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B K& S RZ BRXERRFHUL N ERIESH

REALRTW L RFL L HEE

LA R K FRZF R/ RERHFRIAKEDFETEEE T/ RLHD AT EEARTHRELLRE/
AL LA B F A SRR AR AR P S/ RILRFFRRAREEY LG EL
A TR T, KX 4300705 2. 34k 3k 58 F , KX 430070

FE AR R R T o AL, AR E R 19 22 5 1 2 K 855 (Megalobrama amblycephala)
SRWFFEXT G 2k 1A 3k 5 4 JE DK 20 7 51) Blast 3845 141 3k 553 WA T 85 45 -9 25 11 (secretory calciumbinding phospho-
protein, SCPP) Z 5 [H 1) cDNA JF 41 , SR I 52 B 25 ' 5 1t 1) 75 125 L A8 431 SCPP 58 1 35k IR 26 PR 3k B WA 5 4=
KB BRI 55 R TP R FARAE I, DL AR 18 A1 Sk AN [ 40 2R rb () SRR IR D0, O R R4 R 1 2 5 1 6
BRI . WP B, B3k 85 enam scpp 1 .ambn .scpp9 odam spp 15 Bk BA B & IR, EAER
PR BG5OSR RIS HESI Y enam 5 odam 3X 24~ E2 R Aty B 2 EE IR T 91, e IRAE A S vh 4P A 2 Brad AL e
FFHN B . 18 1Sk AN R ZH U SCPP KRR & S RIB AR WIR , enam scpp1 .ambn scpp9 Rl spp 1 1E5H T,
B C W05 ) FO B BT A AR = iy 2k i, 5 HABZH 2P B RIA 7K R 2477 1B P 22 5 (P<<0.05) , HAE43 1M
B8 (TCMH YT ) h i ek B e IS B85 DY 28 18 = P01 (9~54 ) WA & & B BOE BE45 R R enam .ambn
scpp9odam spp ] TEE TUHE S 33k ik i 35 155 T45 DUSE 5 Rkt , b sepp 9TEA BH 5 rh iy Rk iy o DA L0
FEER T enam scpp1.ambn scpp9 . odam spp 1 5% 5 W Sk B0 5 K B RO, P scpp 9 76 A 3k 500 U5 & &
et A A T W, A 5 R B O R T Y,

EBBIA HLE;; WG AT s SCPP RIEIR ; RGuikk; I %KL

HESES Q786; Q959.46°8

53 U 5 25 4 9 3 1 (secretory calciumbinding
phosphoprotein, SCPP ) 4 K 5¢ J% 4 i (1) 22 F o 1R £
F 558 0B FE 02l s B F b A o
AR R b 2 R Y L A S
HHESh W HEAL I —Fh 7 2, R HOON JBAR B
FIE B A 2 5% T HE S o Je B vh B RE R
M4 J T B R G — 03, AR IE U R rh s K B
LI C A > €= N EiSD | 1 A YN E 22 il PN = SR A R )
i —SEOCHEEE I, Qi WA 25 5 W A 1 SCPP K%
FEPIN M IE R AL E T 13 4 SCPP 5
, HiX 26 SCPP 52 J B KT K H R — A #H 56 spar-
cl1 (the secreted protein acidic cysteine-rich like 1) 3
o SCPPs A] 43l 2 L2 : & A KT 25% Glu, Asp
FIBERR AL Ser 3R A AR M SCPP DL K 3% KT 20%

Wk H ). 2022-04-25

XEARIREE A

XEHRES  1000-2421(2022)06-0192-09

Pro Al GIn (1 & & Pro/GIn(P/Q) f§ SCPP™ , F£ T
AP WYk SCPP F 2 5 5 M A A Fa b A 5%,
M & 75 P/Q I SCPP AT il i £k

R E A SCPP R FE NI T 24 b T I3
PRI AP LU B DR P 371 1Y) 22 5, X R 22 SR AT RE 5
TR YU FRIELAAT F T Venkatesh 458 e #5H f
K58 (Callorhinchus milii) P IER AP H LA T 2
A~ 5 SCPP A1 3¢ 1y #L J6 5& I (BRI spare Fl sparcll) o
Laue 25" % BLBE & 111 (Danio rerio) SCPP 5 Jiti 3 [
20 spp ] FE DA ) 98 A8 S BUE B 8 /D . Lin
2O BB R T (Hippocampus comes) R T 24
1% 1t SCPP FE K (scppl Ml sppl) , B 5 F A i FURh o
FEF A OCH P/Q FE 1Y B K 41 amel . enam . ambn
il odam FEAE IR 58 2Bk .

BT [ IR IR K A0 28 7l R iR R g i 0 H (CARS-45-01) 5 B K [ Sk Bl 4% 5k 4 10 H (31872559) 5 s i B i+ % i H

(2020020601012253 )
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WAGIEH : B, E-mail: gaozx@mail.hzau.edu.cn



4 6 3

ORTEAS 45 WKWk 7 AR OGS I R LA S HARIA i

193

3k M5 (Megalobrama amblycephala) X 2 R B
o SRR EREA M E ATk —  HAE RN
(B AR AR A7 88 A G il 7 S R L AR TR R
b K2 T TR, A AR kot HL Aol 5 9 VR R
WAL R M PEAT TR BT Tk
55 WA 155 5 T 10 BIF 9 30 A /0, AR BIF 9 3 e 4 3 PR 41
Blast 3k 13 T B 3k 5 Wl 15 & & 0 & 3 [ fa93e10
(enam) . scppl . scpp6 (ambn) \scpp9. odam F1 spp1 1]
Fe 55 B, I 20 B Ho A P Sk 55 S [) 2 200 i 15 56
KH IR R IR, LU R T i 0 280 1 % A R
B o F AL P 5L ah TR
1 MRER=E
1.1 XA R

TG BT FH P 3k 5 240k 1 b4 BH 3 B A 2K
KA BRA R (L4 8 A i B B D) . i
HORAE 3 1 A St 55 L6 5 (B ik ) 55 DU i 5
(AR A ) JULTRDS]  CR  658 2% O JUE L JFF O L LA
LR B 10 Rl 2 ZURE AN S 3 AN RE S . ]
I, 23 51K 4R A0 1 9% S 918,27 .36 ,45.54 d A1 3k
{55 1) 5F5 FL RIS DU B S BB BE 3N AR . BT
A FAE P A1l MS-222 BRI 5 3R 1T R B, FE 5 SR
8 58 W BT CA T VRS L B A —80 "CUKA
&
1.2 B RNAREUKR cDNA &R

HU—80 “CHRTFERY 9~54 d 13k 5565 DU |46 1 g =5
Jo 1 13k 15 10 Al 41 2UFE 5, FH Trizol 3% (TAKA-
RA, K% ) $2 BCE RNA Jf: 8y K6 il 58 8 M |, Nano-
Drop ND-2000 #% M2 #& 1 {¥ (Thermo, & [& ) Wl &
RNA ¥ & ODfH . #4 #8 HiScript® [l Q RT Super-
Mix for gPCR ( +gDNA wiper) i 7| & (Vazyme, B
50) B U BT A A A RE S cDNA B A 80 cDNA
FoBE 5% IR , BT — 20 CURRATRAT .
1.3 ERERE

Ensembl [ 3% 2 F #k 8 & 1 enom (ENSD-
ARTO0000132089.3) . sgppl ( ENSDARTO0000127579.3)
ambn - ( ENSDARTO00001216054 ) sgpp9  (ENSD-
ARTO00001298132) | odam ( ENSDARTO0000137646.3 ) F1
sppl (ENSDARTO0000101261.6 ) ) cDNA J3 51 , 55 A1 3k
{577 114 4> 5 K 26 7 51 1) (Bioproject ID:PRINA343584)
HEAT Blast HeXF, 3845 41 3k 65 enam (NP _14992) scppl
(NP _15021) .ambn(NP_15032) .scpp9(NP_14953) |

odam(NP_15082) Fll spp1(NP_25259) {)5¢ 4 CDS ¥
H, FIH] Primer Premier5.0 84 F#E47 5 | 9553t , it
UERHE YR BRA Al a5 2 w5 A, DL S
(1) cDNA N #EAT PCRY™ 3 . F 120 B AsHE A U
PR K SRl B — 1 PCR ™ W% sl U RHE
PR IR RN o 00 e AR5 1 B Sk Be
HUE AR B P, A5 Mk &5 F ik 6 SRR Y 58
HCDS ¥4
14 EEEWMERFESN

] H NCBI #) ORF finder #£ ¥ (https://www.
ncbi.nlm.nih.gov/orffinder/ ) 737 3 P& FF il 8] (52 HE 5
H ProtParam (http: //web.expasy.org/protparam/ ) 53
BT 64~ SCPP Z S A i BEAL M BT . £ I DNAMAN
A XoF AN T A 3 4 6 A~ SCPP 5 56 R A T[] U5
P53 H7 , 3548 H MEGAT7.0 144+ 28 IR R S ik b
o SRR A B YA E B AT

enam: N (Homo sapiens) . (Bos taurus) /)N B
(Mus musculus) - 5 51 (Cynoglossus semilaevis ) .
W ( Cyprinus carpio) .5 1 (Danio rerio) K 8 f
(Larimichthys crocea) i (Lepisosteus oculatus)
3k i (Megalobrama amblycephala) . 75 # (Oryzias
latipes) . X BF (Paralichthys olivaceus) | 75 3¢ 1€
(Poecilia formosa) ;

scppl: 20 5 85 BE D A0 B 5 R M (Ietalurus
puncz‘al‘us) DN E A NP T R AN 5/
i ( Takifugu rubripes) ;

ambn: N A B0 g dE Sk 7 N

scpp9: #E g W By An | ]Skt | e 55 38
AL ;

odam: N A INER T 85 B B fh B AN
SR R A3k B S (Monopterus albus)
fiff | ZF T 75 AR 2168 2R )y il

sppl: N A TR e BE S £ B SR R
Wit g AL N T B 6T SR B 2T
g2 )y fal
1.5 qRT-PCRERZEEHN

Z: M8 Blast 4815 19 6 A~ EL R 9 7 9145 2., DL B~
actin N2, M| NCBI W34 i) Primer-Blast %31
EREGI. HRNERAFAGHERD . JO6E R
PCR fii F§ Hieff® qPCR SYBR® Green Master Mix
(Low Rox) il £ (YEASEN, i) , LhFA 3k 550 B
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S

K H AR 188 A1 Sk @R [F 41 VR i cDNA S SPSS #0441 (1) Duncan’ s Multiple Range Test L #%
M, 2 B R & Ui B A3 24T qRT-PCR W o SR FEDIEMA A % 75 DG B IS 1) K AN [ L 2 (R A R ik

20O F G SEDR B mRNA MU 5 . (A

K22

x1 ERWALEEPCRIIMER

Table 1 Primer information for real time PCR of genes

BEH SIFH(5°-3") B KREE/C P1g R Bk /bp
Gene Primer sequence Annealing temperature Amplified length
F:TTACCCTCCCTACGGCTACC
enam 62 194
R:AAGGTTCGACGGGAACATCC
opl F:AAGAGGATAACGGTGCCGAC 62 190
s/ ¢
R:TCGCTGTCACATTCTTGGCT
ambn F:GCCTGCGTTTAGAGGCAATG 62 118
R:GGTCATTCCATTGGCAGGGA
sepp9 F:GCAGCTGCTCTTTCCCCATA 62 101
R:GGAGCGAAAGGGTAAGCCAT
odam F:AGGGCAGCCTCCATTAACAC 62 172
R:CTGGGGCCCACCAATGTAAT
F:GAGAAACTGAGACCACCGCA
sppl 62 188
R:ACCGCCCAACTTTTCATTGC
F:ACCCACACCGTGCCCATCTA
[B-actin 62 204

R:CGGACAATTTCTCTTTCGGCTG

2 HRESH

2.1 SCPPxIREFEIEB MRS

FIHI Blast 3845 1 413k i SCPP 4 H ¢ 1% 6 4~
Wk B M RFEHF B9 cDNA .0 7 41, MR 3 ProtParam
AT I 45 2R 7S 2% R DXL A AR B A0 26 2 i,
W enam W) 7313008 Ci106H1700N281035756 5 a8 HER R
H1 Ala(A) \Pro(P) \Val(V) Glu(E) i 5 35 = o

scpp1 B3 53 Crio0H 146N 306045,Ss , BAEFR TR HE
Ser (S) . Glu(E) . Asp (D) . Thr (T) A 5 %% &5 .
ambn (153§ N Ci511Hz555N1150,4455 15, 28 T R K FE
H1 Pro(P) \Val(V) \GIn(Q) | Ser (S) B H 5  & «
seppI B 73T 3N Ca0Hu5oNgOssSy , BIERR IR FE
Pro(P) .GIn(Q) . Gly (G) . Leu (L) A9 5l 45 % .
odam W) 735N CyuiHise6No150 1026850 » 2 HEFR IR FE
1 Pro(P) .Leu (L) \Val (V) .Gly (G) P50 R45 5 .

%2 [FLE5SCPP RikEE B R
Table 2 Physical and chemical properties of SCPP family genes in M. amblycephala

ZH Parameter enam scppl ambn scpp9 odam sppl
CDSJ¥%1]/bp CDS sequence 735 756 948 987 2130 1077
2P A EL iR AN
&ﬁfiir%ﬁio' ﬁ(g g acids 244 251 315 329 709 358
43 Wik /ku Molecular weight 24.85 26.91 33.90 34.54 76.97 38.49
B pl 3.67 4.15 6.01 9.22 5.73 4.16
A FER Protein properties bk Acidity Rtk Acidity Fatk Acidity 8P Alkalinity  BRTE Acidity bk Acidity
46 244 Extinction coefficient 7575 17 085 14 565 20 400 58 300 10 555
AFaRE R4 Instability coefficient 58.47 79.13 64.65 62.72 44.61 68.92

FesE M Stability AFa5E Unstable

i 7K 46 $4 Hydrophobic index 84.96 50.16
SEH4 25K M Hydrophilicity 0.082 —0.976

AFGE Unstable  AFazE Unstable

AEasE Unstable AFa5E Unstable AFa5E Unstable

73.59 83.86 81.07 55.39

—0.267 —0.188 —0.197 —0.885
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sppl BY 53 T 3R Crg1sHos61 NussOps5Ss » 2 HE TR 5k Sk
H1 Ser (S) .Glu (E) . Thr (T) . Ala (A) ffy 4l %
B
2.2 SCPP R&EERR S

fift F DNAman 4% A LB AR 1413k fi5 KAt
28 enam  scpp1.ambn  scpp9 . odam 5 spp 1 Hi i (1)
FEER Y A HEAT R A, IR T MEGA 3P4
AP . SR W, F K 8 enam St Y S TR
B 55 5 461 (16.47 %) B(13.56 6 ) ELA M55 i 1)
[ (BT 1) ZEE AR b R 2 A (181 2) 5 5 oA £
R E AR XA (1.53%6~9.62%6) 5 5 A (0.61%)
R (0.78%0) .4 (0.70 %6 ) B A HARK [F] I 5 78 2E AL A

rh a2 S LR R & s AR S A, R K 2
ARGy o 5 A3k 5 H A 5 4 F PR R] s i s
HRZBE 0 (& 1), AR T R B 0, b odam
scpp9 FEFEAA T B B S5l ) Rl o (18] 2) |, 5
by o 1 T U P I o B b LA FRATT & 0[] A
SCPP RKJGH A, 13k 7 enam M scpp9 Hitith i 2 IR
¥4 5 BE 548 g W) U M G, 4 0 ol 1.53% F
4.38% (1) ABAE scpp 1 ambn Fl spp1iX 34 FEH 5
BE 42 % 0% [A) U5 MR AR X B, 4 Bk 16.38%%
12.95% F120.25% (& 1) o iz Lo X AS 6] 45 4k 3 )
enam 5 odam iX 21> FE K 45 1) 2 3L 1R 17 51, & BLAE
0 I IR AE X P B S SR 7 9 ) ek (1 3)

20 enam _ 30 odam 50 ambn

E E E 40

= 15 = =2

E £ 20 2 30

0 - -

oy T g 20

B B =

. = = 10

E E o0 =

1234580910111213 12345678910111314 1723567 891011121314
Species of animal Species of animal Species of animal
20
scpp9

3 bp ] 30 seppl 60 sppl

s 15 Z z

E E 20F = a0

“ 1ok - 7

I & ©

e B £

= 5 L} 10 B20F

& 5 = =

junng — =

= = =
=

0 4 5 10 11 12 0 5 6 7 8 9 10 12 14 o 1 2 3 5 12
AR AR Sy

Species of animal

Species of animal

Species of animal

1: N Homo sapiens; 2: B Mus musculus; 3:2F Bos taurus; 4:#8 Cyprinus carpios; 5: 5D Danio rerio; 6 : 353 SURBMM Ictalurus punctatus;

7. bk

5

Monopterus albus; 8: K¥th Larimichthys crocea; 9: F8F Paralichthys olivaceus; 10: 758§ Oryzias latipes; 11: WS 3 fE 8 Poecilia

Sformosas; 12 BE 158 8E Lepisosteus oculatus; 13 : -5 8 Cynoglossus semilaevis ; 14 : LL8E A Iy il Takifugu rubripes.
E 1 [F%& SCPP RXixERESH M EHNMERNERELLE
Fig.1 Comparison of homology between SCPP family genes of M. amblycephala and genes of other vertebrates

2.3 SCPPRIEEBEEANRARNRIES M

K M qRT-PCR 77 ¥ 73 # 1 % W 2k &5 enam
scppl ambn scpp9 . odam F spp1 18/ [a] 4L 4P () 3
RTEOL, G5 (K 4) B7R cenam scpp 1 .ambn .scpp9 Fl
sppl FERIAE S 80 = AU h A B 3Rk &,
5 HAH L P R IE KPR A B B2 7 (P<
0.05) , HAESE PUSH 5 P ) R A AR AR (] 4A-D F).
odam FRACTE N B BT A AR & i Rk i, 5 HAB T
AT LN BRI A7 A 3 1 2% 53 (P<<0.05) (8]

4E) . enam Fl scpp ] HFITE R P Y 235 & e LR &
s (EAH T 56 U6 5 AU B AT A e i T 22

(P<<0.05) (Kl 4A-B) . ambn scpp9.odam Ml spp1 £
i £ 2 A o ) I AR T D A TR S LI LA
M (P<<0.05) (K 4C-F) o enam . scppl.ambn .
scpp9 Fl spp 1 3 RIAE U] B i A7 764 T fBL Y e TR A
A, FIR AR T 5 68 U] W RRAR LA B Pk 2=
5t (P<<0.05) , fHAHAL T2 PU i =5 3Rk i if 2 A7 Bt |
T+ 4A-D . F) . enam . scppl.ambn Fl sppl 3 K1
fig 2k b WL B A B m Rk 7 (B 4A-C.F), H enam,
ambn Fl spp1 He R TE 8§ 5% vh i 23K 5 5 T 7655 DO 6l
SRR IR, HATAE B 2253 (P<<0.05) (] 4A |
C.F)o enam . scppl.ambn . scpp9.odam F sppl FH
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941 %

Larimichthys crocea XP_027139290

Paralichthys olivaceus XP_019955915

Oryzias latipes XP_011474064

Poecilia formosa XP_016526932
G semilaevis XP_008315372

Cyprinus carpio XP_018964969

t Danio reridcNP_001139028
Megalobrama amblycephala NP_14992

Lep oculatus AMD_08897

ﬁ Bos taurus XP_002688385

Homo sapiens NP_114095
Mus musculus NP_059496

0.2

Bos taurus NP_776413

Mus musculus NP_033794

Homo sapiens NP_057603

Lepisosteus oculatus AMD_08894

Danio rerio NP_001138709

M ama amblyce) NP_15032

0.2

Oryzias latipes XP_004065924

Poecilia formosa XP_007551880

Cynoglossus semilaevis XP_008315371
Monopterus albus XP_020457680

Larimichthys crocea XP_010743230

Paralichthys olivaceus XP_019955909
Takifugu rubripes NP_001032940

Ictalurus XP_017316402
Danio rerio NP_001138715

Cyprinus carpio XP_018967648
M la NP_15082

ama amblycep

Bos taurus NP_001073784

Lﬂ) sapiens NP_060325
Mus musculus NP_081404

0.2

Larimichthys crocea XP_027138309

B

Lepisosteus oculatus AMD08901

Takifugu rubripes NP_001032938
Oryzias latipes XP_011474171

Monopterus albus XP_020457824

Paralichthys olivaceus XP_019955834

Cynoglossus semilaevis XP_008315369

XP_017318672

Ictalurus S
—‘—i Danio rerio NP_001138712
Megalobrama amblycephala NP_15021
0.1

Oryzias latipes XP_004065925

Poecilia formosa XP_007551879

Lepisosteus oculatus AMD_08906

Danio rerio NP_001138717

T Cyprinus carpio KTF_80266
Megalobrama amblycephala NP_14953

—
0.2

F Cynoglossus semilaevis XP_008322844
Takifugu rubripes XP_029693467
Poecilia formosa XP_007542266
Oryzias latipes XP_004086631

L oculatus AMD_08916
“_‘—E Ictalurus | s ABC_75548
Danio rerio NP_001002308
Megalobrama amblycephala NP_25259
Mus musculus NP_033289
4@& taurus NP_776612
Homo sapiens NP_001035147

Larimichthys crocea EPB_94455
Paralichthys olivaceus EMG_24659

b
0.2

A enam; B: scppl; C: ambns D: scpp9; E: odam; F: sppl.
2 BL&SCPPREEESHEMEMEINMEREN RFEHLH
Fig. 2 Phylogenetic tree of SCPP family genes between M. amblycephala and other vertebrates

SHFRB R R FHEIEES s o RE I 2
TR R RGN BT R 25 S TR A 54 KA AR
5 ek 2 T IUAE S (P<<0.05) (1 5C) .
scpp9 FeIESS 9~54 KA ML= i Fe ik B R T
SRS, HEA M2 R (P<0.05) (K 5D) .
odam FEREERE 9 K AR T8 =5 32 1K F W w8 T 545 U
5L I8 R UM S Rk & T M=, 7E5
27~45 K5 H6E 5 Rk & W K FH IS (P<
0.05) , 7E 55 54 K55 DU 55 F 6 = 3R 3k it A (K
S5E) . sppl BEHFESS O R A 18 KA MU 56 A6 =5
TR B E AR, L0 27~54 K45 5 ik G

FECE JHBRUVLPA i 2Rk AR A T LA A 208
B, HAFEAE 2 22 5 (P<<0.05) (I 4AF) .
24 SCPPHREERERHMELZEMNENRERIE
ST

FERF IR S RANE 5T o enam K T4
BB JS 505 O 1827 KA MU =5 5 55 il = 3k
RT3 M 25 5, 5 36 .45 Il 54 R AESS
5k E TN 5 (P<0.05) (K 5A)
scpp ] FERITESR 91827 K5 68 =5 F 58 F W 1 T58
DUSE S RS 36,45 F1 54 K& PUME 5 il A R
T AT (F5B), ambn LR 9~54 KA H
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110 120 130 140 150 160
A {50 0 T o W P S e Bt T o iP5 Mo T3 T 1 S o G e e o W 8 W o W [t o W b T o e i e e Mo B
SMWEGEFPPNTWHE . RESSBERKRHNKTDETQETQRENQTQSKKRE . PQERPLEQPSHNQFPQE . EEE
MWEQCEFFNERSE . QRESSPARFRQTDQAFETFSENQFQETDS . FFNQELRQFSTTTAQFQEEE
EMNEEBEVENGHR . . . GEPMPNFFSKIDQTRETARPNQTHEQEFPQPQRQPFLREFPNEARRA . KOR

Homo sapiens

Bos taurus

Mus musculus
Cynoglossus semilaevis
Cyprinus carpio

Danio rerio
Larimichthys crocea
Lepisosteus oculatus
Megalobrama amblycephala
Oryzias latipes
Paralichthys olivaceus
Poecilia formosa

E AREVDERFVDTQEQVSFQVPQOGFFENPA. .. .. ... AFAPTGDGSDEEV
SEDAE. ....... BAPRARAVVDAREAQEADVE EERFPIANE...........n [ASEEEXEDG

SAATREP........ ACEAVERVADARPFFPADVAPRAFVARE. .. ... ... .. EASEEETEEG
ST i s BNSVVAEAV.VAYQA..... QLABARAE . s ises i DODSCEETEDG

B 540 550 560 570 580 590 600

Homo sapiens

ENENNGQELPLQLQGPLNSWIFPESGIECIRQQQ . AQIPGESQFSESALDQFAGLEPNQIPLTGEASFAQGH.

Bos taurus ENENNAGERPLGLQGEFNSWEPPERGILRQOG . NQVEGLSEFSESTREWFAGLVENGIFVEGQVSEAQG
Mus musculus ENENNGQELPLQFQGAFNSWIFPEEGFLC®QE . . AQVSGRPQFTLSTLESFAGLEPNQIELSRQVGLAGG
Cynoglossus semilaevis LRENEITLAALEQRQA . . . . ASFLEPEVIRQAG . QEEVEE THQMVN L NEQLAGPEGEQGEQE . . . . . LFE
Cyprinus carpio ERENGLTEAGVELGE . . AQGTAFEEFFLIQOE. . ... ... BOVESFNEAMQGEELEE. .. ..........8
Danio rerio ERENELTEAGMELGE . . AQGSPEESPFEIRQEE. .. .. ... BQVENFNEGLGEEELEF. ... .........
Ictalurus punctatus MRE PELTEAGVELGRTOVOGTQFESEFRIMSQED . . . LEMEERLENFGEQFBEOELTE . . ..o v v v vt e e
Megalobrama amblycephala ~ SREMELTEAALEORAQA . . . . SSLLEQYVLRQ . . EEVELTEQVVNINEQMAGEE SEQGEQL . . . . . FLE
Monopterus albus ERENELTEAGVELGE . . AQGTEFESEYRIRQAE . . ... ... BQVINFNEAMQBEEFEE. .. .oovvun....[®
Orystas Jatives ERSNEETEE . . B6TE. ... ... MLSPYWIQQ . . . FEVEL TEQFVNFNEQVAGPEGEGGEGL. . . . LFE
Paralichthvs olivaceus ERENGLTEAZLEQAQR . . . . SSLEEQLVIeG. . . . EDLELTHQMENLNEQ TAGPEGEQGEGL.. . . . - LLE
sk ERENGLTEAZLECTQR . . . . SSLEEQYNLOHG . . PEVELTEQVMNFNEQVTGPEGEGGEGL . . . - - LLE
Poecilia formosa ERENGITEAATIEOTHG. . ... SILEQYVI®QQT . . EDVELTEQVENLNEQ T AGEE GEGGEQL . . . . . LLE
Takifugu rubripes ERENGMTEAZIGQTRA. . . .SSIETQLMI{G . . . .FELEEN. . ... WNEQLVBPENEQ......... FEE

A enam; B: odam. 1 F kRN E R AISH LTI FL sh ) R 3R 7 515 17 15 . Red arrow marks the position of the deletion of fish
compared with mammalian amino acid sequence.
3 FEEHEF enam I odam 4 HRELF I L3t 45 4T
Fig.3 Partial alignment sequences of enam and odam in the different vertebrates
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Fig.4 Relative expression of SCPP family genes in the different tissues of M. amblycephala



198

AR Fe ik it
Relative expression
AR A
Relative expression

9 18 27 36 45 54

[5F1E]/d Time
D
30000 == GA4 s 4
= 20000f =3GAS =
=) C =]
= 10000} c & £ 4l
I 2 i
Q& 1000 q=
X2 g0k b G
®E 600 ®E 2F
+— o 400 b = o
Xz 200N - Xz a a
m s m = a
TE 4f g L
1% n L
= 2Fa a a a a &
O 8 27 36 45 54
I5F1E)/d Time

Fig.5

- A4

LEROE SEN s
Relative expression

AR X PRk i
Relative expression

i E)/d Time

Az enam; B: scppl; C: ambns D: scpp9; E: odam; F: sppl. GA4: 5 IUHES Gill arch 4; GAS: 28 L5 Gill arch 5.
E 5 [BL& SCPPXxERERIIEEREMERMNEIFRIEE

Relative expression of SCPP family genes in the early pharyngeal tooth

I [E])/d Time

developmental stages in M. amblycephala

FHiE TS (P<0.05) , Hordh 36 #1145 d (1 % ik
e Oy (K 5F) .
3 i

AW 5E R G R A K enam scppl
ambn ,scpp9 . odam Ml spp | FEHERF I 5 A UG
S SR E HESh AR A B R N — 3, Bl 75 54k
6 enam ,scpp9 . odam Fl spp 1 FeF R h— 7, X £
X2 R G OC R B, H S WA L F 1Y
WU TEA G o 7E enam FEPR W HEAL R BE S A2 6 5
N BN A S HE S 3R Sy — 3, I 2R Y
enam {EFEN & il i Bt b & 42 T IR e, 2k
enam 5 185 S HESN ) (R RVE T |, (HAER TR b rp
A8 [ PR AL SR, 7 R] — B v A A e BE DR 1

E A AIF 9 3% W 40 A U 45 45 5 9l 2 11 (SCPP) Ak
DR R I b AL 47 1 i 8 G 1) 5 (P/Q)
SCPP F 55 P i R 5L R AL T e B0 2 5 HEsh )
N1 28 g f R — SR L B R RO L ARG
AIBIFEIBE, RZ 80 % (P/Q) B9 SCPP S K /) %
] RS S E0A 0B P R 1 Bk 1 SRR 15T A 2R B
B 5/ ZEM L, scppd TER VT 2 T I
AR AT A R R X R T E 5 (P/Q) I SCPP
FEDA T REAE WP 147 (1) 1 b R HE TRV E

enam ,scppl . ambn  scpp9 . odam F spp 1 I K 7E

14 A1 K 5 AN [ 20 2 rp 9 3R 3K A BT 45 2R 7, enam
scppl ambn  scpp9 . odam F spp 1 F& K AE 1§ A 3k
A2 B 5 ek B 25 e T AR IR 5 (P<<0.05) , B
TE R B AT B R 1 2R3k X 5 Kawasaki 55 T4
E AR TE SCPP A2 55 A AT 6 i s & 0l
AR RN AT 2 I e i SCPP & 11 ) 2 55 0 T F 2 35 3R
i Ak i)t B AR — B A M R WA A %
SN DT 4 B I G2, TR 1 M i B A 4 0 T D g
SIS, — A 145 0 (] — 57 5 (407 A50) P07 MR 1 R 48, X
Folt W 147 A B R R R A A BE D A0 R
enam scpp 1 .ambn scpp9.odam Fl spp 1 FERIFE 9~54 d
VAL Sk 677 55 D 55 T 5 v ) £ R IR A5 SRR 1 TR S
TX—MWE o enam .ambn Flscpp9 Fe R 1E 9~54 d 55
DO i 5 G 2 A T — AN B Y Kk B, T 5 U S
5 R I b T H D enam .ambn M scpp9 1E
P S B RO I 145 A= 4 7 e A v b G SRR AR AR T
scppl TE 9~54 d A Sk 5 55 DU = i i Rk i 555 1
5 RAETHEER, 927 A HE S hREE
KTV , 36~54 d 4 PUSE S v i b i = T
B HERS  ZRA 1 Sk 7 0 i KGR AL HEI
scpp 1 FE PRIAE A Skt L ST 4 A 8 2ok 8 vh - TG W I 94
FEAEA, R R AR R T e fE 2 b s . 16
AR FE A Sk 7 odam FN spp 1 3 PR #3825 FHTESS 36
F4A5 K AR, AT g A2 AT Sk 75 0 i 44 2 75 10 20



4 6 3

ORTEAS 45 WKWk 7 AR OGS I R LA S HARIA i

199

JEIEE AR s 3

A 5 38 3 5 W 5 K B A G enam  seppl

ambn scpp9 .odam M spp 1 FEP B CDS X5 B il [7] Y5
PESHT R 425 SCPP [R5 0 S 4 & B A G .
454 P13k il 9~54 d 55 1Y 55 U 5 R 1 AT Sk Bl AN
] 2 2R B PR 3R 3k 3 A B 1 enam scpp 1 .ambn |
scpp9odam M sppl B FRIA HHKMW L L HEA
—E ARG

£ % 3Lk References

[1]

[2]

[3]

[4]

[5]

(6]

[7]

[8]

[9]

[10]

[11]

KAWASAKI K, WEISS K M. SCPP gene evolution and the
dental mineralization continuum [J]. Journal of dental research,
2008,87(6) :520-531.

KAZUHIKO K, AMEMIYA C T.SCPP genes in the coel-
acanth: tissue mineralization genes shared by sarcopterygians[J].
Journal of experimental zoology part B: molecular and develop-
mental evolution, 2014,322(6) : 390-402.

SIREJ Y,DAVIT-BEAL T,DELGADO S, et al.First-genera-
tion teeth in nonmammalian lineages: evidence for a conserved
ancestral character[ J].Microscopy research and technique , 2002,
59(5) :408-434.

SIRE J Y, HUYSSEUNE A.Formation of dermal skeletal and
dental tissues in fish: a comparative and evolutionary approach
[J].Biological reviews of the Cambridge Philosophical Society,
2003,78(2) :219-249.

STOCK D W. The genetic basis of modularity in the develop-
ment and evolution of the vertebrate dentition [J]. Philosophical
transactions of the Royal Society of London. Series B, biological
sciences, 2001,356(1414) : 1633-1653.

KAWASAKI K, SUZUKI T, WEISS K M. Phenogenetic drift
in evolution: the changing genetic basis of vertebrate teeth [J].
PNAS, 2005, 102:18063-18068.

CHAI Y, JIANG X,ITO Y, et al.Fate of the mammalian cranial
neural crest during tooth and mandibular morphogenesis [ J]. De-
velopment (Cambridge, England),2000,127(8) :1671-1679.
VENKATESH B, LEE A P, RAVI V, et al. Elephant shark
genome provides unique insights into gnathostome evolution[J].
Nature, 2014, 505(7482): 174-179.

LAUE K, JANICKE M, PLASTER N, et al. Restriction of reti-
noic acid activity by Cyp2661 is required for proper timing and
patterning of osteogenesis during zebrafish development [J]. De-
velopment (Cambridge, England ), 2008,135(22) : 3775-3787.
LIN Q, FAN S H, ZHANG Y H, et al. The seahorse genome
and the evolution of its specialized morphology[J].Nature, 2016,
540(7633) :395-399.

FIUZR ERRT, RS, 55 . 13k 8 scra B K SNP A 21 5 L]
BB BRI [T ] A Rl R 222417, 2021, 40(4) : 149-
156.WANG X D, TANG Y T, XIONG X M, et al. Expression

[12]

[13]

[14]

[16]

[171

[18]

[19]

[20]

[21]

[22]

of scxa and correlation analysis between SNP and number of in-
termuscular bones in Megalobrama amblycephala[J].Journal of
Huazhong Agricultural University, 2021,40(4) : 149-156 (in Chi-
nese with English abstract).

R, LR W], AR P Sk ) ol B U R 1 2k RIS
BERELT]. Al K224, 2014, 33(3) « 138-144. GAO 7
X, WANG W M, JIANG E M, et al. Research advances on
germplasm resources and genetic improvement of blunt snout
bream (Megalobrama amblycephala) [J]. Journal of Huazhong
Agricultural University, 2014, 33(3) : 138-144 (in Chinese with
English abstract).

LIU H,CHEN C H,LU M L, et al. A chromosome-level assem-
bly of blunt snout bream (Megalobrama amblycephala) genome
reveals an expansion of olfactory receptor genes in freshwater fish
[J].Molecular biology and evolution,2021,38(10) :4238-4251.
GANSNER J M, MENDELSOHN B A, HULTMAN K A, et
al. Essential role of lysyl oxidases in notochord development[J].
Developmental biology ,2007,307(2) : 202-213.

MEREDITH R W,ZHANG G J,GILBERT M T P, et al. Evi-
dence for a single loss of mineralized teeth in the common avian
ancestor [ J/OL]. Science, 2014, 346 (6215) : 1254390[ 2022-04-
25 .https://doi.org/ 10.1126/science.1254390.

BRAASCH I, GEHRKE A R,SMITH J J, et al. The spotted gar
genome illuminates vertebrate evolution and facilitates human-te-
leost comparisons[J ].Nature genetics,2016,48(4 ) :427-437.
KAWASAKI K. The SCPP gene repertoire in bony vertebrates
and graded differences in mineralized tissues [J]. Development
genes and evolution, 2009,219(3) : 147-157.

LIU Z J,LIU S K,YAO J, et al. The channel catfish genome se-
quence provides insights into the evolution of scale formation in
teleosts [ J/OL ]. Nature communications, 2016, 7: 11757 [ 2022-
04-25]. https://doi.org/10.1038/ncomms11757.

LVY Y, KAWASAKI K,LIJ,et al. A genomic survey of SCPP
family genes in fishes provides novel insights into the evolution
of fish scales[ J/OL ].International journal of molecular sciences,
2017, 18 (11) : 2432 [2022-04-25]. https://doi. org/ 10.3390/
1jms18112432.

KARAGIC N,SCHNEIDER R F,MEYER A, et al. A genomic
cluster containing novel and conserved genes is associated with
cichlid fish dental developmental convergence [ J].Molecular biol-
ogy and evolution, 2020,37(11) : 3165-3174.

KAGUE E, WITTEN P E, SOENENS M, et al. Zebrafish sp7
mutants show tooth cycling independent of attachment, eruption
and poor differentiation of teeth [J]. Developmental biology,
2018,435(2):176-184.

ABDUWELI D,BABA O, TABATA M J, et al. Tooth replace-
ment and putative odontogenic stem cell niches in pharyngeal
dentition of medaka (Oryzias latipes) [T]. Microscopy , 2014, 63
(2):141-153.



200 LRI I NI <3 4 41 %

Phylogeny and expression analysis of genes related to tooth
development in Megalobrama amblycephala
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Abstract In order to clarify the molecular mechanism of fish pharyngeal tooth development, taking
Megalobrama amblycephala, a unique economic fish in China, as the research object, the cDNA sequence
of secretory calciumbinding phosphoprotein (SCPP) family genes was obtained through whole genome se-
quence Blast. The expression of SCPP family genes in the fourth and fifth branchial arches during the criti-
cal stages of pharyngeal tooth development and in different tissues of one-year-old M. amblycephala was
analyzed by qRT-PCR method to screen the key genes regulating the development of pharyngeal teeth.
Multiple sequence alignment of amino acids showed that enam, scppl, ambn, scpp9, odam , and spp1 of M.
amblycephala and zebrafish share high identity , which were close to each other in the phylogenetic tree. By
comparing the amino acid sequences encoded by enam and odam in different vertebrates, it was found that
there were two amino acid sequence deletions in fish. The expression levels of enam, scppl, ambn, scpp9
and sppl in the fifth branchial arch (with pharyngeal teeth) and ribs were significantly higher than those in
other tissues (P<C0.05) , and the expression levels of them were lowest in the fourth branchial arch (with-
out pharyngeal teeth). The expression levels of enam, ambn, scpp9, odam , and sppl in the fifth branchial
arch were significantly higher than those in the fourth branchial arch, and the expression level of scpp9 in the
fifth branchial arch was extremely high. The results above showed that enam, scppl, ambn, scpp9, odam ,
and spp1 were all involved in the regulation of pharyngeal tooth development, among which, scpp9 played a
more important role in the regulation of pharyngeal tooth development, suggesting that it was more closely
related to the development of pharyngeal teeth.

Keywords Megalobrama amblycephala; pharyngeal tooth development; SCPP family genes; phylo-

genetic evolution; gene expression
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