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SeAss XA W) N BE 5 £f1 (Danio rerio). 5 8 (Oryzias
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R DI Re AL — 26 2 g (Cyprinus
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A T — SR, BRI E L, ANREF
KRR A 25, HARERIE LS A
JSAHTA]
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WL, SEBETE AR F Y BEARRC L H AT,
) 0 485 B B £ 1) T 5 Ak 7 9 D A R g A5 22 R
PEBT B, XHAR @R RO Z o e sk 414
A (RNA-Seq) Je— B FH e il 0 1 H A PR 2R
FERE I — R B Bl RRIR S T B FE s AR
T BRI N IR | e PR A o 25 D R
KAL) — A 2507 ke AR FE X WA
i W 2 £ 375 B B UK R R 00, 28 SR AR RO TR i AT e
i R11UDE N JES ) i RE S 307 8 VT 7
S 45 AR A B T R ST WA 68 U R LR B B
A, A )T i 2 0 H R PR D% O 24
M, TR T ARR AR,

1 MRS Tk

1.1 GWEEINE A RS . KR RNA 2EL

S OG0 AT 5 R PR R B AR VL A
F R LT ARAR 37 [X (109°47'8"E, 21°36'24"N),
S ERSE 3N GRE 15) )5, BE KL
AR BL - 1 90 AV 8 0 P £ E HE 45 3 2, A MIS-
222 RIS HEAT Ak ORE o 6 RN ACHR i 4 2R
BRH—NIRIEFEA, 6 BARK RALUR A N —
N RREEAS . £ IR Trizol ik 7 (Invitrogen, € [#)
PRAE UL HEAT B2 IR ATIR B 5 RNA r9 42, I
DNase I[(F HEAY dun) AR ] ZHFREEK
21 DNA V53¢ o 43 5 1% 19 Bt i ol 8 e b, ok R
RNA Nano 6000 (Agilent Technologies, 3% [#) 4 il
RNA fY i i M52 2 vk, # H Qubit® 2.0 Flurometer
(Life Technologies, 3¢ ) Il %2 &L RNA ¥R & .

1.2 c¢DNA X EMESMF

M Az Bk AR B B RNA 4% 1.5 ng ll T 4% A
cDNA SCPEREFII Y . & Se A Oligo(dT) 1)
R & S B A A Y mRNA, SR )5 i ] fragmenta-
tion buffer ¥f mRNA H Bfk, Z 50546 2 %
cDNA 85, 4 B XUE cDNA & 4lifb )5 etk i1 K
wifEE . A BIFE W)L, FH AMPure
XP beads #E17 i BE K /NiE#E . 5 5 #5417 PCR
1, I H AMPure XP beads 4lifk PCR =4, 745
AR . FERGH S, R R SRR A
O BE N H bR B HE 1 1 7 2K pooling J& #E 4T Tllu-
mina HiSeq I J¥ . 3C A4 & A1 3 2 ol o 7R 3
BADGEEREARAR SR, ik s%
Nan 51,
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1.3 NFHEARKEERNGETRE

R T OREAE B A AT B B A, TR
XTI G A (raw reads) #EAT o0 M AL g, BR &R
UL TP & RO 323k (adapter) Y. N(N R TG
DB 2 SRR B B 9 R T 10% 19 LA S AR T
Y reads(Jii & {H Qphred < 20 f¥) Bl & % &7 % 4>
reads ) 50% LA | 1Y reads), 15 3] T4 55 (clean
reads), K HH Trinity(v 2.5.1 fiA) #K 4%} clean reads
HEAT G SRADERE, BN T R K A AR B
PEHCH B IL A (unigene)'™, VENIFEEHTS
¥ .

S ARAT AT A SE R T e AR B, R
{4+ BLAST X} unigenes i#f 17 Nt 1 B ; F] F dia-
mond X 4 (v0.8.22 WL A% ) X} unigenes i 17 Nr.,
KOG. Swiss-Prot ¥ B, i H{ KAAS %k ¢4 i 17
KEGG {E 8", ffi FH HMMER 3.0 % {3 47 Pfam
RIS B 5 UL Blast2GO 34 (v2.5 WU AR ) %t
Nr Fll Pfam FROF )3 45 R 01T GO RN,

14 ERERRKKFMERRIETH

#F RSEM 1 bowtie2 AK B RN clean
reads 5 Trinity PF 3159 2 09 5% e B A7 O XT, 18
F A F N F Y read count L H™, SR J5 X read
count F 4l i AT AR EAL AL B, T 4B 3 R Y R
ik 7K F- . DEG-seq M i i 2 5 3R 35 £ K (DEGs)
AT G )7k, H DEG-seq #4122 %0 . N
TRHIB MR, Tk BN ¢ value < 0.005
H |log, (Fold Change)| > 1,

1.5 ZFEEFEB KEGG BEE ST

KEGG J& 47 J& 38 [ 1) 32 ZLN I B 72 . Path-
way i # P & 5 50 ¥ DL KEGG Pathway & B4/,
Nf AR LT RG 56, 4% M 25 55 35 RDRH X P 8 3
Fe 0 P R 3 B 4 1Y pathway, M4l KEGG B
FEBEIR, AT T E LS, Uik — 2 34Kk
W & E N S Pl s g, i H KO-
BAS # {4 (v 2.0) ¥ KEGG i #% o DEGs 45 i1
AR,

1.6 qPCR 3&iF

N TR S U MR TR R
BT A R T 10 4 BoA 22 R 3Ok i Ak A
(& 1) HEAT 5L SO E B PCR(QPCR). fili ] 5 ¢
S (A1 HE U RNA HEAT R sk, RAS AR L
) cDNA, Fi B S5 B R AT 2 P R E R
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LA hprtl Fl eeflb NS FH, 1E Roche Light Cycler
96(Roche, Fij-t) 5 AL #E4T QPCR. R HR R AL
5 7.5 uL 2 x SYBR Premix Ex Taq 1l [ & HE£Y)
BAR A ARAF, hET, B TH#FSIYE
0.4 pL(10 umol/L), 2 pL cDNA, 4.7 pL ddH,O0,
SIRZRA 1S pL, W F R =0 ARk
95°C 180s; 95°CS5s, 60°C15s, 72°C 30 s(k
EHO), 40 DMEHR; f 2 5 Bt PCR 74 1Y
RSt SRS, (0 SPSS 17.0 4Rk R A 27
Ji ko B4

®1 59RFF
Tab.1 Primers and sequences
F#H 7
g AR 314551
ene ID gene primer sequence
g name
Cluster- gm2 F: AGCATGTCCGATTTCAACTCCT
28847.26032
R: CCAACTCTTGAACTTACGCCTC
Cluster- cryba4  F: ACCAGAGCATCAAAGCAAGACA
28847.26186
R: CCTGGAAGCACTCCTCATCGTA
Cluster- coll0al F: CGGGGATTTGACAAGTGAAGAT
28847.11511
R: AAAGGTTTGGGAGTGAGTGAGG
Cluster- papln F: ATGCCAGGTGATACGAGTGTTG

28847.10973
R: CAGACCCGTGAGATTCATTGTG

Cluster- rho F:AACCAAGAAATCAGGAAGCCAATG
28847.26015

R: CTGCTACGGTCGTCTGCTGTGC
Cluster- kita F: TGGATGGAGAAGTGGAAGAAGG
28847.25751

R: ACGCTGGAAGGTGTAAAGAGGA
Cluster- kitlg F: TCCAGGACCTCAGACAAAACAC
28847.39341

R: ACCCACCTTTATGTCCAACCAC
Cluster- tyr F: TGGAGGAATGCCCAGACTTGTG
28847.21904

R: GGACTGATGAGATTTGGATTGA

Cluster- crybala F: TAATGCTTGTACTCGCCTCCGTG

28847.29447

R: CTATGGGATGGGCCAATAACGA
Cluster- gasn F: CCAGCACCCACAAACTCCTTAT
28847.30426

R: CTCCAAATCACTCCATTCAACAA
Cluster- eeflb F: AGACTTTGCGATAACAGCCG
28847.23946

R: GACGATGATGACCTTGACCTG
Cluster- hprtl F:CGGTCACTGTTTCTATTCAGCG
28847.5025

R:CTGGAGCGAGTTTACATTCCTC
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2.1 MFAZE

AR5 43 0] B BT W8 A 65 R B £0 Bz R RTIR
& (7 5 RNA, JFA8 8 T AV (19 cDNA CE . il
i Illumina NextSeq 500 - {5 X1 #£ St A7 5, Bz
Jbk 1A 5 3 91 4545 37 387 888 F1 31 110 527 clean
reads, H Trinity #F 17 41 ¢ FI9f 2 J5 345 103 686
A~ unigenes, -HIHEEFI NS0 43551k 1456 12 490
bp. unigenes 1 J& ¥l [ iy 201~26 253 bp (I 1),
HHp K BE T 1000 bp 19 unigenes A 45 991 14~

25000
20 000
15000
10 000

5000

BRI H A
number of all unigines

0

& 1 unigenes & 7%

Fig. 1 Length distribution of assembled unigenes

22 BREABREHE

1 Nr. Nt. KO. SwissProt. PFAM. GO #
KOG iX 7 %40 7 48 2% 2 2% 48 15 1) unigenes,
iR, Nr 8 P UC B i B A 57 380
A~ (55.34%), Nt Bt s Ve Re i) SRS R A 37 343
> (36.01%), Swissprot data base £ & J& 5 £l U fic
B BAJE AT 51 277 4 (49.45%), PFAM SHE FE ik,
Iy VG IE A AR PR 47 020 /> (45.34%), B4b, It
12 437 1 unigenes 7 T 508 PEAR RIS T 1R,
7 L KRG 11.99%(3 2).

23 ERREEENEESHF

X 801 A 68 W B £ Bz 1k R AR I 22 S Bk PR B0
AT M, A 8 113 4 unigenes £k 27 13,
Hr 3 174 /)~ unigenes 7E JZ k41 20 -1, 4939
ATE R IR T (] 2).

2.4 DEGs B KEGG &N
R itk— T f# DEGs fZ16E, X Ar A DEGs
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1320
Fx2 EEERAMINESI
Tab. 2 Statistics of success rate of gene annotation
Byt FEREH /A AorE/%
types number of genes  percentage
NriF 57 380 55.34
annotated in Nr
NtER 37343 36.01
annotated in Nt
KO 31700 30.57
annotated in KO
SwissProt{I: F 51277 49.45
annotated in SwissProt
PFAMIE 47 020 4534
annotated in PFAM
GO R 47555 45.86
annotated in GO
KOG 25 604 24.69
annotated in KOG
JITA B P P R R 12437 11.99
annotated in all databases
T — AN TR 64 812 62.50
annotated in at least one database
R 103 686 100.00

total unigenes

300

AT KEGG & 50, 4 4 388 1> DEGs i)
HEREFF A ECE] 294 /N % (corrected P-value < 0.05).
Horr, fEHr 20 3@ b, <Ot f& S (phototrans-
duction)” . “& X 7 ff (circadian rhythm)” %5 ji
% SR AE DI Re 2% VIAH O¢, “% & B (focal adhe-
sion)” Fl“ %5 % i $% (tight junction)” 45 1@ 5
FREALIRER & (K 3)o J3oh, RBEAERS MM
#% (melanogenesis) 7 7 & L, or. trpl Al tyrp2
S 5 MR RS U B AH DGR L A 35 T 0 (181 3),

2.5 qPCR JiEFNLE LR FRIAK N

qPCR H6 ) % 5 41 70 B 25 R op 10 R gk 22
S E M IN IR A HS  Sr 4L A 4 R A T
B, AOREW], KSR R RN G R A
IIPTEEI—3L, Ui RNA-Seq 25 AT 5EE (K1 4),

3 iR

O T SR AT 8 A PR AR 0 A B
A S B 43 3 4R BT )47 458 U B A2 575 1] £ B KR

200

—lg (Py)

HriEfs PAERK —1g 18

100

DEG (8 113)
° i (4939) down
o M (3174) up

Py FRHR LG K P {H

—-15 —-10

& 2

-1 15 10 15

BJRANHR i 22 57 2 A EE A log, 18

log, (fold change)
AR BEATN T B AR AR A S RABE F EE A LE

Fig.2 Volcano map of different transcriptome genes in skin and eye of G. lacustris

P,q; means the corrected P value
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*3 HKSREEREFEKEGG REZEEHEA 20 B
Tab.3 KEGG highly significant enrichment top 20 pathway of differential expression (skin vs. eye) gene

AT 2038 % 44 7 JWEID  HEEECH A BIEP{H
top 20 term name term ID gene number corrected P-value

J6#% T phototransduction ko04744 63 1.16x107"
ECM-Z/AM EfEH ECM-receptor interaction ko04512 89 2.18x10°°
OJJLYSE4E  cardiac muscle contraction k004260 85 4.37x10°°
i/ NE IR EL UL proximal tubulebicarbonate reclamation ko04964 40 2.06x10°
Fefph/NJEIR  synaptic vesicle cycle ko04721 80 3.56x10°
BIKEL  amoebiasis ko05146 88 7.27x107°
FAFHRIL  protein digestion and absorption ko04974 77 1.50x10™*
DR A = OUUB(ARVC)  arrhythmogenic right ventricular cardiomyopathy (ARVC) k005412 83 2.08x10°*
FEBE  focal adhesion ko04510 166 3.96x10™
X &R tight junction k004530 133 2.12x10°°
R A ZRZCH  arginine and proline metabolism k000330 37 2.55x10°7
PEEEMA/ P4 glycolysis / gluconeogenesis k000010 53 3.64x107°
MFEIRZE L4100 bacterial invasion of epithelial cells k005100 78 4.66x10°
Bl /R R AFER ICHR  Alzheimer's disease k005010 129 5.56x10°
PR B AE/R  antigen processing and presentation k004612 39 8.52x107°
GABAREZfi  GABA ergic synapse k004727 79 9.23x107°
HAR. REZRMABZMICH  alanine, aspartate and glutamate metabolism k000250 32 1.13x107°
BRI circadian rhythm ko04710 32 1.25%102
I B4R type | diabetes mellitus k004940 18 1.32x107°

HZEY  nitrogen metabolism k000910 14 1.40x107

TR B0 MRS 79 RNA, B8 1 Bz Bk AR 1 Y
¢DNA 3%, i RNA-Seq 3545 7 52 bk AR i 114
T S B

Nr £ e e TR 4 R Bos . A 21.7%
Y unigenes Fl K ¥ ff1 (Larimichthys crocea) 3 [H 15
FERR , A 21.5% 5 % 2L HE 85 2 0 (Stegastes
partitus) 55 P ey BE AR, 5t ER AT R 2 90 A 6 0 g
fi RO i IR 2L HE B 22 08 [R) )& T 5792 H (Perci-
formes), 6.9%. 5.9% F 3.4% 43 %)@ T g % % 3k
i1 (Oreochromis niloticus). /)N B, (Mus musculus) F1
BT $ W . (Mayladia zebra), 54N, B 40.5% A9
S50 m T HAWR NPy

BB MAR RS & A g b A
B, SRR . k. BARMORIUE &R
ORFAEMN —F RN, BORSHEBEMWRE
FRD, b BB R s 1 R A RS (R A
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A B R FEE kL, @M at, R pfh
B0 R L P e T RS L R TR R B R Y
g, ERORGREB T, BERRE-1%
PRI (melr) Hif A9 MCIR J& G 2 (A B2 1k
FIE /N Z AR, %L N 5 HAZ AR agouti #H]
HAEHE R E SR ENA R agouti 25
i melr WG, TEHA agouti WIEBL T , mclr
T T i 0 A S A o VO WL 4 v A P ) 3R
BRF R (cAMP) /K F-,  E 1T TG R AR A i
P ARG, B s H AR D melr 78 B2
Jik (FPKM=0.29) F1HR % (FPKM=0.79) 1 5 4k Tk
PR, e R G AR X 0 TV G A 5T £
P HLAAR 5235 BOIR, e JE I AR €5, AT LAY B M
BRINIHRE, iRl HERZ BREEK,
melr BAR R IK T AE S B0 Tk iy 28 60 28 A B
A TS B0 R R 2 am R . AR L 7R
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1322 Ko R
B
melanogenesis
B
melamin synthesis
[cMSH}—»[MCTI 7 Gs |
_ASP +p DNA
[[AC F—»0o—=[PKA} »[CREB
cAMP
wnt {55 I
wnt signaling pathway /
[t fized—»{Go/Gp— 0T [GSK38—| [Pecameruin}—+—» [FCHLER}» |
P DNA I
e L |
MAPK i N |
MAPK signaling pathway PR g — R e
SCEl—» [t |—» [ —» D VK> ERR A
p p melanoma
ER -
0w —- PNA- [oeT]
[EET»ETER—»[IGel—» e 3 Ca |
- |
»13@ |
|
|
e ey B e J
PRC/ melar%m syt{?ﬁcs.lsf ==
[TYR] Mﬁ [DcT I
B A 5
st waw | mex
transferto *————~ tyroine it B At rr_lelamin
keratinocytes a5 tyrosine ee
metabolism
BRI
melanosome
3 BeERSRBEE
2 E TQNE 3 22 IR 2R AR AE Bk R OSBRSS
Fig.3 Melanogenesis pathway
Green border indicates that the gene is down regulated in the skin relative to the eye
10
] RNA-Seq
I (PCR
= 5
~ 80 0
-
= O
= 3
ZE
H]i: ODN _10
gl =t
_20 L L L
col10al  papln gasn gm2 cryba4 rho kita ki tlg tyr cryba la
FESARIBHE
differentially expressed genes
E 4 qPCR #&l RNA-Seq £5 53
Fig.4 Validation of RNA-Seq data using qPCR
MRS h Al TR RS, HIREEh AL S BAR EERO,
B 0L H A G A Rk A A T e Rk K, B AR BORERE-NERNER, BATZ
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YRR . AR ST T KEGG i i /3 Hr &
B, —4E DEGs SRR NEEA L, FRA
RGBT, WARBEER (). 520§
KA G 1D (eyrp ) 1K 22 92 T AH 5C 25 11 6 2
B (tyrp2) TE B RR AR B8 T W e F A L g
M2 i (TYR) S —Fp AR AU, A5 i &G A
TG 2 Fh A Y AEAL RN DI RE 2 A B B L
PR T HAE PR G o 2R AR R AR A K
o PR A R AR, e BRI G A
B F 56 TYR 5 TYRP-1 il TYRP-2 #4) i 1% 44
FRBRIE N K% (TRP), =& WhIRlJEE & B 6 R,
i JIREG R 2S5 2 ARV R, E b Ll
HAMRPFIAEA N L-ZEMEk -2 BN £
CLER, SR ZEMNIKEY S — RN, &
ZOEL BB EAERD, TEX NI AZE (Homo sapiens)
MIRF 58 2 B, N R B = Ty ek I A R I,
ANepr R, RS BB AR RER,
ARWFFE R, 5 B R AR X T 2R AR D (5 R A
BOgER T or. trpl Florp2 BFETH, 46U
BFFEET, M X 3 3 DR IR 3 0k 2 5 B0
figs U PR £ R €835 W 1Y) B DRI

T4 e 9 (SCF, XCFRHd A+ 5% Kit FLiA)
& —Fh DU SS & Al v e U e i A K 7
B RE (2 2 i oA A0 M . B 2K A0 AR RN A A 40 Y
WA . B . AR, T c-Kit S — P K 2
i3 94 1t A7 1R BY B 4K SCF il e-Kit 7 fi 2 ik £ rh
W, AEMAIYIEREE SR, &
0,28 B) 20 i o B 5 R AN ML iR B L B A RN A 1R L
Kedefe A 5 ek B a2 AP ER P E A
fRIEC, FEARDEFE B AA R G Y SCF/e-Kit i i
Hr, AHXSTERE T 5, 7RI D kidg A kit B i
T8 o M SCF/e-Kit fE 38 i 5 X 2 35 9/ 15 MITF
AR, Wi B RPREE, DNMREIE
BE ST (mitf) 2 bDHLH-22 & R PLBE s s I T &
WA B, JE ELAE LA AR AR KA L
HAME AR EA RN R E hREEERY ik
W, mitf 25 BAAF AN AT Mol R0
T3AN, mitf 0 F RS ZE G BGE B P TR A AL
Al B2 ORI B 1 Ui 38 i b A% 2 DA 3 1 15 5,
Ivi) B B 4 A TYR 2% % 56 R (0 5 S R 7, D Xof
tyr B tyrpl B IR AT IREES S TS mitf 5
tyr Ml tyrpl B FRIBBEARE AR — B, IR AT
TERSN. ERE, %3 K AR K A X
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L, 5 orfl orpl B9RFAR X —3, R mif
T 1) 106 g W P £ M 65 3R A i e bR A B Y
EH.

BRARZROKE I S fy o A ]
AN AS . PMEL J&—Fh 4 3R 40 M4 S a1
i R AR, PMEL 7 5t R RAK N4 2 1B
B, XS AERTER ARG TR ERE
AR, A BT R A AT B AR T RE
2 pmel R IK 8 FH RAZMS, SR AR
TR B 1 €0 2% o AR R8240 A7 05 R R AE B
O, dE 3T Cas9 i B £ R BR T pmela H 1Y
11 ANgEEEXS, LR T/ H i R TUE a5
Ab, TEESES (Coturnix japonica) ', pmel 1} BT
HGAE)E, BT PMEL TIREMEA, AIAEFEL
TP PR R R BRI S X I A g
JE 0 1 TR R HR B 5 S 2H 3 By B, pmel 1R I
TRk W T K, R pmel 7 B2k
MARRIE FBOL K RO R S aEkz, "
S WG 8 BF % B AR (LB B A il 22—

4 45

ASHIF 5 R 78 T I 4 AR B i BRI R I Rz
JIR 79 cDNA SCHE, 3 ik % 5% 28 D0 7 %oF B R R
i mRNA B HAT 1 RS, LA 8 113 4
SSALA L HE— 2B T E BRI ST KEGG 3 i & B,
BOREGHGEK T, vr. trpl Hl tyyrp2 53K £
ROKF 35 TR . Z8 L, HE DU A 658 0F BR £0 A
&R AR Z 2 A S SR FE R, o o,
trpl F tyrp2 33X 3 A5 P I 2 3k J2 LA £ 35 B
M EREN R, R melr, kit M kitlg % 51X
A I 8 3K 2 1R (00 355 BF 1 o 2 R . AR F 5 4
A T 90 A 4 R B £ 3 DR VR A A R RNR A
W BT 35 TRk ey, wohs— a0
R 5T £0 288 B Jik 6 R T8 ML Rt 1 SE ik B0ds .
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Comparative analysis of skin and eye transcriptome in
the Gobiopterus lacustris

LI Xueyou, XIE Minghua, HUANG Chengqin, WANG Chun,
WANG Zhongduo, GUO Yusong, DONG Zhongdian "

(Key Laboratory of Aquaculture in South China Sea for Aquatic Economic Animal of
Guangdong Higher Education Institutes, Fisheries College, Guangdong Ocean University, Zhanjiang 524088, China)

Abstract: Gobiopterus lacustris is a kind of small fish with strong adaptability to salinity and easy to raise in
laboratory. It is an ideal model organism and environmental indicator species, whose body is transparent and its
organs can be seen through naked eyes. In order to explore the cause of the transparent body color of G. lacustris,
the transcriptome analysis of skin and eye of G. lacustris was carried out. A total of 103 686 unigenes were
obtained by de novo splicing. The N50 and average length were 1 456 and 2 490 bp, respectively. In Nr, Nt, KO,
SwissProt, PFAM, GO and KOG databases, 57 380, 37 343, 31 700, 51 277, 47 020, 47 555 and 25 604 unigenes
were annotated respectively. KEGG enrichment showed that #yr, tyrpl and tyrp2 were significantly down regu-
lated in melanin production pathway. In addition, the results showed that there were 8 113 differentially expressed
genes (DEGs) in the skin and eyes of G. lacustris, of which 3 174 were up-regulated in the skin and 4 939 in the
eyes. The verification of 10 DEGs by qPCR confirmed that the RNA-Seq analysis was correct. This study enriches
the body color research of G. lacustris, provides data for the utilization of G. lacustris genetic resources, and also

provides a reference for further study on the formation mechanism of gorgeous body color of fish.
Key words: Gobiopterus lacustris; skin; eye; RNA-Seq; pigment formation; body color
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