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(1. WS KR EERRLR AR D B 2013065 2. PEUKERIZEIGERE AR AR
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N \ 2 2
T 3% = 20

HE H FEAE 2K C1 A X F (mannose receptor C-type 1, MRC1)-2 C AL &£ £ M Kkt ok 7 2 —,
HGmmH BETERE MR R ZER, AERERREL T KEXR#EER, MRCLEEH £ HIL 2
Wi RS PR ) R, B A KRN RRD, HEK, MEGEEEANFAERN
R, wmmREMAENT RNERMERL, £+, KA HHH (Aeromonas hydrophila) 2 & I 1 2
A 2 — o AHF R KA #(Cyprinus carpio) 4 4 A 41 3% Bl 5 & MRCL 2, £ 43 11 MR I,
FHATT HEFETN, LU, 2 F0 txtfn R RS, 455K, MRCL 3t F 7 4y F# 3
NHEFRTFEERSG., #IRLBEMT LI, MRCLEFETE M FRIA L FRBE N LN
AL, EEBEEFLA2ANEN, TMAEEFRALE 11 MFEN, B, KT & AR ESE
fi . WLV RFAEAREBEAL LA P R IB O, RIAERRMRALBEFhREL BT THEALR,
H— P RELEKAERE 4, 12, 24h E MM T NREHRTZ R IR, LI EH I
FILFAEL A 257, 24, HHLG13g0734 ZE B 45 K A 2o 4 h G k£ B % F, HHLG13g0734
R 24 h g RIAEMEE L, HHLG3g0497 RN Lt 2P k% 8 F T, % ¥4 MRCL
HERHBLHEINREGT REMXAERSENENFZEREL, KRARERAH T —F T e
MRCL X FAHMME KA EWH R LB P RENFED M, V2 TFRBEIRHE FRE—FH
BAE At

KEEiA

hESEE S964  XEEERINAD A

fifl(Cyprinus car pio) e KR Y F1 P P 1 X 5 2L 1) K
TOKFRR S, HAA WL msEN R . B
RORE A BAMR, 7E4BR 100 Z2AEZR 235
FAO KAt Wi, SERERAF =5 41895 71 t, 24
i EERIR K K P2 5 BB 1Y 7.7% (FAO, 2020), JT4F
K, B A SRR KV R, Y

6, HEHZHRCIA; SHNEH; RAdtn; BRI ERE
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fe 5 8 % K = sh i 7 A IR B R ) S B 2R B I
Yo B Fhp e A, LR . AN . B AR A
5, ALY ER L, 4K IR A
T H KAy Z 545 2 (Talwar et al, 2018) ., F& /K< P
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1,35 5 #21 (Ctenopharyngodon idella) (Yin et al, 2021) .
% A f (Oreochromis niloticus) (Pachanawan et al,
2008). fifi(Stratev et al, 2015)%, HimfrHbsg) . 3%
PR, TG FH K IR GE LAY & JE (Jones et al,
1995).

HEEEZ K C1 HIKL[F (mannose receptor C-type 1,
MRC1)/2& C HUEEE ZB A% (C-type lectin superfamily)
R B Z AR FK (MR family)i) il 52—, FERIK
T W 0 Y RS 5 IR 40 i F) 4 i 55 T (Stahl et al,
1998), HZEMIAL A BUAMX | B R X RN i X, Hp
MO R 3 AN B 25 RSk A . 8~10 A~ HR I HES )
i) C Btk 7K Ak A ¥ 1K i 38K (C-type carbohydrate
recognition domain, CRD), 1 4~ BRI 8 EE X
(Fibronectin repeats type II, FNII)FI 1 4~ &2 EE
PR %) 41 X (Cysteine-rich, CR) (Napper et al, 2001).
MRCL £ [ 4 ith 1) H- 5 0l 527 R 2 — st 20U 32 14
(pattern recognition receptor, PRR), i i< ifd 7k #4) 45,
REfE ) IZ R4S & Z A ECIAR , 8t 5B AR Z 18] B A
H AR AN E TNF-0 (Xu et al, 2010), IL-1p.
1L-6 (Yamamoto et al, 1997; Zhang et al, 2005)% £ ff
PERAEA LN TRk, R, HE@EWZES 5N 7
A 55 240 XT3 D AR ) 7 s, DT it S e RN A 45 P 3A
BERAS bk $5 F B H (Kerrigan et al, 2009), T
TE 5 K G O v v R ¥R R OB AE . 7E A\ (Homo
sapiens). /) l(Mus musculus)ZE AL s ¥ B A IEA
W5, (BAE a2 p T TAEA X A/ B, FEBE
T, ffi (Danio rerio) (Zheng et al, 2015) ., % ffi(Wang et al,
2014) . K # ffi (Larimichthys crocea) (Dong et al,
2016) . KZZf¥F(Scophthalmus maximus) (Fontenla et al,
2016). M3k fjj(Megal obrama amblycephala) (Liu et al,
2014) 580 2 2 ) S b T EE W AZ IR I . Liu 5§
(2014) KB, H &8 WESZ RTE A1 3k i (1) 32 B e AR OC 2
ZUIGNE AN K 5 B ] e B E R GA UK Dong 5%
(2016)7E XT3N 1 (Vibrio) /= s K # fa i iF 5% Rl A
L, MRCL J R 7 B 9T 10 R BT (0T JIE L LIEE 1
k¥ 2 BRIk SRUTH B 2 R T R fE 2t
PE S A S . Zhang Z5(2005)BIF5EAE R 40
JEL DRI P R S R A S R, T R A AR X N I i v
2 M4 2 240 M PR 1 ) BRSO SRR R . S0 Ah, Al
R, PERKT IL-18 Fl TNF-o 1B 2 MRCL
1 TLR4 (Toll BE3Z A& 4) 3[R /E FH (Sulek et al, 2007;
Tachado et al, 2007)., Wu %5(2018) 75 K I 1 7K < 2 i
PRl AR G I A Sk By o 2 A i 2H 2 R 2 AR
MRC1. R 40MI T TNF-o FHTR KT AGR K
] A R B, IR A TR 5 MRCL AEZH 2 i IR i 2

KA A A Y T TNF-o0 TE BT 6 h Y B2 o ] 2 B
W5 TNF-a BYZRIKFEAR, ERIN TR 40 A7 ARG2
FIXBW T IFTE 12 h RBEE . X LEERFTERI,
MRCL W iEZ 5 IR RN T TNF-a MFLRH T
AGR BB, HEMIE AR UG Y S e SO
KARVE

AT 5T US4 PR 21 B 3 P 4 5 - MRCL
SENRY 11 ANE DL, JFJREENZEA TN . RETiEf o
HrAnILAAE oA, It — A A HE Al MRCL 2[4
F18 DUTE 22 felt R 11 20 2 LA SR v /K < BRI TR S
AN [R] A ] a5 B REURE PR B B B0, B AE N AR TR
FEiE MRCL DN B BT AR SC TIBE Je 7 71 B DU T
ritt Z8 P A B A Bt S A

1 #REF=E
1.1 MRC1ERFIHKEMZEBLEHTN

FIFAS PRSI AH © A 1) i 4 58 D 21 3 IR OT 245 &
SEABHE(NCBI GRS 8 SRP174892, SRP072018)
(Xu et al, 2019), %7E 2% MRCLHH, JHEHUH
LR B A B R UF+2 000 bp [FEH 41 DNA J¥# 51,
F i FGENESH (Salamov et al, 2000) 1 BLAST
(Beyer et al, 2007) 5, & — T iE 175 454 1)
R, JFARAG NI A 2 3R T 91 o ABEoE 30  H
A s A /NEL. JEXS(Gallus gallus), Zk3kHS
(Anas platyrhynchos) . % (Lacerta agilis). AP )JTNIE
(Xenopus tropicalis). 7 i (Oryzias latipes). — i ff
(Gasterosteus aculeatus) ., K & fi . i1 fifi (Tetraodon
nigroviridis) . J& ¥ ¥ 4k fi | K VG ¥ 5 {1 (Gadus
morhua) . ZL& % J5 fili(Takifugu rubripes). B &%
) MRC1 19 & % R J¥ %) i NCBI % # F&E
(https://www.ncbi.nlm.nih.gov/protein/)fl Ensembl %{
P5 J# (http://www.ensembl.org/index.html?redirect=no)
PAs. B MRC1 IS5 T DL 2 508 5 504
i ASCHF, A TBtools [ Batch SMART #1452 i
(Chen et al, 2020).

1.2 HLEMHSHT

LR M 45 AN [) By o () ] 90 366 DA e £ <7 199 L )5 HE
G, FEIEARAAR N — P ok E RN A B R,
55 2 48 F 7] — #H 56 24 434k 1T ok A AN (] 49 i) 356 1A
(AR DL KR G () R <7 M R B 55, 2010; 8] i 58
8, 2021) 0 A PRAFEAS ] Fh 5L R 41 (8] MRCL % [H 76 i
1k AR SFE , 5 5 NCBI il Ensembl 048 5 25 i) A
[FH %0 MRCL L= T Vi 2k R AR A 2 e M 2 i
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WA e DT EER MRCL 11 4 3k (R 241 45 58 T ik 40 87

1.3 SFIIExMARGH L DT

ffi 1l NCBI 7E4 £ )7 % lL Xf T A COBALT
(https://www.ncbi.nlm.nih.gov/tools/cobalt/cobalt.cgi)
XF 14 SRR MRC ZUE IR P 9 #E1T LURT, HEBOAR
[P Fh 58 MRC1 8 B —ZhE, I8 MRCI
11 4% D& (751 5 . NCBI Al Ensembl 504 PEAG R
FIMRFYEBHESI Y MRC1L ZERITHIHIT RS
RBHHT, A N XS gy iy AR
PTE | . =l fn | KRB el @B B R
KVGFEES 0 | ZLEEZRJy i | BE Sy f fEE 15 AP
28 SRAFLIRIT S . A MEGA 11 #4 ClustalW2 72
7B ERIA S BON Z B IR T 914 55 #6472 77 91 LU XT
it I3 T JTT L FR ) 5 B SdEAb BE 2, o7 A5 1R] Y 3
RAME R A v 434k i Neighbor-Joining (NJ)#, Jf:
KA 1000 ¥R E & AR SR EAL & 88 & 4 (Tamura
etal, 2021),

1.4 MRC1 ERFEEESENREHAFHRIZE

RHERTE MRCL HE [H 25 % DI AE fdt Fe R 20 21 v it 3
INTENL, SR 40 REE ARG . LA RO AL E
041, i RNeasy i & (Qiagen)#EHL RNA, JfZ%&
FEM ¥ 2 7 ) I HiSeq2000 W J3°F- 5 #£47 150PE %%
SELLIN Y o S0 A Sk 4L e B8 LA fastaq.gz A SCRK
FAAE , RHI PP 7 80 R A 7 o o A5 TS T 5 2 2 S R A
KM FGR BN, BEEMA Bowtie2 K (https:/
bowtie-bio.sourceforge.net/index.shtml) X It 1% %) fif 2
I RG], f#FH Tophat2 (http:/ccb.jhu.edu/
software/tophat/index.shtml ¥ 5% 5 A9 reads EbXt %
Z 2L I, i Cufflinks (http://cole-trapnell-lab.
github.io/cufflinks/)#F 17 3 [ 5 (FPKM) 5.

(Trapnell et al, 2012), FifiJ5$2 UM EEAC T MRCL 4%
Ve8I, ] R AFRY ggplot2 37 A0 n] 41
Ak J& 7 (http://cran.r-project.org/package=ggplot2)

1.5 MRC1 EFE7F4EELEKS BERE A B
BRAE B RIE ST

AR PRI AR I AT T A JER R B KR TR Y
W H# LK (Jiang et al, 2016), HAARSFE T KikE
(180+25) g A S (15+3) em F{at B SR Bt KL 23 g 52
U5 A AT HR 2, XSG 4 E TR ST 100 L YR A
1x10° CFU/mL Y RE 7K A B A BRI, Xof BRAH AN 5
) 2550 & A JC B PBS . 1 58 R TR AR TS, 43 B7E
4,12, 24 h RENNELA LY, SCH0 20 FINS IRAL 2515 3 4
HE, FAEHE S BIFEHLI 9 %&£, ] RNeasy
X7 £ (Qiagen)F 2B RNA, I ZHTI LA wl HEI 74 5%
T o e AR T 4228 5] NCBI SRA Hds 2, Wik
52k SRPO72018 . Fd i ax Jot s il o a2FA 7 i PR b 1
(FPKM)Yit8 . I Cuffdiff (http://cole-trapnell-lab.
github.io/cufflinks/announcements/cuffdiff2-paper/) X} il
J¥ reads #EATIFEOMT R A IR K G, [
Cuffdiff 7] LATHE AN [R] B [R] 2 448 DL Gt |2 22
5, HEZ R RSEM (RNA-Seq by Expectation-
Maximization, i 28 i KAW)SIE X % AR A TIKOF- 8
i, fifiik|log,(fold change)[>1.5 HAZIE)5 P<0.05 f#E
DUHATIR B o

2 #R

21 t# MRCLERERELEEMEGLHETN

T e 8 28 R DR A O O R R, TR 4 R 2
JUFEHE % E N 11 4 MRCL B %), Hidr, 7efif 3,

®1 #MRCIEEEENAEGKER
Tab.1 Detailed information of MRC1 gene in Cyprinus carpio

A ID PASERYN L GE AT 2| A PR TAR R W& T
Gene ID Chromosome Start End Exon number Intron number
HHLG3g0497 LG3 14 222 255 14 233 285 31 30
HHLG4g0565 LG4 15417 583 15430 007 30 29
HHLG7g0562 LG7 17 794 425 17 818 103 6 5
HHLG8g0657 LG8 25248 854 25254 564
HHLG13g0210 LG13 8394 106 8398 449 30 29
HHLG13g0734 LG13 27 112 504 27 174 011 13 12
HHLG13g1096 LG13 35 877 554 35 889 293 14 13
HHLG14g0062 LG14 1 887 458 1 905 784 10
HHLG31g0289 LG31 10 775 952 10 796 726 10
HHLG42g0001 LG42 10 891 30 765 50 49
HHLG42g0228 LG42 5715282 5720 812 12 11
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HHLG3g0497 —fi—Ricm>—(NER3)}—(Grb)—(C (GG} (@ iiiiiiiﬁim

HHLG4g0565 (CRD}—{(CRD}—{CRD}—(CRD}—(CRO}—{(CRD}—(CRD

A HRISBRI = TS IS

BEILPE TF5/8 CHpzs IR
@ECE% HEE ., FEM

HHLG7g0562 -(CRD}—(CRD

T 1
@ AR IR

HHLG8g0657

@ R RS

P
HHLG13g0210 —{Ricn> @@ (CRE}—{CRO}—{CRD}—{CRO}—(CRD}—{(CRD}—{(CRD) .Irg‘%ﬁi:

HHLG13g0734 LG-ike ’@ ’@ — RN
HHLG13g 1096

HHLG14g0062 @ @ @ @ @ CRD
HHLG31g0289 {CRBHCRD}————(CRB}—(CRD)

HHLG420001 =GR HCRDHCRDHCRD—{(CrD{FAsscKLeaD{CROHCRDHCRDHERDHCRDHERD HCRD)

HHLG42¢0228 {CRD}—{CRD}—(CRD}—{(CRD}—(CRD}—{CRD}—{(CrD}—{(CRD

K1 i MRCL A [R5 DL 2 1 454 380 B
Fig.l Protein domain prediction of MRC1 in C. carpio

4. 7.8, 14, 31 SHAMK F&KHEE 1 K75, 425
el BHRF) 2 54,13 S Yk L3R E] 3 456 MRCL
RN ERBIERE 1, ghmxt MRCL J£A 11
A8 DL B A5 A S A T TR, S5 R a1 FR,
Hor, HHLG3g0497 . HHLG4g0565 1 HHLG13g0210
PR 5 R v BEARLRL, A0 3 H SR 0 A2 AR B 11 0 G B 2
Fylal, B8 A~ HIBEHES 1Y) CRD 454448 F1 1 > FN2 4%
Mg, Z45 05 KRB MRC1 25 BUHU A0 — 2
HHLG42g0001 WHEIMZEMEE 1 AMESRE. 12 4
CRD Z5#93, . 1 > FAS8C 453 A1 1 4~ LCCL 45#y
B A A4 DL 2] 2~8 % H A% CRD 45
(AR

2.2 MRCl1ERF#ENHILRMLLED T

MRC1 JEH N AP A EZ IS, 5
A ANECL JERG  SRSLRE b AR |
STEEZR TG . BE 04 15 MUEMY A MRCL 3
PR ¥ DUBGHEAT HO B, R IRAEAS [ 9 Ff i MRCL 3 A
T ARRENZHE IS, 3k 2 Fi/R, MRCL 3
PR FE A8 40 (4 0 v Sy B4 DL AR B £ v ) =l
f | KPR (RN BE D (P A e 2 N DL, i 7R i
WIAETEZ 3K 11 AL,

h T BN [ Rl MRCL 6 R ] PR
PARAESE AL E AR SR, XFA L ZNER L TR L T |
W . LEEA T EE . BETfa e 8 AN MRCL
FERHEATIL LA (B 2) T ERGL (AR B 1

et R R BRI 2 0 1 FURILZRPESC R, IR
X 137 BE G £ 2 5 Y A MRC1-b 5 PR Fir 76 % €6 14 fiy g
3.4 SR AR H ARy KW
HHLG3g0497 F1 HHLG4g0565 X 2 /M4 D343 Hr .

M HT 4 AT IE 1, MRCL 3 K 7E k4 F BLA A X}
B RIS . 5 MRCL 3 PR B M fe o 1) 2 45 5

®2 @BIMHAMYF MRCL E F ¥ N LB 5
Tab.2 Copy number of MRC1 gene of
C. carpio and other species

Y4 Species ¥£ 1%L Copy No.

A\ Homo sapiens 1
/INEL Mus musculus

JE XY Gallus gallus

£ 3L B8 Anas platyrhynchos

15 Lacerta agilis

JTUE Xenopus tropicalis

T Oryzias latipes

=}l 1 Gasterosteus aculeatus

il fiti Tetraodon nigroviridis

JE & B 4k {1 Oreochromis niloticus
K VU FEES 1 Gadus morhua

J ik f Latimeria chalumnae
Kt Larimichthy crocea

41 #i& 75 J7 #fi Takifugu rubripes
BEh 41 Danio rerio

#f Cyprinus carpio

— N —m ok om N o N o e e e
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%18 AW 22 $E D] FL R MRCL A4 JE R 4H %8 F T ik Hr 89

H jens  Mi /J\ﬁl Gll)mgll Xe v lis La o 7 Takgzmﬂm;:ﬂiE qug e O -

ong hiﬁ%lem us (':"hfzcuus a usga us enoprés hirgptcau Cérlﬁzaglls fuguru ripes a'&olr r;no @P’lgﬁmfl’w }’P"gﬁ ga"l”" hacdl: 3-FIETEEEANKEE
stam: {551 FBACRDT
tmem236: PR H236

hacdl colecl2 colecl2 colecl2 coleci2) mrcl: HERHEZACIA

acl | (hacar) l J I ) l ) (ke "5 BB
slc39412. 3

(_stam ] [ stam ] &um_] hacdl cacnb2: FHESFIRIEB2ELELH
colecl2: CRIGEERZA12

fmem236|  fmem236| ackrda: FEMLEF3ZMk4a
e2fs5: #RRT

4

2 MRCL R ILLE I3 H7
Fig.2 Synteny of genes neighboring MRC1

iiH B2 WEAEHE N (cacnb2), FAfE T AL /ML, T
JIUE | Wi . LTEEZR B BRI RN 8 AP
JfH. cacnb2 3 [H 78 81 FNBE D f0 3L R 4 AL TF—30
fE, #ALT MRCL N [, i 76 HoAth 4 Ff o
cacnb2 JEH A7 F MRCL £ R, X nlGERAEIEL
HRPIERNBET S0, C BIBERZIR 12 &K
(colec12) . cacnb2, JEHLAYEfL [H F 57K 4a FEH
(ackrda), HskHF £5 FEPH (e2f5) ¥ HE T HEFIBE 5
1 MRC1 J&[H R iif. Aok, T 4 S YLk B
MRCL | T Jiif (/) 3 R 43 A RN BE 25 £ | 35 R 9 A1 g i
FHARL

2.3 MRC1EZHEFIILL3T R GHL DT

M\ NCBI F1 Ensembl 4l 445 2 2] 1) JLRIC et
YWRE MRC1 ZIER 793047 2 )7 5 L R R G2k
BN, WA NE JEXS GRS Bk R
JME . FEE . =) MRCla, KiEfa, jufili . J@
BHAR . KVG S ) MRCla, ZL6E4 i, B
O fY) MRCla, M#ffff) HHLG3g0497, &t 154>

15 MR MRC1 MK E Kik—3, Hi, 5
fifl MRC1 25 F— 0P 5 i 1R 2 BE S F.(81.98%), — L
P R AT ) 2 BT 55 (4758 %)

ARG T — B R F B MRC1 3 [H fE 3%
DR R R 225, R MEGA 11.0 #/F#
ﬁ%%%i&{wﬁo WE 4 s, R, 5

VAT BIRIZS RNt 2E 5 A3, 0 AR
%f RVE R @ LR P E PSS SN SU AN

u/J\ﬁ%éz‘%aé/%%ﬁ%%T—ﬁ_o e, 3
4 5 R I 45 K 5% % ) HHLG3g0497 .
HHLG4g0565 Pi#5 01 5 RV EEES g MRClb #
W SRy MRCIb #01 =it MRC1b % Il
REN—IWAr3 . 8 HHLG13g0210 #0155 & ffr
() MRCla 5 DU g — 32, 7 Bl o JF Al s -1 £ 28 2R G
— A4

2.4 MRC1 7EEREMEEATAE. BAFE. A F0RRA
LA RE

MRC1 7 f i Byl f6Hfio 1L A 2H 21 4% % Dl 36

+ MY B BE J > =N FIJ =]
YIRp) 28 KEHFY) . 28 g R B (E 3), IRTE O = AL, KB A 430 /& HHLG3g0497 .
Y% Name | Hisd Alignment | K% Length] —Zttk dentity
I1 10() Z(I)ﬂ BLIK) 4(|]0 5!|]0 6<|)0 7(|)ﬂ BIIJO 9(|]0 1 K 1,1loo 1,2|00 1,3|00 1,100 1,51|6

A Homo sapiens —m-m——m-uv L 1456 49.52%

N Mus musculus RTT T ) N AN [N- - |- 1456 81%

TR Gallus galhus N 1) AT 0 N 1458 5027%

8 Anas platyriynchos - 1 AT N | O AN ) - 1463 5027%

4B Lacerta agils |« O ) NN I | RN AN [ - - 1452 4158%

IR Xenopus iropicalis . - ] | HRT  NA  HEE OINAN JY -~ - 1450 48.46%

Ti#f Oryzias latipes | I - I | DA, - - | 1,430 60.90%

ZRI Gasterosteus aculeatus | NN | N T Y - |+ 1,448 61.04%

i 14 1T T T T A A NTIOH 1,335 60.89%

1 = T A Y Y - i 1,436 61.15%

| O N —- (] e 5696%

« | O R - - | ey 65.09%

LIEHR S Takifigu rubrripes | 4N | I O - - | 1,434 61.70%

$EI 1 Danio rerio [T TR T T THTO T T Il 1,441 8L98%

1 Cyprinus carpio I AN A Il 144

K3 8 MRC1 2 F -5 H A R 751 H T
Fig.3 Alignment of MRCI among C. carpio and other species



90 woool B gt R 5545 &
—99|: A MRCI1-Homo sapiens W% Mammal
/N MRC1-Mus musculus
9% i‘: JR3S MRC1-Gallus gallus 93 Avain
82 %30S MRC1-4nas platyrhynchos ~
W45 MRC1-Lacerta agilis | TEAT3 Reptilia
Jifs MRC1-Xenopus tropicalis | Pifi3k Amphibian
FH# MRC1-Oreochromis latipes
66 JeZ B HEfs MRC1-Oreochromis niloticus
AL,
87 { Al MRC1-Tetraodon nigroviridis B 2% Teleost
99 LB AR I MRC1-Takifugu rubripes
74 =H}lf1 MRCla-Gasterosteus aculeatus
78 K31 MRCI1-Larimichthy crocea
67 ) RPGHAEHE MRCla-Gadus morhua
— Bt MRCla-Danio rerio
99l @ HHLG13g0210
99 =1 MRCI1b-Gasterosteus aculeatus
88 KupEtEta MRC1b-Gadus morhua
76 P51 MRC1b-Danio rerio
68 @ HHLG4g0565
@ HHLG42g0001
@ HHLG7g0562
@ HHLG8g0657
@ HHLG14g0062
99 @ HHLG42g02288
@ HHLG13g1096
@ HHLG13g0734
@ HHLG31g0289
Kl 4 MRCI HH RGN
Fig.4 Phylogenetic tree of MRC1 proteins
20l A Gene_ID 2.0+ B Gene_ID
as HHLG13g0210 E as HHLG13g0210
E bl$'HHLG13g0734 A5l b'ﬁlHHLG13gO734
15t C#HHLG13gl0%6 ‘= | . ¢« HHLG13g1096
= d« HHLG14g0062 2 d& HHLG14g0062
r% 10 e HHLG31g0289 — 1.0+ €4 HHLG31g0289
- fe HHLG3g0497 & f & HHLG3g0497
] g+ HHLG42g0001 ;§ 05 g+ HHLG42g0001
® 51 . h& HHLG42g0228 i ) h& HHLG42g0228
= + ., i#HHLG4g0565 = é is HHLG4g0565
0f , “=m—tmem 7 == | =b=ede j#HHLG7g0562 Of | mbmemmem=E | edmem | s j# HHLG720562
a b ¢ d e f g h i j k k#HHLG8g0657 a b ¢ d e f g h i j k k#HHLG8g0657
HH T35 Gene ID HHFF5 Gene ID
6l ¢ Gene_ID D Gene_ID
g °r 24 HHLG13g0210 3 60| | as HHLG13g0210
5 bs HHLG13g0734 &. b HHLG13g0734
P 4 HHLG13gl096 ¢+ HHLG13g1096
2 4r d+ HHLG14g0062 & 40 i d& HHLG14g0062
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Fig.6 Expression analysis of MRC1 genes at 4 h, 12 h and
24 h after Aeromonas hydrophila infection
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Abstract Mannose receptor C-type 1 (MRC1) is a member of the C-type lectin superfamily that
encodes the mannose receptor. This pattern recognition receptor plays a key role in the innate immune
response. The role of the MRC1 gene in the immune response of mammals has been extensively
investigated but less so in fish. The emergence of high-density intensive culture in recent years has
increased the frequency with which diseases caused by pathogenic microorganisms have occurred.
Aeromonas hydrophila is one of the most prevalent pathogenic bacteria. In this study, 11 copies of the
MRC1 gene were identified in Cyprinus carpio for the first time. Domain prediction, collinearity analysis,
multiple sequence alignment, and phylogenetic analysis were conducted. The results showed that the
MRC1 gene has been highly conserved during evolution. We found that the MRC1 gene exhibited varying
degrees of the multicopy phenomenon in different species, ranging from 2 copies in most fish to 11 copies
in C. carpio. Simultaneously, the expression level of each copy in the brain, muscle, liver, and spleen
tissues of healthy carp was examined and compared. It was discovered that immune-related tissue
expression was relatively higher in the spleen than that in other tissues. Further comparative analysis of
expression in the spleen at 4 h, 12 h, and 24 h after infection with A. hydrophila revealed that the
expression characteristics of different copies were distinct, with the expression of HHLG13g0734 being
significantly up-regulated after 4 h of infection, HHLG13g0734 being significantly up-regulated after 24 h
of infection, and HHLG3g0497 being significantly down-regulated throughout the infection. It indicated
that only a portion of the MRC1 gene of C. carpio retained immune-related functions and participated in
the immune response. Our findings contribute to a better understanding of the immune function of the
MRC1 gene during the process of defending against A. hydrophila infection and serve as a fundamental
data reference for the molecular-assisted breeding of new disease-resistant strains.

Key words Cyprinus carpio; Mannose receptor C type 1; Duplicated gene; Phylogenetic tree;
Aeromonas hydrophila
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