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J 38 38 Ry R E AR . KGE I R T
AT AR o BE RS, R — BB Al B 0 2 K I AR
H 58 & B, TEBE L i (Danio rerio)7K il i
HEEA 20 DNIEEDT @1 Cyprinus carpio)Fil
KPGH:EE(Salmo salar)™ AQP FEjit i 51 43 ] 15 ik
38 1 42 AT,

3k il (Megalobrama amblycephala) X 44 i,
B, E ERA ROk, 2K
B H A EZEnFaMZ — . HEEMA
(Ctenopharyngodon idellus) . #E Fl # (Carassius
auratus), kG ERRE K22, 17 2 SR
KFEFE R, Pk A K R E 32 2B B fR
HIU, M T AQPs 1E 28 I ER AR Ak e AR R Y
FEAEH, ARFEXTA L A0Ps #E1 74 5 R
AWGE o ARG Se R A A5 82 7 X A Sk
fifi AQPs ZZIRM AT 58, TFOFSEAA T B A
gt e ke i S HAE S H AP Ry R IR,
FFXF R EE W30 T i AT 3k fijy 5 20 ZURE S 3R 38 P
TIwst, B Rt —PR5E Bk A0Ps FKEHEEN
iR RESRHES T, I N TR AIRSE A1k 93 )i
ENER Il SIER Y3 e S i

1 ##EITTIE

1.1 HRRERLLE

S50 8 FH 1 T Sk fl >R 1L 9 Vg A A 2 A Sk i
BRI, AT (2040.5) g, &K (17+0.5) cm 3t
100 %%, TEVAM#4E(8.0£0.1) mg/L, TREE(25.0+ 0.5) °C,
RN 0 FITRE IS AL (100 cmx80 cmx 60 cm)H?
BRI 3 2581597 1 A Sk, i 120 mg/L
[i] 2 2K IR £ T PP R 3 (MIS-222) AT PR
SR Je WORH 0 20 U6 W R 2R 5 IR AE T80 "C K
AP, HZVEARG . L R B . WL OIFL
FERR AN, A7 T80 CukAs A TR 825550 .
1.2 ERE R

SR L 3k G A R B il an S5 F T B ZUB S
“EARAE K AQP3b T A3k i i v 1) e 5k, X A Sk
HEAT 7 d (R aE S50 o PRBE 1.1 B R A (R T
& 1 A1 3k B85 78 /K R B B5 T (35 em>40 ¢cm>40 cm)
HEATER A S0, iR 3 N SCERdl . Rl
B 2, 3. 4, WA R 0, BAHRE 3

FAT AT HIFE 0, 1.3.5.7d B3 B A,
S A8 A 57— ST 8 R R v, JBCAS )
B R T80 CrkAaT, I TIRZm,
1.3 BALHHkBEERERMNFELEES S

£ NCBI ¥4l e T #1413k i BE R 4 7 51 . B
PRI 40 13 B SO (GFF) 2R 90 SCPF R A7 1A 2k )
AQPs HEH Z G 01 585 504 . LIS E L AQPs
RS DN R 1 7 901 S i A SC PR, DT Sk B
GFF SUIHERZ7%, 8] TBtools B4R H A Sk
i A0Ps SEHFIEM A5 E, JFilid NCBI Blast
B e [0 e Wi AQPs FERFIEALA o
MEGAS5.1 [ Clustal W %] 413k 7 AQPs 2 L2
FE 9 AT X #8 i R G2 A B # A k 7 AQPs
BT SIE o A S, 1] TBtools #4743
PriRsyBL7, B S R F $t o 15, Hifth
SHCHERINE . #FH TBtools HK {44347 3 K 2544,
Y8 A b Y 2R BT S Y X (coding sequence,
CDS) J2E ##7% [X (untrans-lated region, UTR). {ii Fi
TELR 2} NCBI-CD search HEATARSTF 454 50 HT,
55 {8 ] TBtools B4 xf RGEFALRT | He P 4544 |
BT B ARST A5 kAT AT Ak
1.4 [Fk&) AQPs EERERFBUHENM . HLkit
DMRRFEEE ST

DA AT Sk i 4 FE DR A1 1 B SO GFF &%, F
F TBtools # A4 FI WAL A1 3k i AOPs Ye (AR e (i 14,
TR BIL 1 AOPs FRE ML 7 gy AR i fr
BF B . ] TBtools ¥4, i A SCAE A Sk 4>
HE PR AH B ST AT 2k Bl AQPs JE PR AT Ay 3
LA T

£ NCBI B4l N aRBE St . 8. A (Homo
sapiens)FI/NER(Mus musculus)i) AQP & FEMR ¥ 51 .
] MEGAS.1 81 X5 i A AQP 2L MRy 91 k47
ZHIFHILNT, UL WAGHF IR RS L W,
Il FHAE 2Rk evolview X5 SR IETT AT AL .
1.5 AEYIF K HE &

B 1.2 [5E TR R P REEHLT 70%L
Pt rh DR AF, R AR B S AR S B Y A RN &
RERRRE K WA AW L) (R
JEZ) 0.6 pnm), SRAZY) T EBREBIK . TRAK-
Prergefs . oK. hYERNRE B, JRTEDE S BN
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BE NS IFA IR . ] Image] BA: XK - 157
FEES . AHABPIEE /N RS d (um) . 2 )4 iE AT Y
B H (um) | RN R A T (um) BRI
A OLERI 30 ORSFEHIME

JZ [B] 41 i A A AR V= dHI
1.6 EBTZHEEE LI (qRT-PCR)

e A7 T80 CUKAERYZH L, i/ TRIzol
(TaKaRa, HA)FEEA LG RNA, ffif] Fast-King
gDNA Dispelling Super-Mix (KR, Jbxu, FrE)x

5 cDNA 52 5 9l 52 4% o i NCBI
Pick Primers 7EZRARMA5E 11519, 5I9F5 WL 1,
WS ILFBEH 18S, B B9 e B 43 M il 2 fiff
e PCR f RSG5, ] SYBR Green
Ex Taq (TaKaRa, HZA)fE CFX96 Touch real-time
PCR JOERIUHEST qRT-PCR #7445 54l i
2 MM W T L Sk Bl AQPs AEAS LRSI
AQP3b TEMBZI XS Rk &, Z5RER N 3
AR 1T Y EEAR 2 (X £SD).

£ 1 qRT-PCR3I#FF!
Tab.1 ¢RT PCR Primer Sequence

5194 i FEA(5-3) 5194 B FA(5-3')
primer name primer sequence (5'-3") primer name primer sequence (5'-3")
AQPOa-F ATCAACCCAGCTGTCACGTT AQP8b-F GTGGCACCGTACCTGATCTC
AQP0Oa-R CAGACCACGAGTTGCAGAGT AQP8b-R GAGAAGCGTAAATGCCGCAC
AQPOb-F CCCATGATTGGAGGCGCTAT AQP9a-F CATGATGGGCGTCTACGTGT
AQPOb-R GAGTCTTCAGCTCGATGGGC AQP9a-R TGTGTCCTGTGGCGTTGATT
AQPla.l1-F GCTGAGCTGGTCGGTATGAC AQP9b-F GGGCACCTAAAGGCATGGAG
AQPla.l-R CAACCCAAATGCAAGTGCCA AQP9b-R GTCTCTGGCAGGGTTGATCG
AQPla.2-F TCAGTTACACTGGGTGTGGC AQP10a-F CTGGGAGACCTAGCCTGGAT
AQPla.2-R ATACGCTTGCCAAACGCTTC AQP10a-R TGGCAAAGATACTGGCGGTT
AQP3a-F GAGATTTCGGGCCTCGTCTT AQP10b-F TCTTGCATTGGGAGACCCTC
AQP3a-R CAATCCTTGCTGGCGATGTC AQP10b-R TGCCGGGTTGATGGCATATC
AQP3b-F TGGCTCGGACATTTCAGGTC AQPII1-F TTCATTCCACGGTGCGATCT
AQP3b-R CCATGAGAGCCTCCGCTTAG AQPII-R AGCTGACATGAGATCCGTGC
AQP4-F TGGACAGTTTCAGGAGGTGT AQPI2-F AGGCGTAAGCGGAAATCCAT
AQP4-R GGAGGGTTCTCCTGTTTGGC AQPI2-R ACTTACCGGCAACTACGAGC
AQP7-F AGGACGGTATTCGAGGCCAT AQPI14-F CCAGTTGTTCACTTTCGTT
AQP7-R CTTGTGCAACACAGCCAAGG AQP14-R GTGGCTGTCATAACTTGTTT
AQP8a.1-F AGGACCCGAAGTCATCTTGC AQPIS5-F TTTCTCCGGCATGCTCAACT
AQP8a.1-R ACCAAAGCACCAGCCATAGG AQPI5-R CTTAAGCCTGCGACCAATGC
AQP8a.2-F AACCCTCCATTCACCATCGC 18S-F ACCGCAGCTAGGAATAATGG
AQP8a.2-R CCTTTGACATTGCAGCTCCC 18S-R GGTCGGAACTACGACGGTAT
) RS (HZ& K EER A, 35 AQPOa, 0b, 1a.1, 1a.2,

21 KBEEHERNEESHH

T AT 3k 6 L PR 20 v R M5 19 A 40Ps FR
BT, XA SL G AQPs W2 FE IR T 41 LLXT o &,
Bk AQP12 4h, #EEFA 14 NPA 37 (B 1),
WK 2 FiR, BSKEE) AQPs Ik 4 AWK K:

4. 14, 15, QA HWEHEM, 45 AQP8a.1. 8a.2,
8b; 3K HhiEE S, 4E AQP3a, 3b. 7. 9a,
9b.10a.10b; (HIEIES /KB, B AQP1L,
12 F13k t5 AQPs AH [F) 45 2% 1) 35k PR 45/ AH 81, motif
AN R HE P e, B Il — AR sF
ghfy s MIP,
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* 20 * 40 * 60 * 80 * 100 * 120 * 140 * 160
MaAQP0a - YETMFEY FEGMGAALRAT A QVAFCEGI222TLI0SICHE TEaYLIGSGYSLER : 85
MaAQPOb : FETMEED E RWT YEVEHTAICEGE22ATLICSIGH \FAYLVGSQYSLER : 86
MaAQPla.l : LESK2E MTEERI FLSITAAYGNSNNDKE -~ === === === === == === C ; ~ LGLLASCQISLIE : 87
HaAQPla.2 : 1% MTIE FIGIASA YP---D( B il 2 AW IGLLUSCQUSEER : 88
MaAQP3a : KIMIDKLAETEQIRNKL LROGIZBOLT LI MFGCGAVAQVVLSE SHE--GLE 1t {ESLCLLEREKWRE : 100
MaAQP3b : QKVLLEKMARTEQURNLL--—-—-—--] TLIIIMFGCGAVAQLVL. B T S FSLCLIGREEWRE : 100
MaAQP4  : ——————ee MTSCGALDSERRCYSSCSCHNRI TCE Y AMLIEYLLSLGSTIRWARKG 155 CEG E 22MV2TRKISIZR : 116
MaAQP7 DGIRGEMAPTVVYSMIKIKNEC IRV 3 CTEIMVEGLGCVAQVY FE--GESI ; FIMCVEGRIRmKY : 102
MaAQP8a.1 ~-MISVESKSELFTVATGDGGDSHQNTERKSEFERY—————————- IQEQ STLEY FVGCVSVMGNVGI. CVYLIGGYELIL : 109
MaAQP8a.2 : ---MSVEVERLELKELDKTLLKKNESSEEPLSKYERT IQEC LT TFEY FIGCVSVIENVE! i I2INLCGGYOITY : 109
MaAQP8b : MESKILGHSEQRDIRASERMAEDKVELNNMEKALMDKMGCHSMREENLYE! PR T F T TFEY FIGCVSVIENVED k5 WRE SERIATYLCGGYRIKY : 127
MaAQP9a : MKHHCAIKEGY. TEVIY LEGCGSVAGTVLSR—————————=-——=——-] NIL--GERJTVHIGE STGLMMGVYVSEG REAR-L2MVITGRIKINR = 90
MaAQP% : LEKLRNLRGKCMLRRDI-—-----—- TREESARLAETEVIAL TVL. I--GEBSTIHEGE Y LAMVVVGKIPTKE : 98
MaAQP10a : T L TR TEETEVINL VKT. ETK--GC LSECVIGDUAWIR : 96
MaAQP10b : RLLRRCRIKSSL-------—- FEEVYVIHIL VITSQ---——-——=—==—===-] NIK--GDYMSI Y5 LSLCVIGRESWIR : 93
MaAQP1l : —————-————mmmm -] MADLTVSLSLLVGIVVESEVARRIASYLEENRT--———-——- 11 --FCLCACTEELKLLAE EQIGLT : RETEALECLCRETHIRRC : 106
MaAQP12 : MSGINASLGYELTT W-TE --FAL2ACRLEVDTIAE aw I IMELLCKDNS2V2 : 107
MaAQP14 : MATKEELRSRCE 61 s snvmswpsm: s ¥ ZLL2TRK/OVER : 89
MaAQP15 : -NIEYGESLKNCNCKEKILCYWRSRIRGATQTDCKTRRRRSTMKELSTESLILRDVASDLFIRDMEQ !151ssvvmEﬂnswlsm:sntunut!mm T I LALVAGLRJSEWR : 155
* 180 * 200 * 240 * 260 * 280 * 320
MaAQPOa A INTEQPGISIE-——————————--] MATTIRR FIFLC F--F TDERRNGR-1GS22L Tk FSR IVGHILGMY Wit G RE 2E 21 --¥rH I:210
MaAQP0Ob NILCEGISLG-- ELuy F-EgT -LGSRALSEF S AFTey | 22 L--MRI 1:211
MaAQPla.1 —RMINSDISAG-- E2EC I-— TTDKRRRDV-SGES2BL2 G LRCLGHITAT COR B2l T-- LRI} c : 209
MaAQPla.2 AVLA---SGLYE PDP-DITLG---—¥NMLGKGVIAG————————————~—f F20EC L-—STIDKERIDV-TGS2PLA ¢ LRGLCEIVAIS Yk CG R Fle 20 T--LE2 I:212
MaAQP3a DAk SFLG---BATEAEYHDAN YL NEYLVVGPKATAGIFATYPSEELTILNGEEL{eY L- S VDPYNNPIPEGLERF UL FSRIVI ¥ F FI2IAG;GGEVETARECWELLPIFASFI : 254
MaAQP3b AELG-—-. FQY¥IDAIWDEGQGS - VWVGDINATAGIFATYPSKELTLINGEECfest -3 VDEYNNEIPRGLEAFT (s FRLVIGQSMGENEE ¥, FI2I2G;GSEVESENSYWSE PVEAREI : 252
MaAQP4 VG- Y T G-—-— TSURSEISTE—-——————————-] 1T EFEMVETY F-— TCDEKRSDL-KGS2ALZ L LSACIGHIFATE YR I--MGK 241
MaAQP7 1 ESFLA---AGTLETY YYDATEEYCGGN--FTVSGEKATAGTFATYPAFYISTYTGEET) -5 SDORNCEVVAGGERVG TR LI TG SIGSREE Y, FTIMAC 236
MaAQP8a.1 MAkGVIZ---AGL2K2 TINEZEGNAT SREG IMILEM To Y SHGER NGRTRSEL--—-2PFO & LIRTANIMAGGG ik 2 v 236
MaAQP8a.2 pLkGVL TSHENYMRATGA-AFAILTSOEQL AMICIE Ty WELGS ———-VEEMTE CTR IVNIMAGGD Vet TOM Fl 2L --2NE 236
MaAQP8b LT GLLG---AVMAKGY TSNENYAKACGA-AFTLLCADDEIV 2M CIH T VL LG VEFILE CTR TINVY AGGD Vi IO F 20 L--THY, 254
MaAQP9%a AFV YYDAEMDFTSGI-—ISVIGINATGHIFASYEGRELTVIGGEV -3 VDGRNIGAEKGVERLA X LIMIGIS SMGINCE Y BRIl DL RIFT 242
MaAQP9b AFAG---SCA YOI YYGAFTNEDNGQ-— LVIGERATAKIFASYPGERLSLLNGEIL - VDKKNIGAPKGMEPL VI (s LSMIAIG SMALNCE YE | o RIFTALAC 250
MaAQP10a AYLa--- Y1} YEDATMEYSGGI-—# IVEGPNETASIFATYPTDVVSVQINELLf ALLEPTATWILGT (Y FTETAC 248
MaAQP10b AFLA---BATYALCYYDAINDYTGGE-—J TVSGATATAGIESTYEADYLSINGGYVL[ 2C L--GDEENTEAPEGLEEVI F2VRIVI v2g ! e RIESYTAC 245
MaAQP11 VVARL' $1TLSOMBACET---—#MAFKCTNSEI-——————-] N2FLLCARAVRY SCAFVETA S-~H DRVEEKYR-———- VHRL ARVHTTLVYAGGEL VY Arsmncrsmsnn 238
MaAQP12 YEATVVAGKYWEELTOMENT CSTSL v "csvrusmrnﬂvu- KNRSCLLR---—- IPTFALIMTEI2YAGNNYSG AYALTFICEGH 238
MaAQPI4 GIL2---TGIJYLTLELKSTACKY Q2L2M -r F--S EDCRRREI-NEEGNLATF FAR TTATF IAGRERE 2 RE: S iI--1G EBE 214
MaAQP15 : LS2---C2LE LG TETALRSNL VYL C--B2THEKS2FS--SVABAVRL LSQ TEGHIMATGERECG Y & L--THNE! 279
N vz s = ~
B Pk K08 E 3 R SRR 51 LS
Fig. 1 Amino acid sequence alignment of AQPs in Megalobrama amblycephala
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Fig. 2 Phylogenetic relationship (a), motif (b), conserved domain (c), and gene structure (d) of
the AQP gene family in Megalobrama amblycephala
a. Use Clustal W to align amino acid sequences and construct a phylogenetic tree using maximum likelihood method.
b. Different colors represent different motifs. c. The blue area represents the conserved domain MIP protein sequence.
d. Green represents non coding regions, yellow represents coding regions, and horizontal lines represent introns.
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Fig. 3 Chromosomal localization analysis (a) and intraspecific collinearity analysis (b)
of the AQP gene family in Megalobrama amblycephala
a. The yellow font in the figure represents the chromosome number, and the red font represents the AQP gene name. b . Gray
represents the collinearity of all genes in the pufferfish, while red represents collinearity within the AQP gene family.
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distance (e) of the blunt snout bream under different salinity levels
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Identification of aquaporin family genes and expression study under
salinity stress in the blunt snout bream, Megalobrama amblycephala

LI Shanshan"??, YU Xinxin"*?, ZHENG Guodongl’ %3 70U Shumingl’ 2,3

1. Genetics and Breeding Center for Blunt Snout Bream, Ministry of Agriculture and Rural Affairs; Shanghai Ocean
University, Shanghai 201306, China;

2. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture and Rural Affairs; Shanghai
Ocean University, Shanghai 201306, China;

3. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai
201306, China

Abstract: Aquaporin (AQP) is a transmembrane transport protein that plays an important role in biological
processes such as water balance and osmotic pressure regulation. The blunt snout bream (Megalobrama
amblycephala) is a unique herbivorous freshwater economic fish species in China that presents limited growth at a
salinity of 2. To further investigate the structure and function of 4QPs in the blunt snout bream and its adaptive
characteristics under salinity stress, 19 AQP genes were identified throughout the entire genome of the blunt snout
bream using bioinformatics methods, which showed that they were unevenly distributed on 12 different
chromosomes. According to the phylogenetic relationships, gene structure, and motif analysis, the AQPs of the
blunt snout bream can be divided into four subfamilies. Moreover, the gene structure, motif composition, and
sequence of the same subfamily were relatively similar. Multiple sequence alignment of the AQP protein
sequences of the blunt head bream with other bony fish and higher vertebrates was performed, and a phylogenetic
tree was constructed. The results revealed that the AQP of the blunt head bream was highly conserved during the
evolutionary process, which is of great significance for further research on the role of the blunt head bream AQPs.
The qRT PCR study showed that the expression of 19 AQPs was generally low in 10 tissues, including the gills,
kidneys, intestines, and liver of the pufferfish. Among them, only the expression of AQP3b was highest in the gill
tissue responsible for osmotic pressure regulation. AQP8a.2 was highly expressed in the intestine, while AQP12
was highly expressed in the liver tissue. Further research has shown that under salinity stress of 2—4, there is a
positive correlation between the volume change of interlayer cell clusters (ILCM) in the gill tissue and the
expression level of AQP3b in the gills of the blunt snout bream. In the initial stage of salt stress, the expression
level of AQP3b gene significantly decreased with the increase of stress time (P<0.05), but gradually recovered
after adapting to salt stress.This indicates that the blunt snout bream undergoes gill remodeling under salinity
stress to maintain osmotic pressure balance within the body. This research result indicates that AQP3b plays an
important role in salinity adaptation and osmotic pressure regulation in the gill tissue of blunt snout bream. The
systematic study and analysis on the 4QPs of the blunt snout bream revealed that members of the family of AQPs
exhibit evolutionary and functional conservation. The study on the morphology of the gill tissue and expression
level of AQP3b in the gills of the blunt snout bream showed that tissue and gene coordination occurs in response
to salinity stress and has positive regulatory effects on osmotic pressure changes, thereby helping the fish to adapt
to environmental changes more quickly. The results of this study provide a molecular basis for further research on
the adaptation mechanism of blunt snout bream.

Key words: Megalobrama amblycephala; aquaporin; gene family; gene expression; gill remodeling; salinity stress
Corresponding author: ZOU Shuming. E-mail: smzou@shou.edu.cn.
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