e pg ar g

BELh it Danio rerio

N Homo sapiens

£ Larimichthys crocea
Ukt Nibea coibor
Oncorhynchus mykiss

A £ Oreochromis niloticus
-5 consensus

BED {4 Danio rerio

N Homo sapiens

KHLfiL Larimichthys crocea

RO Nibea coibor

ATE Oncorhynchus mykiss

BAAL Oreochromis niloticus
FiE consensus

BELh 4t Danio rerio
Ak ‘Homo sapiens
it Larimichthys crocea
B {1y Nibea coibor
Oncorhynchus mykiss
%41 Oreochromis niloticus
— 3t consensus

BE b Danio rerio
fomo sapiens
Kt Larimichthys crocea
(el 6 Nibea coibor

d NLGPPGRYC
T8 Oncorhynchus mykiss AS[E G g W CNCGPPGR]
HE € Oreochromis niloticus B AA
—#H consensus g g pg g geagr g gndgppgr g

BED {6 Danio rerio

\Z Homo sapiens

Kékfis Larimichthys crocea
R £ Nibea coibor
L8 Oncorhynchus mykiss
WL fiL Oreochromis niloticus
—##E consensus

Al EPH
iPA

A 1 R LSEPBWSG oy
t kdyevdat ksin gie T pees knpar(crd Ishp w sg ywidpnqge daik cdf t

Bt {4 Danio rerio

NH Homo sapiens R A ATCLAFMR
KHLAis Larimichthys crocea ASSEWFE NSEIS TSN ATCLAFMRLLENG 2 CKNSAYA LKK \\1
a6, Nibea coibor Bl CET1NEEE R ATCL N[y R
HTES Oncorhynchus mykiss H SINKKHIWIGETINEGIYE A 3
WAkl Oreochromis niloticus H A ARSI INKKEA WIGETI [NEG 28 Jo A S It
F(H: consensus iopei v kkh wgetin g f yn e narqlafmll n a qnityhckns aynd e g Ikkav lqzsndul aegnnfr vl dge W n iey tnkpsrlp ldiapldi

Bt Danio rerio 1351

jomo sapiens 1365
)\ﬁ‘fﬂ Larimichthys crocea 1350
G E L0 Nibea coibor 1350
L8 Oncorhynchus mykiss 1355
AR Oreochromis niloticus 1349

—HHE consensus

TE: L PR PRSI EE IR A R 6 AL OMS AR R RO AN,

Note: The high, medium and low conserved amino acid residues are shown in black, red and green shadows, respectively; the black dotted lines represent intervals.

E1 XeEgaMEAYME COL1A2 SEERFT

Fig. 1 Amino acid sequences of COL1A2 in Nibea coibor and other species



o 53] e AE, S REEEm T RFEE N o2 (COLIA2) FEH B 7l X ikt 791

FARUE A, 2D R B A I 2 4 i 5
NC1 Z5 57 i ) b BB 35 v i AR R
il COL1A2 HYRRBEROL AT — R 257

H & 2 AT 1. COL1A2 b A A 2 4~ WA
WS, 1 X FE Mg a, LiEha
(Ctenopharyngodon idella) . % (Hypophthalmich-
thys molitrix), . (Carassius auratus), B £
(Danio rerio), KIKM . (Oncorhynchus keta), W1
4 (Oncorhynchus mykiss). % 3F . (Oreochromis
niloticus). K ¥ 4 (Larimichthys crocea). 1% {08

Wk (N. coibor), YNIE B8R (Trachinotus ovatus)
A B (Paralichthys olivaceus); 56 2 % %5 H
MES W25, EH6E XS (Gallus gallus). /) H
(Mus musculus), K B (Rattus norvegicus). Y
(Equus asinus). $F %% (Sus scrofa). Z K (Canis
lupus familiaris). RN (Felis catus). F 4 (Bos
taurus) FIN3E (Homo sapiens); PGS EYHEM
WEWR (Xenopus tropicalis) Ab1E 2 A~ 2 8], If
BEAEE 2 3, AU, WREE LA R AR
TaEablh, BEXRRI,

100— % ff1 Crenopharyngodon idella ADO14592.1

73 F% Hypophthalmichthys molitrix AUF74474.1

100 #42 Carassius auratus BAG72201.1

100

100

100

0.05

BELh £ Danio rerio NP_892013.2

— R IEH Oncorhynchus keta BAB79229.1
1001~ T Oncorhynchus mykiss NP_001117679.1

B HE A Oreochromis niloticus NP_001269826.1
100 - Paralichthys olivaceus BAD77969.1
77 YL 6BES Trachinotus ovatus ATI125517.1
4 KA ff Larimichthys crocea XP_027142672.1
100 L—y R @ H it Nibea coibor MK641513

AEMUELR Xenopus tropicalis NP_001072718.1
JEXY Gallus gallus NP_001073182.2

/TR Mus musculus NP_031769.2

|—_j(fﬂ Rattus norvegicus NP_445808.1
ANZ& Homo sapiens NP_000080.2

- Bos taurus NP_776945.1

$754 Sus scrofa NP_001230584.1

U Equus asinus NP_001310709.1

KR Canis Lupus familiaris NP_001003187.1
FAMi Felis catus XP_003982813.1

T BUFFOR 1000 W51 B AUR AT 2B . KPR B S B SRR RIE L, BERS MU, SR G R BT ; A

B, R BGL

Note: Numbers represent the frequencies with which the tree topology presented is replicated after 1 000 bootstrap iterations. The horizontal branch length is

proportional to amino acid substitution rate per site, the shorter the distance, the closer the evolutionary relationship; conversely, the evolutionary relation-

ship is the farther.

2 RBERFEEMEMYF COLIA2 ZARARFHLRK
Fig. 2 Phylogenetic tree of COL1A2 from N. coibor and other species
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Fig. 3 Expression analysis of COLIA2 gene in

different tissues of N. coibor
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Tab. 3 Contents of hydroxyproline and collagen in
different tissues of N. coibor g/kg

212K tissue ¥/l B hydroxyproline JIXJ5 8 [ collagen

LA muscle 1.42+0.02 b 11.35+0.15 ¢
2 swim bladder 24.48+0.05 g 195.87+0.39 h
JIFIE Tiver 0.15£0.01 a 1.18+0.09 a
i1 5 scale 6.01£0.23 e 48.11£1.80 f
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g4 fin 1.99+0.04 ¢ 15.94+0.31 d
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L [FFUARNG TR W (P<0.05),
Note: In the same column, different lowercase letters indicate significant
differences (P<0.05).
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