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AR T BT R 64 B AR R BE T £ fe % T T
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fii I Image J A ¢ #E 47 1H %0 . i H GraphPad
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B BRATR 90 d Ay BE 1 £, i ik 4 AN AR I
A BEALA PRI 2, (MR 2 1.5 /L 1Y MS-
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1.5 MDA RNABWRRSEZENF

Huab B 90 d () BE 55 6, AT REHLE 2
&, v i A AV R 41 4% 6 R BE I fa, f ]
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Ik, YR R S A7 AE 80 °C Trizol 325 2 HUKZ Ik
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I KEGG % 45 /5 4 22 5 & 1 9 9 2 9 kA7
Pathway 7M1 (454 KEGG FERRSE R ) , I R JLAa]
3 ARSI 1 7 B D Pathway 2% H Hh 28 57 3%
IRBEPA AR T
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TR FEMA o AH LG ARG R 24, esflra YR IK i
AL, pnpda To B E AL BAR bR
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mitfa kita Fl tyrp1 B3R T 7E 5 it 2R 4HL B0 5 £60
Bk rh 4 25 E o, 3R TR It K AR 2 B £

®1 WHAXHE

R A AR RS T4 ) 3 (0 2R AR A T i, 5 2R
Fia RO MR Z G ER (K 2) .

ZPCR3|#FE 75

Tab.1 Primer sequence of qRT-PCR

5% Primer 17 (5~ 3') Primer sequence i K Annealing temperature/C K J& Length/bp
kita—F AGTGCGTCTCAAGGTGTCAG 60 43
kita=R GCACTTGTCCATCAATCGGC
mitfa=F CCTCTGAGATGATGGCGTGT 60 551
mitfa—R TTTGCCGCCAATGAAACCAC
tyrpla—F GCAGTCGACTTCAGTCACGA 60 260
tyrpla—R TAGTCCTCCACACTCTCGCA
csflra—F AGACTACATTTGCTGCGCTA
csflra—R TTCGATCAAAACCCCGAGA o0 84
pnpda—F TCAAGTGCCAGGACTCGTTC o i3
pnp4a—R CTTACAGATGTCCAGCGCCA
asipl=F CATGCCAATGGAGGAACAGC
asipl-R GCACACAGTTCGGCGGAG 0 104
pomca—F GCCCCTGAACAGATAGAGCC
pomca—-R CTCGTTATTTGCCAGCTCGC 0 192
melr=F GCTTGCCAGCATCACCTCTA
melr-R GTGGACATGGGCCAAGATGA 0 143
raldh2-F GAGAGGTGAAGAACGACCCG
raldh2-R GGTTGTACGTGGGGAAGACC 0 150
raldh3-F TCAAGCCGCGGAAGGTTATT
raldh3-R CATCGACCGGCATGGTTTTC 0 199
trpv4=F CAGTATCTTCAGTCCCACGAA 60 256
trpv4-R GCTCCACATACTGTTTGCATC
piezol=F AGGATGTTCAATCATAACTCGG 60 208
piezol-R AGTCCATCACAGCTCGAAG
piezo2—F GCGTTATTATTGTCTGCAAGCTC 60 200
piezo2—-R CAGGTTAGGCAATATTATCCCA
Lep—F CATCATCGTCAGAATCAGGG . 199
Lep—R ATCTCGGCGTATCTGGTCAA
Jfads2-F TCAGCGGACACCTCAACTTC 60 149
fads2-R CGCAAATGCTCCGTACAAGG
B-actin-F AGGTCATCACCATTGGCAAT
B-actin-R GATGTCGACGTCACACTTCAT 0 B

2.3 SEKRHD G E G AR it 1 [A] raldh2/3 1) 23R FEAT AN, AH B TR

F asipl T EBE & B B8 raldh2/3 B9 B E R iX
Ry TStk v i A K U e T R PR 2K A4
= Nl i S R R PSR U s ) [ S Sy i)
BT B, X A2 FRIER oc-msh A9 A4 2 1 B
MR RIFIE R pomea P48 K A1 T B il A
FeH asipl &z it ZR A2 ARFE D] melr LE TR 5 HK
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Fiii#4] High flow rate group
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Number 1 and 4 represent the overall view of zebrafish in the high flow and low flow group ; Number 2 and 5 represent the localized view of the

middle part of the body of zebrafish in the high flow and low flow group; Number 3 and 6 represent the localized view of the tail of the body of
zebrafish in the high flow and low flow group.

B SREMRTERAKRD&BENRSEFIFELFIUN
Plate The overall view and the localized view of the middle and tail of the body of zebrafish between the high flow
group and low flow group

4] High flow rate group
H

= T[Q(ﬁi 2 Low flow rate group

ORI
Number of melanocyte/
(1~/0.2 mm?)

(b)

(a) B OR AR ITERAL, 1-7 FoR A BARALE 5 (b) ORI EE R s ns. TR FE 2255 #P<0. 055 ##P<0. 01
(a) Count site of melanophore, 1-7 represent the specific selected site; (b) Result of melanophore count; ns. No significant difference; *P<

0. 05;**P<0. 01.
E1 SREANRTEANDAZHNERCZARNE

Fig. 1 Number of melanophores of zebrafish in different parts of body between two different flow rate groups

2.4 SRMEKXREHEEBNMAOBRZEGER 7AW, 2R B, A1 LTI E A , & s 4
trpvd F piezo2 IR I1X trpvd Fll piezo2 .35 4, piezol o B E 1L (K 4) .

N T K E R RS R B R AR R UK AR I T B D A R R arped AN
M) 20 22 401 B 9 )R 45 , 3 i RT-qPCR X B L5 £ 7 piezo2 323K , Bz IR AT GEE 15 trpvd Rl piezo2 M I =
JR AL ) JEsZ 35 B AL trpod piezo1/2 FAF IR T T K I A LA
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&
iz 2r ’_‘ - sk
] ,_| " ns
3 M I
o LN LN
0 . — . .
kita mitfa tyrpl csflra pnpda
ns. LR 2555 *P<0. 05; ##P<0. 01; **##P<0. 001,
ns. No significant difference; *P<0. 05; **P<0. 01; ***P<0. 001.

B2 SimiEAFREREANDE KR &R MRiRicE RE R RIE
Fig. 2 The relative expression of marker genes for pigment cells in zebraflsh skin
between two different flow rate groups

F 4 High flow rate group
i 2
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1.5 *

a ns s
% I D

[ L
- 1.0 |_'
3
=2
om 5
T=05F
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=4

8l 'l I'N I'N 18
pomca  asipl melr raldh2

ns. JCHLFE 25 #P<0.05; #+P<0. 01,
ns. No significant difference; *P<0. 05; **P<0. 01.

raldh3

E3 BREATMRREAMDEREKFEAZHRLZEHEAEENENREE
Fig. 3 Relative expression of genes related to melanophore development in zebrafish skin between two different flow
rate groups

#%

HIXF ik i Relative expression

-
o

B 4] High flow rate group
= K # 4] Low flow rate group

trpv4 piezo2

ns. O E 255 #P<0. 05; ##P<0. 01,
ns. No significant difference; *P<0. 05; **P<0. 01.

B4 SREANRKTREAKD SR ARZ

piezol

EREAMENKREE

Fig. 4 The relative gene expression of mechanosensitive protein in zebrafish skin between two different flow rate groups
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F| 21 403 > EE A, 1E $F q-value <<0.05&Ilog,fold
changel > 1 BYAF Jy 25 5 IR B A AH bE TR i
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chitin hinding.
lipid binding
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cholesterol transporter activity
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~lgp

(b)

(a) B00 2 A0 MO A 6 56 RNA-Seq 5 RT-qPCR B IEZSE 55 (b) GO &4 4 ; (¢ KEGG il

m RT-qPCR
= RNA-Seq
L !
raldh2  raldh3
Phagosome | @ 9
Gap junction{ =
VEGF signaling pathway 5
Cell adhesion molecules { + 5
Sulmonela infection { |§ Number
g
Linoleic acid metabolism ° !
Amino sugar and nucleotide sugar metabolism o e 2
[ ]

alpha-Linolenic acid metabolism
_ : a
Arachidonic acid metabolism L] L

Nicotinate and nicotinamide metabolism

e ! pvalue
Ether lipid metabolism 3 . 4e-01

Arginine and proline metabolism £ 3e-01
Glutathione metabolism 2e-01

Pyrimidine metabolism Leor

Purine metabolism{ @ .
Drug metabolism - other enzymes
Glycerophospholipid metabolism

PPAR signaling pathway o
Cetype lectin receptor signaling pathway { +
GnRI signaling pathway { =

5 10 15 20
Enrichment Score

©
B R AR TR

(a) Validation results of RNA-Seq and RT-qPCR for melanocyte formation-related genes; (b) GO enrichment analysis results; (¢) KEGG

pathway enrichment analysis results.

Es5 BSREAMEREAHNIAERKERANT

Fig. 5 Transcriptome analysis of zebrafish skin between two different flow rate groups
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lipid metabolism) A% 2 2 F1 i 2 PR 1R 18] (Arginine
and proline metabolism) .75t H KA (Glutathione
metabolism) | 1% BE {8 if (Pyrimidine metabolism) .
VEGF {5 518 i (VEGF signaling pathway) . V[ ] (%
T 1B Jt (Salmonella infection) | 7 4 1€ 5 (Drug
metabolism) | H 7 #% I 18 35 (Glycerophospholipid
metabolism) [H]B#4% (Gap junction) (CRIBEFERZ
(LN EIRES

pathway)

i % (C-type lectin receptor signaling
. GnRH [ % i & (GnRH signaling
ZhiBft 53 (Cell adhesion molecules)
I e, BRI Y it
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(5). HHEEERIRZH
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HOK RN T BIRAR MO L AR ARIIRE)  AHOCA: H AN s (18 5) , L, el Tt — 20 e 7

(ANZiPOKiN e £ IS I AR s 590 A 0 B i K, I B2 JEk i
2.6 BREKREHEDEMEEEFREMMBEEE RGN SCHE IR 5 IR 1 40 AL [ fads2 FI
RE A7 B8 It 1 AN B8 fads2 £ i R IE A lep B IR HEAT RT-qPCR G , 45 2R 3%

M T Asipl B T ZER @ p R R, 6 B < AH EE TR AL S 4L, v T 3 4 B £ A G T
Pl S ST e AT AR K ANE S BRI, B TR B D0 Bk fads2 B R
JoE L A SR ZH ) GO AT KEGG W & 4 T g 1C it FHRH lep L FAAL(E6)

ko

r ok 2571 . .
0.015 mm =7 E 4] High flow rate group
2 5§20} =3 {4 Low flow rate group
Z o010} i g
= # g lsr
= fiol
#‘i( -’r>7<‘ o 10+
¥ 0.005 ==
= 3 05
S 05
0 - 0 y
A A Jads2 lep

Fast Slow
(a) (b)
(a) BE A0 I 5 (b) NG TR b vl P 5 [ frdds2 93 2 FE A Lep FARI 635 5 s, TOIE 255 #%P<0. 01 *#%P<0. 001,
(a)Zebrafish fullness; (b)Relative expression of genes fads2 and lep; ns. No significant difference; **P<0. 01; ***P<0. 001.

Ee6 SmEAMKRELANDENEHEEMEKERRHEXCERNENREE
Fig. 6 Zebrafish fullness and relative expression of genes related to skin fat metabolism in zebrafish skin between two
different flow rate groups

3 Wi B IR R K AT L B JER oA 1 = AT O AT AR 22 R
022 4 AR, T A G U G T MR 00 AR 204 fik 38 7K
3.1 BREKRFSEKECRABMGELS P Jok 02 15 St AR /A PR (5, 2R A0 S A, 3 [
AWFFRIRE TP 2 S I R Bt FEERIK R (R AT B
FIHAEE, K M A S AR R AR 3.2 SREKEIHEGIMMEELZ T E
OB AR R E A W B 2 RO R RS FERasipl IRIE
FEA kita .mitfa Fl ryrpla W23 W B3 FT-, H 0 Pome NP R, it i e e 5y Ul = A=
R UMARIC TR esflra (I RIB N R ZFWAMITE  AFEREER o MSHREFIR L TR Z A Mc1r 455 3
AN bR IC L DR U T 2 AR A BT SRR R SRR SR G R AR L F 0 Asipl
BRSPS R OR MM OE SO sl E e NIEEMHIR ATl S o -MSH 3E RS S
RAMAIE . ARMM LT IHERLTIFE Melr, IRBR AR, AR R AR
B ARZURMER ORI ORI KEMIER RFGEIA TR, & B asip | 75w i3
DA BT R 4 M 22 TR A A AR BLAE T, B DAL A2 K P T pomea Flme Lr o2 EVEZE S UL
S 1 ] 2 ML) 3 o — 2D RS T AT AN T asipl BYFEIA , fif3 A ZE 40
I A B RN [F AR R R AN B Y R A LA N AT £ 1 R 65 3R AR T AL
25, KB TR A AR A Z [ ) SR KA b Il R Re e R A R A R
UK H 0 22 S AR A BE D f0 BRI S 2 80 00 4 TG D 38 50 £ iz B v i) R B TR 5 S R R
DU SR R ok 3 1T B2 A2 B /K OB EE AR — A raldh2 Flraldh3" BI{ER A R, B R
Ko mUMHAMNBE S MM REHENET A ERKEABRE DO R A ZAEAE R,
FRIE, B ARG BeE R K RS B 3.3 BREKRREMS EEKIM N EZE
Z., MREMREaREEEMNGERELT BERNKE
T B B AR R B A Sy 2 T K Y, 7T LA FEARMWFGEH A I B piezo2 Fl trpud 75 15 it ik
WIS AR T o A EER AR A LR 1T piezol T I 3 AR A, FE W g YL H K U
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fe 3F T BE L £ Bz R P trpud Rl piezo2 F23K , #2718 7
kAT GEE 1 trpvd F piezo2 SR W 7K L7 A A HLA
P BIF5T S B 7 5% 30 3 I MR A0 60 A IR A
S B B R R i ) P 2R v Y R I 32 A H
V730 18 2 11 Trpv4 BN i AU Y 728 1k i 4%
PG T RE ™ o Piezo1/2 Ay et & BRI ALK
JIRAZ B AEREEE R AR BT 7 S AL
PR, AT R N A B v AR AR TR ZUE
J AR PR B A rh R iR AT AR Rk
Syt4 B 50 AR AN P & I Trpm 1 875745 251
(8 T A SR A T Sytd 52 10 SR 68 3 AR Y SR B
AP Trpal f& Par-2 35 3 /A JiE BV 40 A 2R Z 4K
FWEME R PT AT A2 BT LAY Trpm1 Fl Trpal [R]
H Trp 18 8 R Trpv4, AR ELA R TIRE .
FHE I 7K I AL % % Piezo2 Bl Trpv4 HEULS
Sk T N A B 1 W BE AR AL TR R AIR T
asipl FRIK , P LI S 75 2 crisper/cas9 2
PR s g R A B £ e AT 6 DR R ik LA
& Trpv4 I8 72 Piezo2 TERAFAEH
3.4 BiREKIIRHDEDS & AR E TR Bk
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Effect of water flow on body color and fullness of zebrafish

DING Changchen'*, HUANG Yajuan'?, SI Yufeng'*, BAO Baolong'?

(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education, Shanghai Ocean
University, Shanghai 201306, China; 2. National Demonstration Center for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: To investigate the effects of water flow on fish body color, the number of melanophore and gene
expression in zebrafish skin were investigated under water flow culture with two different flow rates 0. 010 m/s
(low flow rate) and 0. 022 m/s (high flow rate). The results showed that compared with low flow rate, the
number of skin melanophore increased significantly after 3 months of culturing zebrafish under higher flow rate,
especially in the caudal region of the body of the fish, the expression levels of the skin melanophore marker
genes kita, mitfa and tyrpla were significantly increased as well. Meanwhile, the relative expression level of
the xanthophore marker gene csflra was significantly decreased, and there was no significant change in the
iridophore marker gene pnp4a, indicating that the high flow rate water induced the formation of melanophore
and inhibited the formation of xanthophore. The RT-qPCR results showed that the expression of melanophore
formation inhibitor gene asipl was significantly decreased in the skin of zebrafish in the high-flow group
compared with that in the low-flow group; the melanocortin receptor gene mcIr and the amelanocortinogen gene
pomca, which are related to melanophore formation, were not significantly changed; and the retinoid
dehydrogenase genes raldh2 and raldh3, which are related to retinoic acid synthesis, were significantly down-
regulated; water flow stimulation upregulated the transient receptor channel protein gene trpv4 and the
piezoelectric mechanosensitive channel protein gene piezo2, whereas there was no significant change in piezol.
The above results indicate that the high flow rate water flow induces melanophore formation in zebrafish,
possibly as a result of reduced asipl expression mediated by water flow stimulation through the skin
mechanosensitive proteins Trpv4 and Piezo2. Asipl regulates fat accumulation in addition to melanophore
formation, and indeed zebrafish body fullness reduces significantly in the high water flow group compared with
low flow rate group. GO enrichment analysiss showed differentially expressed genes was mainly enriched to
entries for triglyceride catabolism, HDL particles, lipid binding, etc and differentially expressed genes was
significantly enriched in the following KEGG pathways: aminoglycan and nucleotide sugar metabolism, PPAR
signaling pathway, linoleic acid metabolism, and arachidonic acid metabolism, etc. RT-qPCR showed the
fatty acid peroxidase 2 gene fads2, which is associated with lipid metabolism, was significantly up-regulated,
and there was no significant difference in the leptin gene lep, indicating that water flow may affect fat
degradation through Asipl affecting Fads2. In conclusion, this study for the first time reported the effect of
water flow on fish body color and proposed a preliminary signaling regulatory pathway, which provides a
preliminary theoretical basis for understanding the effect of water flow culture on fish body color and fullness.

Key words: water flow; zebrafish; body color; body fullness; mechanosensitive channel protein
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