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2.1 NCBI ¥R ERXERBEIEE

VA NCBI %0#E £ (https://www.ncbi.nlm.nih.
gov/) & B AR 15 01 7 BE I fa (Danio rerio) | ML i
FIAE L 265 Fhfa IS LR BE (R 1, BiER 1),
XL KL PR 2 B 1T oy I B A0 2 A AR DG SE IR 1 &
B A E T A

1 NCBI PR EES RXEIERE
Tab.1 Major fish database in NCBI

B A% Yoo dxd B/ 5t

orgaﬁiﬁame JL’:E;"‘F/Mb chromo;omes/
size pair
i H 1 Chanos chanos 656.93 16
T % Oncorhynchus mykiss 2179.00 29
KVEFEAE Salmo salar 2966.89 29
fill Carassius auratus 1820.64 59
5,6 Channa argus 644.13 24
#Ffifi Clarias batrachus 821.75 -
fl Cyprinus carpio 1713.66 50
fifl Echeneis naucrates 544.229 24
fi% Hypophthal michthys molitrix 1104.68 -
#i% Hypophthal michthys nobilis 1012.06 -
R TT#% Labeo rohita 1484.73 -
BB HEf Oreochromisaureus  918.937 -
Je % %4t Oreochromisniloticus  1005.68 22
Rk E 715.76 -

Pangasianodon hypophthal mus

T ARYEEHE AL S NCBI AU i 15 B, RILH 5% 265 i
ABARIE, RPRRNY 14 FOZARYE 2018 45 F il Ak ™
FEAEARBL ) MR 7 b A 4t FUK PSR A AR PR Y A
Zeo = aR kDN R R o B AR R B B AR

Note: There are 265 fish genomes in NCBI database based on the
information at the time of data processing. The 14 species shown in
the table are major fish produced in the world aquaculture industry
in Tab. 7 of the Sate of World Fisheries and Aquaculture 2018!".

“~ indicates that genomic data are not located at specific chromo-
somal levels.

ST R B, 265 Fhta 2L 41 A 0.001005~
4470.98 Mb AEE(E 1), 2247 FMF
609.39~699.33 Mb f¥yEHl, HIKIEDATE 701.7~
799.42 Mb 236 Fi). [RIET, FATH12:FH 4047
T 14 B FOK SR AE R E AR R 1),
KX 14 Fhfa 2B K/AN A 78 544.29~
2966.89 Mb Z[i], H.AF7E 1001.52~1927.14 Mb H
SRR 6 Fo JiAh, IZEIRERERT 64
Fhta S ge o R %0 B (K] 2), ARG A% H

& 5t. Hoh, S QR H 2 oh 59 &), iEH
ffi (Chanos chanos) i 44 (A /A% H i/l 16 X5 75
Bk, 64 T a2 TR 40% (23 R 2 EHA 24 X Y
A LB EE T Ay At £ 28 35 R 4 g B R Y
RS,

50 47
45+
ol I
i 31
L 29
30 2%
25+
20 + 18 17
15

12
10—3 6 H
5r 3
oL [ L
1 2 3 4 5 6 7 8 9 10 11 12 13
FEF 21 K/IVMD length of genome assembly

K1 NCBI H 2L N 21 /N A1 14
BB PR BEARARS R IE AL D, 1~13 2053
TREE R 2 /NI A AN TR X T, 1 3R T 4 3 DR 46 RN
W AR E ks 2 FRORIEF ALK AAE 0.001005~73.43
Mb X[ 5 3 ZR7n HE N 4R /N3 i £E 306.5~399.88 Mb [X [i]
P 4 FR I A R/ fE 401.04~498.28 Mb [X 8] H; 5 %
IR ALK/ AE 519.24~599.81 Mb X [HIPY; 6 Fom LA
IR/ ATE 609.39~699.33 Mb X [A]P; 7 FermH LR/
SMETE 701.7~799.42 Mb XA ; 8 IR 5L K 2H K/ A 78
800.49~899.65 Mb X [H] Py ; 9 F/n H: [F 4 K/ o 10 16
900.48~991.89 Mb X [H] N5 10 7R 4 P 41 K /N 73 A 7
1001.52~1927.14 Mb X [a] A5 11 37w 3 K 241K/ 7 A 78
2068.07~2966.89 Mb X [A] A5 12 278 3 P 4 R/ o3 A 18
3375.7~3811.04 Mb X [H]A; 13 Fon 3k N 41K/ oy A 7E
4470.98 Mb X [H] P o GhALBR AR 50 A 454 DX Ji] (19 4 1> 25
Fig. 1 Distribution of fish genome size in NCBI

Species number is marked on the column. The abscissa repre-
sents the distribution interval of the genome size, 1 indicates
that the genome size of this species has not been determined; 2
indicates that the genome size is distributed in the range of
0.001005-73.43 Mb; 3 indicates that the genome size is distrib-
uted in the 306.5-399.88 Mb interval; 4 indicates that the ge-
nome size is distributed in the 401.04-498.28 Mb interval; 5
indicates that the genome size is distributed in the 519.24-
599.81 Mb interval; 6 indicates that the genome size is distrib-
uted in the 609.39-699.33 Mb interval; 7 indicates that the ge-
nome size is distributed in the 701.7-799.42 Mb interval; 8
indicates that the genome size is distributed in the 800.49-
899.65 Mb interval; 9 indicates that the genome size is distrib-
uted in the range of 900.48-991.89 Mb; 10 indicates that the
genome size is distributed in the range of 1001.52-1927.14 Mb;
11 indicates that the genome size is distributed in the range of
2068.07-2966.89 Mb; 12 indicates that the genome size is dis-
tributed in the range of 3375.7-3811.04 Mb; 13 indicates that
the genome size is distributed in the range of 4470.98 Mb. And
the ordinate represents the number of species.

YyFPEE the number of species
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2 NCBI H1/1 64 Fh a2 i Yo (o A% H 43110
B BT A, MR RR RN G AR E, PARER RN
PO B H A A EBCE 1 FOR PR EE S 59 X, Xk
HIMF A 1 Fh: fill(Carassius auratus); 2 R 3e A% H K
51 %F, XFERPIAIA 2 B @i (Thymallus thymallus)Fl 5 4L
BEF % (Chiloscyllium plagiosum); 3 375 Je A &%k H 2 50 X,
EAER YRR A 1 Fh: @ (Cyprinus carpio); 4 YOS H
40 X, XAEEIIFIAG 2 A il Salmo trutta)Fl 1 f:(Coregonus);
5 FRPEMEE Jy 39 X, XHMBAA 1R LR bk
(Salvelinus alpinus); 6 #7444 K H o 34 X, SEFERIYIFH
£ 1 M 75 FE i (Oncorhynchus tshawytscha) . 7 2671 4 (4 4%k
Hh 30 %, XAERYFA 1 Fh: 48 (Oncorhynchus kisutch);
8 FoRYREE N 29 X, XYY Fh AL HE BE S R il
(Ictalurus punctatus), B x5 %2 i (Lepisosteus oculatug)%51t 5
a2, 9 FoRg OB H N 26 X, XFERPIFA 1 R K
VG 78k (Clupea harengus); 10 /R Y@k E B by 25 XF, XAf
B ) A 453 45 3TV W J# £ (Scler opages formosus) . [ 3 A £ (Esox
luciug)%E 3t 5 R f2S; 11 FoR P OBREH N 24 XF, XEEY)
Fh A 35 11 (Echeneis naucrates) . K # £ (Larimichthys crocea)
SE3E 23 MRS, 12 FoR YL OIREH 23 X, XA PRI
F5 K VU765 (Gadus morhua) . FL.48 7E 8 (Poecilia reticul ata) 55
s A, 13 FoRG ALy 22 X, XY FEEA
g 7% J5 fili (Takifugu rubripes). ¥t 7% i (Cynoglossus semi-
laevis)S5 4k 11 s, 14 KRG EAREE H 21 X, XHEW
YR 1 Fh: 2% 3} (Betta splendens); 15 %R YL o ik % H
20 X, XEERPIFA 1 AP 1Sk (Denticeps clupeoides).
16 R P AMREH o 19X, XA BIFA 1R 95 FCAR S Y
(Nothobranchius furzeri); 17 227~ 4+ AR5 H o 18 X, X AR
YR A 1 Fh: 48 (Erpetoichthys calabaricus); 18 4L,
WHEH N 16 %, XFERYFIAT 1 Fh: 38 H fi(Chanos chanos).
Fig. 2 Chromosome number distribution of
64 species of fish in NCBI
The species numbers are marked on the columns. The abscissa
represents the number of chromosomes, and the ordinate repre-
sents the distribution of the number of chromosomes. 1 indi-
cates that the number of chromosomes is 59 pairs. One such
species is Carassius auratus. 2 indicates that the number of
chromosomes is 51 pairs. There are two species: Thymallus
thymallus and Chiloscyllium plagiosum. 3 indicates that the

number of chromosomes is 50 pairs. One such species is Cy-
prinus carpio. 4 indicates that the number of chromosomes is
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40 pairs. There are two species: Salmo trutta and Coregonus. 5
indicates that the number of chromosomes is 39 pairs. One such
species is Salvelinus alpinus. 6 indicates that the number of
chromosomes is 34 pairs. One such species is Oncorhynchus
tshawytscha. 7 indicates that the number of chromosomes is 30
pairs. One such species is Oncorhynchus kisutch. 8 indicates
that the number of chromosomes is 29 pairs. Such species in-
clude five species of fish, such as Ictalurus punctatus and Le-
pisosteus oculatus, etc. 9 indicates that the number of chromo-
somes is 26 pairs. One such species is Clupea harengus. 10
indicates that the number of chromosomes is 25 pairs. Such
species include 5 species of fish, such as Scleropages formo-
susand Esox lucius. 11 indicates that the number of chromo-
somes is 24 pairs. Such species include a total of 23 species of
fish, such as Echeneis naucrates and Larimichthys crocea, etc.
12 indicates that the number of chromosomes is 23 pairs. Such
species include a total of 5 species of fish, such as Gadus mor-
hua and Poecilia reticulata. 13 indicates that the number of
chromosomes is 22 pairs. Such species include 11 species of
fish such as the Takifugu rubripes and Cynoglossus semilaevis,
etc. 14 indicates that the number of chromosomes is 21 pairs.
One such species is Betta splendens. 15 indicates that the num-
ber of chromosomes is 20 pairs. One such species is Denticeps
clupeoides. 16 indicates that the number of chromosomes is 19
pairs. One such species is Nothobranchius furzeri. 17 indicates
that the number of chromosomes is 18 pairs. One such species
is Erpetoichthys calabaricus. 18 indicates that the number of
chromosomes is 16 pairs. One such species is Chanos chanos.

2.2 Ensembl HiEEPHEREFALHEE
JAWF Ensembl B8 P2 & B, 28 AL 5 IR
fil H (Characiformes) . #J¥ H(Clupeiformes). fif
J¥ H (Cypriniformes) . #J H (Cyprinodontifor-
mes) . #5JE H (Gadiformes) . $i|f1 H (Gasterosteifor-
mes) . H112 H (Gymnotiformes) | 4£ i H (Lepidostei-
formes) . & 8 H (Myxiniformes) . ‘& 7 1 H (Osteog-
lossiformes). #1Z H (Perciformes). #J¥ H (Pleu-
ronectiformes) . Zfi§ i H (Polypteriformes) . f£JE
H (Salmoniformes) . ¥ H (Siluriformes) . & i fi
H (Synbgranchiformes)FlfidiJE H (Tetraodontiformes)
174 H s8R i B R L B (R 2)  Ho, 0
KMERZMEHITEHA 23 f, HIOEHIEH,
A 128, IBEEE . EIEH . migH, HigH . £
g H . Gl E . 65F H REsE BE A 1 F
02, BRI, M ICHEHE P ) Y 2 20 i
ey, W 4 e RRAGE S, B
5 48 1 (Lepisosteus ocul atus) 2 45 K 2H 15 48 =F- - )
Oy AR IR AR 1 Fhfa, HOEPRI
AR 1Y S AR G S X B A A i
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% 2 Ensembl FEY & R HIEE
Tab. 2 Fish database in Ensembl

H order

24 scientific name

&% common name 43245 Taxon ID

JR®LH Characiformes
#:F2 H Clupeiformes

##JE H Cypriniformes

J¥ H Cyprinodontiformes

%I H Gadiformes
Hlf H Gasterosteiformes

6% H Gymnotiformes
##%H Lepidosteiformes
HH H Myxiniformes

B H Osteoglossiformes

it H Perciformes

41 A fi Pygocentrus nattereri
KP§##E Clupea harengus

5 Denticeps clupeoides

BVG RN IR 4 Astyanax mexicanus
BETifa Daniorerio

75 4 Poecilia formosa

L4540 Poecilia reticulata

ENJ¥ 78 Oryzias melastigma
HZA3 % Oryzias latipes

BEL /M Kryptolebias marmoratus
JE4= 6\ & 1 Xiphophorus couchianus
JE# Fundulus heteroclitus
AEBESI 1 Xiphophorus maculatus
FEF L8 Poecilia latipinna

Z=fa8 Cyprinodon variegatus

JEEE I Poecilia mexicana

iy fs Gambusia affinis

K PG E; Gadus morhua

=Jifi Gasterosteus aculeatus

Jg i Hippocampus comes

FL#8 Electrophorus electricus

BE 5 486 Lepisosteus oculatus

TGN H A8 Eptatretus burgeri
SEMHAEME 5 1 Scleropages formosus
W% 2 BRI Al M Paramor myrops kingsleyae
I [GResk 1 Labrus bergylta

HWn Lates calcarifer

RAESR A Stegastes partitus

BRI HEEf Gouania willdenowi

A3 [GAMIR . Haplochromis burtoni
HEBEFL AL B Cottoperca gobio

#4fi Anabas testudineus

AT /NH 8 Amphiprion ocellaris
LUETH . Astatotilapia calliptera
BEIfA Seriola dumerili

2 EIWA . Parambassis ranga
K#a Larimichthys crocea

A FCHT>s i Neolamprologus brichardi
Zs FUFNT #1 Pundamilia nyererei
@ X 5E £ Amphilophus citrinellus
HEZE XU/ Amphiprion percula
KEEHIRff Periophthal mus magnuspinnatus
% 3] Betta splendens

red-bellied piranha 42514
Atlantic herring 7950
denticle herring 299321
Mexican tetra 7994
zebrafish 7955
amazon molly 48698
guppy 8081
Indian medaka 30732
Japanese medaka hdrr 8090
mangrove rivulus 37003
monterrey platyfish 32473
mummichog 8078
platyfish 8083
sailfin molly 48699
sheepshead minnow 28743
shortfin molly 48701
western mosquitofish 33528
Atlantic cod 8049
stickleback 69293
tiger tail seahors 109280
electric eel 8005
spotted gar 7918
hagfish 7764
asian bonytongue 113540
p. kingsleyae 1676925
ballan wrasse 56723
barramundi perch 8187
bicolor damselfish 144197
blunt-snouted clingfish 441366
burton's mouthbrooder 8153
channel bull blenny 56716
climbing perch 64144
clown anemonefish 80972
eastern happy 8154
greater amberjack 41447
Indian glassy fish 210632
large yellow croaker 215358
lyretail cichlid 32507
makobe island cichlid 303518
midas cichlid 61819
orange clownfish 161767
p. magnuspinnatus 409849
siamese fighting fish 158456

(2:3% to be continued)
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H order

24 scientific name

fifif, H Perciformes

I H Pleuronectiformes

Z1tigta H Polypteriformes
) H Salmoniformes

fiif2 H Siluriformes
4184 H Synbgranchiformes
filif£ H Tetraodontiformes

2848 Acanthochromis polyacanthus
Je ¥ ®HEf Oreochromis niloticus
#Zfifi Seriolalalandi dorsalis
BETh 48 (F £ R} ) Maylandia zebra
JKHlfifk Mastacembelus armatus
2958 Cynoglossus semilaevis
K2£6iT Scophthal mus maximus
48 Erpetoichthys calabaricus

Z ¥ B 41 Hucho hucho
HBES 1 Esox lucius

B 5 SRl I ctalurus punctatus

% fif Monopterus albus
216E 75 J5 fli Takifugu rubripes
44 Mola mola

LEy i Tetraodon nigroviridis

(823 2 Tab. 2 continued)
{&FF common name 43255 Taxon ID
spiny chromis 80966
tilapia 8128
yellowtail amberjack 1841481
zebra mbuna 106582
zig-zag eel 205130
tongue sole 244447
turbot 52904
reedfish 27687
huchen 62062
northern pike 8010
channel catfish 7998
swamp eel 43700
fugu 31033
ocean sunfish 94237
tetraodon 99883

T AR AL B Ensembl £ 5 8, R B 5 58 Fih a5l .

Note: Based on the information in the Ensembl database at the time of data processing, it was found that it contained 58 fish databases.

SEAF B2 4R 5 20 B, W] R S OB R
3 AR O 5 A1 11 4 ) AR 0 g v Ak 4 AR BB Sy
23 HtaEXEFRAHEE

— S T A A W B2 T R ) B DR 2 K
I A ) Ay i SR B P A R S I
n, fa 2 XA ) BE D £ 500dE 4 (Zebrafish Model
Organism Database, ZFIN, https://zfin.org/)tl & Bt
yfo iy JE G B DA Bt LA KSR . R
ARER AR EFA Y R D L R SR, 5
] [ 52K 7 34 A X 2H TR B3 2 (National Aqua-

culture Genome Project, https://www.animalgenome.

org/aquaculture/database/) G 4 | fif; T 6 F1 = 5C
1 S5 T BT 2R BST Adi 4 DL R H L 4 9
PR 00 e ERMIE T AR E T LA A
2% v A0 BE R 2 9% 5 50U 7 (Grass Carp Genome
Database, GCGD, http://bioinfo.ihb.ac.cn/gcgd/php/
index.php)@ 7% T H A A PR AE i AL LR D 2
XU ] TSI E | R IR MG
FEEE 3 T LRI S AR 2%

3 aXEFNEERBEXEERBERE

AT, 02 i [RS8 3 9 A e 415 Ak ke
AW B LTI ACHHE I BB 4TS U

o BRI ZEAE N2 2 OB PR A Yl Rl
AT B Ao B AR A DG T R A B R
BT AP T i — 4 2 4 HoAt B B2 22 %t 2 i1 Qg
PRGNS AR o R T S A A et AR PR
S A OC L PR e, FRATIAME T LA = A E 2N
AR A 5 1
3.1 KEGG #{#5F # i & 015148 36 B E #iE B
KEGG 42 % (http://www.genome jp/kegg/)" ¢
R E 5  3 (KEGG PATHWAY) 248t T i
NN ARSI RSB NS SDNE - 3rS NI NP NG Sl i = %2l
MRENATREMS S TEiREY R I§
FERNER AR A SR R 2R R 2R 1 Ty SR A
N, A SOy B R HS KEGG 2L
it 127 v () S LR AR 138 5 (amino acid metabolism)
R HCAh 22 LR 1 158 1 (metabolism of other amino
acids)M 25, JAF KEGG ¥t &, & Mz B E A
T T AR BT A, AR BE 55 SR il (Ictalurus
punctatus)&E 41 FhaE & 8 &, SR KT
- W) 4R %% (Callorhinchus  milii) Al 5 % (Rhincodon
typus) P BRI AR B (R 3). Hrb, EHi
4> 2% 4l (Sinocyclocheilus grahami)i25 . BEE IR
H BRSO B H i 2, R 3817 5 KIGH
WYER BB H /b, Sl 1589 4
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#*3 KEGG FHI&aEHIFEE
Tab.3 Fish database in KEGG

w4 FERe R TR YA S EH S

current name number of genes involved in major energy metabolism Taxon ID
PED i Daniorerio 1800 7955
FR 42648 Sinocyclocheilus rhinocerous 3751 307959
K440 Sinocyclocheilus anshuiensis 3626 1608454
42640 Sinocyclocheilus grahami 3817 75366
i Cyprinus carpio 3536 7962
B 5 RSl ctalurus punctatus 1999 7998
J%3k % Pangasianodon hypophthalmus 1976 310915
BEVG IR Astyanax mexicanus 2054 7994
HiL i Electrophorus electricus 1964 8005
LT HE AR Jr fili Takifugu rubripes 2075 31033
£l Tetraodon nigroviridis 2103 99883
Kl Larimichthys crocea 2016 215358
W B 11 Notothenia coriiceps 2184 8208
Bt B4 (i £ BL) Maylandia zebra 2289 106582
Je % W HE4 Oreochromis niloticus 2407 8128
H4<¥%#% Oryzias latipes 1941 8090
EBESI R 4 Xiphophorus maculatus 2037 8083
4G FE 1 Xiphophorus couchianus 2011 32473
fL4£14a Poecilia reticulata 2042 8081
et Cyprinodon variegatus 2132 28743
ALY P58 Nothobranchius furzeri 1956 105023
BELLRS /NS Kryptol ebias marmoratus 2018 37003
WA CIRES Austrofundulus limnaeus 2133 52670
2F/NH A Amphiprion ocellaris 2219 80972
W Cynoglossus semilaevis 1961 244447
T Paralichthys olivaceus 2134 8255
H ¥ Lates calcarifer 2243 8187
BEFfa Seriola dumerili 2068 41447
WA Seriolalalandi 2422 302047
JE D Hippocampus comes 1921 109280
K1 Boleophthalmus pectinirostris 2059 150288
% fi Monopterus albus 1961 43700
KP4 Salmo salar 3734 8030
W T8 Oncorhynchus tshawytscha 3304 74940
b 4r i fd: Salvelinus al pinus 2975 8036
H B S 1 Esox lucius 2037 8010
FEmfE{ME 1 Scleropages formosus 2066 113540
W% 2 e @I i 1. Paramormyrops kingsleyae 2046 1676925
PHENEE 7 B f4 Latimeria chalumnae 1829 7897
KR 2 Callorhinchus milii 1589 7868
fifi % Rhincodon typus 1899 259920

T RIEBIE AL B KEGG B M5 B, KB P 41 Fha 25z .

Note: Based on the information of the KEGG database at the time of data processing, it was found that it contained 41 fish databases.
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e . AT 2 PrAr sh ) S it 52 1
AR YY), B 0 B O 58 1R N 2
Kol . MU BLA 1) KEGG $04f FE hoaR 15 iy 3 1 1
FRHE A SR MBI R (R 4), KRS S5R 5 M
WA A BE A 591 A, JHrb o 3 B R L
AR 6 1) B R e 22 A7 90 A, LY Ml T ik AR
SeA RN 78 Ao BRI e A
573 A, Horb £ H il e i QI A S TN e 2

101 A, HUORTH A B A 66
Ao BEAFAAHE I E 636 4, HAp
6 S R i A i A SR e 2k 77 4, HOROR R &
Fii R A LA 61 4~ 9 4b, EHA
FERACHA D BN SRR A i SO 0
Ao 3 BE I A L R g, AT
AR TR A FZ 4 A 8 2 108 AR AH G 56 PR B 3y ik
HE,

*4 LIKEGG A, D& RGHEREXERTIR
Tab. 4 Zebrafish metabolism related gene pathway list in KEGG

AT R ARG i HHOCHE R A%
metabolic process metabolic pathway number of related genes

VEBEfR /BE A glycolysis/gluconeogenesis 78
FrE BRI PR (TCA 1R) citrate cycle (TCA cycle) 35

WiER XM 48 pentose phosphate pathway 33

I T 28 BE TS TR WU AH B 5% 1k pentose and glucuronate interconversion 22
SR H &S fructose and mannose metabolism 43

7L B galactose metabolism 33

S8 PUIR Il R FNEEAE — iR ascorbate and aldarate metabolism 19
carbohydrate VER FRERE(Ci starch and sucrose metabolism 36
metabolism IR AT RIS amino sugar and nucleotide sugar metabolism 58
NERBR ER R pyruvate metabolism 47
CER LA R ELAR glyoxylate and dicarboxylate metabolism 37

PIBRICHT propanoate metabolism 34

THREE/C butanoate metabolism 24

C5-Z Lt C5-branched dibasic acid metabolism 2

AR ULEE 1% inositol phosphate metabolism 90

BEWTBR =95 Y. fatty acid biosynthesis 22

AR M2 4E{H fatty acid elongation 34

NG Wi ERF%f# fatty acid degradation 46

i {4 ) 5 B 5 B A% synthesis and degradation of ketone bodies 9

AT, BRI AE YA L cutin, suberine and wax biosynthesis 1

KEIWEE Y G Y, steroid biosynthesis 19
VIR E ¥ & B primary bile acid biosynthesis 21

Hﬁ'ﬂjiﬁﬁ KEIBE I E KA Y, steroid hormone biosynthesis 38
metle:g:iism HimmEs i glycerolipid metabolism 66
Him#iis 1t glycerophospholipid metabolism 101

kIR A5 ether lipid metabolism 45

BB sphingolipid metabolism 60

AEAE VIR ERAR T arachidonic acid metabolism 47

WM BRI linoleic acid metabolism 17

a- P RER TG} alpha-linolenic acid metabolism 18
ARG R 4 4 ) & B biosynthesis of unsaturated fatty acids 29

(4255 to be continued)
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(823 4 Tab. 4 continued)

AR T ARG I i HHOCHE A%
metabolic process metabolic pathway number of related genes
WA . REEMRMAZ R alanine, aspartate and glutamate metabolism 44
H&Em . 22 MRt glycine, serine and threonine metabolism 45
2 B fEE Z AL cysteine and methionine metabolism 53
AR, AR ST E B M# valine, leucine and isoleucine degradation 55
AR, seRAMRMST ALY A valine, leucine and isoleucine biosynthesis 4
AW )G W lysine biosynthesis 1
AR RRAI # S BR R f# lysine degradation 77
amino acid
metabolism KR BREY A M arginine biosynthesis 25
K = FR A& BR 0 arginine and proline metabolism 61
HAEBRICH histidine metabolism 25
% S FR1CIH tyrosine metabolism 34
KN MR phenylalanine metabolism 16
O BRI tryptophan metabolism 50
FNERR . BARMOERRAEY A M phenylalanine, tyrosine and tryptophan biosynthesis 6
N & BRI beta-Alanine metabolism 35
p-
A= fitf R AN 2F i AR 103 taurine and hypotaurine metabolism 14
JE TR R AR B FRER R phosphonate and phosphinate metabolism 8
HoAih = B R
KAt AHLEWALA P CE selenocompound metabolism 16
metabolism A cyanoamino acid metabolism 0
of othe.rd D RIS Z A D B EBRICH D-Glutamine and D-glutamate metabolism 5
amino acids
D AU AR A D B 5 #R R D-Arginine and D-ornithine metabolism 3
D # ] D-Alanine metabolism
AU R A 1 boli 0
Cif Glutathione metabolism
AT IAUH Glutathi boli 59
&1t total 1800

ARG KEGG 8, SEiT-5 500 th AR R B OMEZE . G280 85 11 ) A B 10 1 SG 22 R KOR: 1800 .

Note: The table shows the number of genes involved in energy (saccharide, lipid and protein) metabolism pathways in zebrafish. According to

the current KEGG database, there are 1800 genes.

3.2 Reactome X 15118 B £ 48 B

Reactome %{¥E % (http://www.reactome.org)fi,
TN R E B P B E S
DA A0 i JE 300 4 16 e R A DT A, iR
5 T UniProt Al OMIM %4k 2 b (1) X EE ) e A0
PR A B RPY R KEGG Bdis EAH 1L, %
B A B R R o HER s, BEEERE, 2 —
AR AR R FIZHE TR PFitk, B2t
S PRI — N SR
3.3 OMIM Hi#E B & fm tH X E

OMIM (Online Mendelian Inheritance in Man)
B E (https://www.omim.org/), J& A3 K it
R IR e A 5 AT R o
IR BN (1 B R 5 BT 15000 4>, &4~ OMIM

4 HEA i ARSI H 4 CiE, JEHYS
Am B GEUR (A0 DNA FIE [ 551, PubMed 2
%, SRR R IE R i 44 15 S ) A SRR K
Z U0 AT LIARE AR R, Sk a2 b
KEE Y B R FR Y, 4 g A 2 AR 5 0 5K
f R,

4 AEHEEELEERBEFEELRS T

TR AN [RECE 1 B 1 S S DR 2 5K
W&, ARWFFE LA T NCBI. Ensembl Al KEGG
B v A B ) R S BR AR BB 3). SR A
I NCBI & a8 Esie Rz, f1 191
Pl e NCBI 445 19, 45 1 FfJ2& Ensembl 454 1
TAN, 3 BRI R IVE M aZEBERIER 24 Fh,
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NCBI
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Fig. 3 Venn diagram of fish database in NCBI,
Ensembl and KEGG
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Investigation and analysis of a gene database related to fish nutritional
metabolic diseases

ZHANG Yuru, ZHANG Junmei, REN Yanhua, NIE Guoxing

College of Fisheries, Henan Normal University; Engineering Technology Research Center of Henan Province for
Aquatic Animal Cultivation, Xinxiang 453007, China

Abstract: In the past three decades, China’s aquaculture industry has achieved rapid development, and its produc-
tion has always been leading the world. In 2018, the ratio of China’s aquaculture production to world production
was as high as 60%. At the same time, the disadvantages of high-density, intensive farming have gradually
emerged. For example, an illogical combination of nutritional elements such as sugars, proteins, fats, vitamins and
minerals in aquatic feeds leads to nutritional disease in fish, which has a huge impact on production. The preva-
lence of nutritional metabolic diseases has severely restricted the sustainable and healthy development of aqua-
culture, and it is urgent to address this. The etiology and pathogenesis of nutritional metabolic diseases such as
excessive body fat accumulation and fatty liver are extremely complicated. Disorders of energy metabolism are
caused by a combination of internal genetics and external environment. At present, the prevention and treatment of
nutritional metabolic diseases are mainly through moderately reducing fry stocking density and feeding nutrition-
ally balanced feeds as much as possible. However, there are still some restrictions in terms of genetics. Increas-
ingly, studies show that genes play an important role in metabolic diseases. Finding genes related to metabolic
diseases, especially those involved in and regulating the glucose and lipid metabolism pathways, and studying
their biological functions and mechanisms of action has gradually attracted the attention of the aquaculture scien-
tific community and industry. At present, the gene database related to nutritional metabolic diseases is in the de-
velopmental stage. The genes which regulate the physiological activities and metabolic functions of fish can be
obtained from the database. However, the establishment of a gene database network platform for disease regulation
is still in the preliminary stage of research. Therefore, this paper firstly gives a brief introduction to the definition
of fish nutritional metabolic disease and its pathogenesis. Secondly, the NCBI genomic database was interrogated,
and we found that the database contains 265 fish species, and the size of their genomes varies widely. The Car-
charodon carcharias has a genome size of 0.001005 Mb, which is the smallest. The fish with a genome size rang-
ing from 609.39 to 699.33 Mb occur most frequently, with 47 species in total. There are 36 species of fish with a
genome size of 701.7-799.42 Mb. The database also shows the number of chromosomes in 64 fish species, with
different numbers of chromosomes in different fish species. Among them, the largest number of chromosomes
occurs in Carassius auratus, which has 59 pairs of chromosomes, and Chanos chanos has 16 pairs of chromo-
somes, which is the lowest number of chromosomes. In addition, nearly 40% (23 species) of the 64 species have
24 pairs of chromosomes. By investigating the Ensembl database, the genomic data of 58 fish species in 17 orders
were obtained. Among them, Perciformes includes the most species of fish (23). Next, Siluriformes includes 12
species of fish. There is only one fish species in the orders Characiformes, Gadiformes, Gymnotiformes, Myxini-
formes, Polypteriformes, Synbgranchiformes, Siluriformes, and Lepidosteiformes. By investigating the KEGG
database, we found that it contains a database of 41 fish species. Among them, the number of genes related to
glycolipid metabolism in Sinocyclocheilus grahami is 2540, which is the highest number, and the number of genes
related to glucose and lipid metabolism is lowest in Callorhinchus milii, at 1075. This paper highlights the number
of genes that regulate the various pathways of glycolipid metabolism in zebrafish, and briefly introduces other fish
databases and metabolic-related databases which provide theoretical support for the development of the gene da-
tabase network platform related to nutritional metabolic diseases, and lays a solid foundation for the treatment and
prevention of fish nutritional metabolic diseases.

Key words: fish gene database; nutritional metabolic diseases; NCBI; KEGG; Ensembl
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Mz 1 NCBI FHI& L HIERE
Attached table 1 Fish database in NCBI

Y)Fh 4 organism name FE DR 21 20 K B /MDD size PR XT /% number of chromosomes
B GHGE S Acanthochaenus |uetkenii 545.759 -
T2k 4¢  Acanthochromis polyacanthus 991.585 -
JIMAE#S Acipenser ruthenus 1732.55 -
WP TC/HfE  Ageneiosus marmoratus 1030 -
1% (0 SR TR £2. Amphilophus citrinellus 844.903 -
S F/NH A Amphiprion ocellaris 880.721 -
R3S AR Amphiprion percula 908.956 24
K2 0 Anabarilius grahami 991.887 -
fa524 % Anabas testudineus 569.722 -
#8 R4 Anarrhichthys ocellatus 612.774 -
RPN & Anguilla anguilla 1018.7 -
H A figff§  Anguilla japonica 966.917 -
FEYNEEHE Anguilla rostrata 1413.03 -
ffiE A4 IR Anoplogaster cornuta 0 -
AL#% Anoplopoma fimbria 699.326 -
<808 £ Antennarius striatus 441.857 -
ZERE Y Aphyosemion australe 868.349 -
5B ff Arapaima gigas 661.279 -
Je i B #A TR 2 Archocentrus centrarchus 932.93 24
Je# % Arctogadus glacialis 428.792 -
JELETifa Astatotilapia calliptera 880.446 22
ARVGEFT IR Astyanax mexicanus 1335.24 25
M CIRES Austrofundulus limnaeus 866.963 -
[F fif Bagariusyarrelli 570.807 -
M i Bathygadus melanobranchus 431.203 -
VKJEAT fi Benthosema glaciale 676.314 -
214 IR Beryx splendens 533.268 -
#&[H |-t Betta splendens 441.389 21
K% Boleophthal mus pectinirostris 955.752 -
JtfE Boreogadus saida 412.07 -
Btk EE O Borostomias antarcticus 430.363 -
H [KEEfE Bregmaceros cantori 1144.1 -
FREERT Brosme brosme 412.731 -
ZW Rl Brotula barbata 485.061 -
Wi 4 FC A AR 8- Call opanchax toddi 853.386 -
KM W4R . Callorhinchus milii 974.499 -
£l ¥4 Carapus acus 387.834 -
filll Carassius auratus 1820.64 59
K% Carcharodon carcharias 0.001005 -
Jifff Cebidichthys violaceus 593.001 -
SkaF vk 4 Chaenocephalus aceratus 623.452 -
5, Channa argus 644.13 24
it H 1 Chanos chanos 656.929 16

(¥4 to be continued)
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Y4 organism name FE R4 21 ¢ K JE/Mb size Ye o R X E/%F number of chromosomes
U X EiEfa Chatrabus melanurus 1128.44 -
% 4BEFT % Chiloscyllium plagiosum 3776.55 51
JLBEAT . Chiloscyllium punctatum 3375.7 -
Jtf# 4 Chromis chromis 834.429 -
fi§ Cirrhinus molitorella 920.273 -
#]Ffif Clarias batrachus 821.75 -
KVG 4 Clupea harengus 807.712 -
J115% Coilia nasus 812.16 24
Wik # 2 Collichthys lucidus 877.615 24
F#E: Coregonus 2068.07 40
[FE M2 f%  Coryphaenoides rupestris 829.209 -
FBEFL AL B Cottoperca gobio 609.392 24
SETI A2 f4 Cottus rhenanus 563.609 -
235 5 85 Cynoglossus semilaevis 470.199 22
NAEikEE Cyprinodon nevadensis 1011.85 -
Zfa i Cyprinodon variegatus 1035.18 -
il Cyprinus carpio 1713.66 50
BLAIA Cyttopsis rosea 546.506 -
BEH 4 Daniorerio 1679.2 25
/NI IfiL % f5. Danionella dracula 665.208 -
B /N[ 11 7F] Danionella translucida 735.303 -
Zedb i Datnioides undecimradiatus 595.034 -
#4538 Denticeps clupeoides 567.401 20
EX I Dicentrarchus labrax 675.917 -
A0 #EHY Diretmus argenteus 0 -
fifl Echeneis naucrates 544.229 24
HiLfig Electrophorus electricus 551.881 -
FAFABEM Epinephelus coioides 0 -
#eA A BEf Epinephelus lanceolatus 1087.4 24
=Y A BEf Epinephelus moara 1030.46 24
IR E 58 Eptatretus burgeri 2608.38 -
Fifi#  Erpetoichthys calabaricus 3811.04 18
FHBEMff Esox lucius 940.907 25
5 I #2465 Etheostoma spectabile 854.79 24
Jin& KJE#E  Fundulus heteroclitus 1021.9 _
AR KHEREE  Gadiculus argenteus 396.767 -
LR % Gadus chal cogrammus 448.868 -
KVG A% Gadus morhua 669.966 23
Bt Gambusia affinis 598.663 -
TR itn Gambusia holbrooki 764.986 -
= Jfilffi Gasterosteus aculeatus 467.452 -
JR S 4%t Gouania will denowi 937.151 23
TR Guentherus altivela 539.599 -

(¥4 to be continued)
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(LM} 3¢ 1 Attached table 1 continued)

Y4 organism name FE R4 21 ¢ K JE/Mb size Ye o R X E/%F number of chromosomes
A1 R AR 2 Haplochromis burtoni 831.412 -
Wt Helostoma temminkii 599.808 -
J&E#E T Hippocampus comes 493.776 -
KA E# Holocentrus rufus 649.757 -
Z#§¥T % 1 Hucho hucho 2487.55 -
f% Hypophthal michthys molitrix 1104.68 -
fiff Hypophthal michthys nobilis 1012.06 -
L kSfE Hypoplectrus puella 612.29 -
BE 5 X R 1ctalurus punctatus 783.275 29
B BRI Kryptolebias hermaphroditus 683.987 24
LI Ak Kryptolebias marmoratus 680.367 -
FEF#; Labeo rohita 1484.73 -
JER VTN Labeotropheus fuelleborni 70.8584 -
NGRSk ff Labrus bergylta 805.481 -
KHR 22 6ig4% Laemonema laureysi 306.495 -
B H M Lampris guttatus 849.278 -
L AKRIE Lamprogrammus exutus 492.85 -
Kt Larimichthys crocea 657.94 24
1Ef7 Lateolabrax maculatus 519.239 24
42wty Lates calcarifer 668.481 -
PHENEE#ET B fi Latimeria chalumnae 2860.59 -
B 5 42 Lepisosteus oculatus 945.878 29
F LRI /RIFHE A Lesueurigobius sanzi 810.626 -
AWK F-LAEES Lethenteron camtschaticum 1030.66 -
#RALHE® 4 Leuciscus waleckii 752.539 -
JH#% Leucoraja erinacea 1555.46 -
MEWiFfa Liparis tanakae 498.979 -
#fg i Lophius piscatorius 747.364 -
VL&% Lotalota 397.499 -
W FE s Maccullochella peelii 633.241 -
[ FE % [Cfif Macquaria ambigua 661.429 -
I (G5 Macquaria australasica 675.976 -
HE K JEHE Macrourus berglax 399.876 -
KPR E 5 Malacocephalus occidentalis 350.34 -
il Mastacembel us armatus 593.082 -
BEE AN Maylandia zebra 957.485 22
#EZ= 7P Mchenga conophoros 73.4256 -
YA BAFH 1. Melanochromis auratus 68.2386 -
MR % Melanogrammus aeglefinus 652.791 -
KiEEEE Melanonus zugmayeri 432.903 -
% Merlangius merlangus 423.942 -
BIETLAE Merluccius capensis 414.317 _
R JEZ0 S Merluccius merluccius 401.035 -
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Y4 organism name F R 21 21 %6 K B /Mb size YefE AR SE/%F number of chromosomes
I TGS Merluccius polli 401.149 -
% B3k B e Micropterus floridanus 1001.52 -
fififi Miichthys miiuy 619.301 -
7268 Mola mola 639.452 -
fiF &% Molva molva 437.481 -
HZAR#AER 1 Monocentris japonicus 556.024 -
# it Monopterus albus 684.144 -
RitEf% Mora moro 344.961 -
4 HRIRES Morone chrysops 620.984 -
#RAEHT Morone saxatilis 598.11 -
S 258 155655 Muraenol epis mar mor atus 416.391 —
g R AEAC 2 Myoxocephal us scorpius 520.316 -
MRS Myripristis jacobus 720.397 -
M 4E8Ef Myripristis murdjan 835.255 24
5B j2 £ Neogobius mel anostomus 1003.74 -
A FCHr 22 TR 48 Neolamprologus brichardi 847.91 -
51848514 Neoniphon sammara 659.226 -
XU MG 7 48. Neostethus bicornis 778.441 24
T Nibea albiflora 574.466 -
3 FC B % Nothobranchius fur zeri 1242.52 19
LB B 8% Nothobranchius kuhntae 1122.66 -
#E B 4 Notothenia coriiceps 636.614 -
WUEEL) i Ompok bimaculatus 718.109 -
£ Oncorhynchus kisutch 2369.93 30
i1 i Oncorhynchus mykiss 2179 29
21t Oncorhynchus nerka 1927.14 29
7 A Oncorhynchus tshawytscha 2425.71 34
Kk Bk f1 Ophiodon elongatus 635.568 -
%1114 Oplegnathus fasciatus 766.301 -
W HEfa Oreochromis aureus 918.937 -
Je¥ B HEfa Oreochromis niloticus 1005.68 22
4P Ef Oreochromis spilurus 764.975 -
JUH: i Oryzias javanicus 809.68 24
1t Oryzias latipes 734.057 24
58 Oryzias melastigma 779.47 -
th4# % Oryzias sinensis 813.987 -
#1J i Osmerus eperlanus 342.759 -
Hr G #8 Oxygymnocypris stewartii 1849.22 -
H#F 8 Pachypanchax playfairii 669.774 -
H1f§ Pagrus major 875.465 -
iR #E Pampus argenteus 350.449 -
F&3k% Pangasianodon hypophthalmus 715.76 -
/NI Parablennius parvicornis 599.249 -
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(LM} 3¢ 1 Attached table 1 continued)

Y4 organism name F PR 2H 2H 25 K /M size Ye AR H/% number of chromosomes
F&F Paralichthys olivaceus 643.911 -
2RI Xl Parambassis ranga 551.013 22
W% R /i Paramor myrops kingsleyae 799.421 -
i ICRI 75 HR 11 Parasudis fraserbrunneri 707.987 -
T Perca flavescens 877.456 24
W[ty Perca fluviatilis 958.225 -
it Percopsis transmontana 458.089 -
YY1 Periophthalmodon schlosseri 679.761 -
KGRI ff Periophthalmus magnuspinnatus 701.697 -
p-LH8A2 Petromyzon marinus 1130.42 -
AR 85 Phycis blennoides 416.767 -
¥ % Phycis phycis 346.335 -
itk fi%  Pimephales promelas 1219.33 -
fafi® Planiliza haematocheilus 747.343 -
Y Plectropomus leopardus 902.848 24
75 4L Poecilia formosa 748.923 -
FFiEEE Poecilia latipinna 815.145 -
s g8 Poecilia mexicana 801.711 -
FLAEEEE Poecilia reticulata 731.622 23
L% % Pollachius virens 394.928 -
H A5 Polymixia japonica 554.896 -
= M PUZIE Poropuntius huangchuchieni 760.177 -
FEil 48 Pseudochromis fuscus 657.041 -
W74 % Pseudoliparis 840.641 -
T Pseudopl eur onectes yokohamae 547.831 -
%S HUFNAR f2. Pundamilia nyererei 830.133 -
J\BRZ Hil {1 Pungitius pungitius 463.371 -
Z1E 1 A f Pygocentrus nattereri 1285.35 -
St Regalecus glesne 656.004 —
KZZ6F Reinhardtius hippoglossoides 677.541 -
12 44T £4. Rhamphochr omis esox 71.2951 -
fi5i %% Rhincodon typus 2931.6 -
[ J5 J¢ [ fii. Rondeletia loricata 568.598 -
ML Salarias fasciatus 797.507 22
KPEE#E Salmo salar 2966.89 29
fi§ Salmo trutta 2371.88 40
b1 i fd: Salvelinus alpinus 2169.55 39
M)t Sander lucioperca 900.478 _
PEIIH BT Sander vitreus 782.908 -
T fi Sardina pilchardus 949.617 -
FH k1 Scartelaos histophorus 695.009 -
W g £ Scleropages formosus 784.563 25
KZE6F Scophthalmus maximus 524.979 22
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Y)Fh 4 organism name

FL R 21 41 %6 K /M b size

Ye i AR NHE/%F number of chromosomes

JE8U % Scyliorhinus torazame
B[ £4 Hf P-fill Sebastes aleutianus
WLl Sebastes koreanus
/8- il Sebastes minor

APl Sebastes nigrocinctus

4 Vil Sebastes norvegicus

#F-fih - Sebastes nudus

4145 -fili Sebastes rubrivinctus
PGPl Sebastes schlegelii

WG F-fili Sebastes steindachneri
K15 A 5 Selene dorsalis

B ¥kt Seriola dumerili

A4 Seriola lalandi

44l Seriola quinqueradiata

K AE i Seriolarivoliana

4R i BT /8. Simochromis diagramma
K44 Sinocyclocheilus anshuiensis
4448 Sinocyclocheilus grahami
A 4: 264 Sinocyclocheilus rhinocerous
4:3k14 Sparus aurata

BEHF K24 Sphaeramia orbicularis
HHEfH Spondyliosoma cantharus

K HE® 1 Squalius pyrenaicus
RANEYR 4 1H Stegastes partitus
#iFE . Stylephorus chordatus

7 Kk 2. Symphodus melops
RiMEJe Syngnathus acus

#Fifa Tachysurus fulvidraco
UBEA J5 fili Takifugu bimaculatus
35 ¥ A J7 i Takifugu flavidus

LT #E A 7l Takifugu rubripes

= fiff Tenualosa ilisha

5 BE fili Tetraodon nigroviridis
XAt Thal assoma bifasciatum

W Lh3Eb i3 41 Thal assophryne amazonica

W #EE4 AR Thunnus albacares
KB Thunnus orientalis
b5 iE#E 44 Thunnus thynnus
[ 8. Thymallus thymallus

YR ERAS Trachinotus ovatus

R ICHFLES Trachyrincus murrayi
ML fLES Trachyrincus scabrus
145 25 56 Triplophysa siluroides

4470.98
899.65
725.092
681.653
746.045
717.741
724.045
756.297
728.477
648.011
528.779
677.686
732.51
639.27
666.142
848.827

1632.72

1750.29

1655.79
833.595

1342.66
680.472

48.1393
800.492
488.489
614.569
324.331
713.811
371.676
366.287
384.127
815.648
342.403

1095.91

2446.59
728.212
786.597
648.209

1564.83
648.062
452.417
369.862
583.428

24
23

22

22

22
22

(f#4£E to be continued)



55 8 1] SR T a2 £ 2EE TR MBI A O3 D KR 128 (R A5 2 B

979

(LM} 3¢ 1 Attached table 1 continued)

Y4 organism name FE R4 21 ¢ K JE/Mb size

YefE AR SE/%F number of chromosomes

A 5 IR Triplophysa tibetana

40K B Trisopterus minutus

B 7 it Typhlichthys subterraneus
Ji 4 % 2 f2. Xiphophorus couchianus
$Eff Xiphophorus hellerii

FEPES 1 Xiphophorus maculatus
AR5 Zeus faber

652.93

334.717
555.56

688.542
732.889
704.321
610.433

25

24
24
24

TE: ARIEECE AL BN NCBI B FE AR B, R IUH b & 265 Tt 28B4 . 3R JE A 4 80300 oK A 3 HLAA A B (A R OK -

Note: Based on the information in the NCBI database at the time of data processing, it was found that it contained 265 fish databases.

indicates that genomic data are not located at specific chromosomal levels.
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