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1.1 SEIEHR

S T FH A SR B TR A S AR VLB,
BIRK(13.3243.41) cm, “F-IKH A (58.16+26.65) g

PR R AR TCA3 1) P B T ok ke S 50
FIEAOKFIEGL N TR, FRAHIRE N 11~12 C,
1.2 SLIHE
121 HRAZNE S OBRREE S, Pk
RAEAARIFAERRIE, EBIR/N R 0.5 cmx0.8 cm,
FH B T Bouin’s [ 5E 24 h J5, 70% & B A
0 12 ho BREECEENIK, ZHIGER], A A,
Leica RM2016 Y] A HLiESEY) H (V) m) 5 B A K
IR E), JEEN 5~6 um, A . JB A5 HE Jfd,
TP e E H . Leica DMIG000B H 627 i s T
WMEE, Leica A EIFHAI . 430l 3 B 3
B BT, —80 CUKF B4 H .
122 EHBEEUR ISR KN 0.1 cmx
0.1 cm, FERT 4 CUKIERAE. WAEN G
JEOL JMC-6000 37 5 H1 - i S i WL 1411 L
1.2.3 FFREZAGEONRNSARSH RH
I A A ) T AR 5 T A A 3K R e BT
LRAE M . S8 Bradford 2% T H725 # p0d 43
FEHEE VX B BT AN . SDS-ZR N M Ik
e B G L K T2 AR ) O 8 R 2 1 A G
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1.25 WFEHEHESH T EE LR AR
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(M) 26 5 IR 00T, il 28 S KGR BE R il
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#] Unigene, #KJ5{# FH RSEM T8 454 S 1 L R 3
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BN KL, 20 DA o e i Jok oAy o s 1) A0
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Fig. 1 Exo-celiac liver morphology photograph
of Glyptosternum maculatum
a. Exo-celiac liver; b. Skin; ¢. Muscle.
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Fig.2 Morphology of exo-celiac liver of
Glyptoster num maculatum
a. Liver; b. Band; c. Exo-celiac liver.
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a,c. EfF;b,d. @IFF. CV: ik, HC: FFANM; HS: FFANAEE; ILV: /NiffalEfik; ILA: /N al3hfik; N: 4.
Fig. 3 Histological structure of the liver and exo-celiac liver of Glyptosternum maculatum
a, ¢. Liver; b, d. Exo-celiac liver. CV: central vein; HC: hepatocyte; HS: hepatic cords; ILV: interlobular veins;
ILA: interlobular artery; N: nuclear.
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a-c. FMF; d-f. FIIF. G BEJE HC: FAIA; he: %475 LD: JEIH; M: ZOR0IK; mb: G,
N: ZiAEA%; RER: KL PSR ; SER: 1 4 5T
Fig. 4 Ultrastructure of the liver and exo-celiac liver of Glyptosternum maculatum
a—c. Liver; d—f. Exo-celiac liver. G: glycogen; HC: hepatocyte; he: nucleolus; LD: lipid droplet; M: mitochondria;
mb: lysosomes; N: nuclear; RER: rough endoplasmic reticulum; SER: smooth endoplasmic reticulum.
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Fig. 5 Mitochondria stain of hepatocytes in liver and
exo-celiac liver of Glyptosternum maculatum
a, ¢. Mitochondria stain of hepatocytesin in liver; b, d.
Mitochondria stain of hepatocytesin in exo-celiac liver.
Arrow shows mitochonclria strain of hepatocytes.
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Fig. 6 Electrophoretogram of mitochondriaprotein
in liver and exo-celiac liver of Glyptosternum maculatum
M: protein ladder; 1. Protein SDS-PAGE electrophoresis of
liver; 2. Protein SDS-PAGE electrophoresis of exo-celiac liver.
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Tab.1 Transcriptome sequencing of liver and exo-celiac liver in Glyptosternum maculatum

il AR/ MB 1L IRJE Hd/GB >Q30/% GC FH/% EROEIE N50
sample name total raw reads total clean bases GC content mapped reads
Z1 70.63 6.55 92.71 45.29 2581655 1594
z2 83.59 6.58 92.85 45.18 1794806 1763
Z3 82.65 6.50 92.19 45.28 2655425 1674
Fl1 93.22 6.59 92.73 44.85 2154646 1639
F2 88.46 6.60 92.18 45.24 1666353 1695
F3 91.12 6.69 92.80 45.01 2223181 1693

#: =Q30 3R/R Clean Data it AN /N T 30 BB FEFT (5 79 43 L.

Note: =Q30 denotes the percentage of bases with Clean Data mass not less than 30.

TEAR ] 1 #2 (metabolic process, GO: 0004419) ., 4
Jfi 3 72 (cell process, GO: 0003857) ., 4 fit(cell, GO:
0032968) . 4 iR (cell part, GO: 0008277)5 4
AL T (catalytic activity, GO: GO:0006680)H %% H
Wl m KB 7). 2RRIBENIHIT KEGG #
AT R 25 T FRGA RN AL E AR 68 SR Tl
Ho DL P<0.05 1R 25 5 308 5L R 7 1208 I il 2
LErbaiE, e 15 MHEBg R EEE OET
PR £ A1 18 % (butanoate metabolism) ., i ) E#A
(peroxisome) . 4 Z MR, ~& & R FI 5 52 2 IR [ it
(valine, leucine and isoleucine degradation) . i 2 id
[%f#% (lysine degradation) . {7 % ik fX.i4} (tryptophan
metabolism) A S {1} i& 72 (metabolic pathways)Z§

G5, o, S5%58 M5 (transport and
catabolism)FIE KA 7 4, (555 T 6 / (signal
transduction), 24 JEM2 1L (amino acid metabolism)
10 14, AEWifRi (lipid metabolism) 6 (/& 10, [#
11), #iik i) Paaf. Hmgel . Uspl. Jakl & 5LpH 2
SRRMACH . 2R A UL R AE R

BSR4y M4 SR B 7R, Hmgel . Rapgef3 ., Thxasl
Cask, Dnmll, Sumfl, Hdacl_2 %53 [N HA7 41
Tk 2z, (AERIFhRIEGEER 2), Hdr, &I
N Thxasl Al DnmLl K& A i A 26 15 i B B 35 1
#£53(P<0.05), 1fi Jakl, Ptk2b, GlIxk 255k K LLE
THFN A, Hi Ptkeb HA B EHEREER
(P<0.05).
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Fig. 7 DEGsnumber between liver and exo-celiac liver of

Glyptosternum maculatum

The x-axis represents the sample number of liver and exo-celiac
liver, y-axis represents the different gene expression.
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Fig. 9 Annotation categories of liver and exo-celiac liver DEGs in Glyptosternum maculatum mapped to GO database
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Fig. 10 Annotation categories of liver and exo-celiac liver DEGs in Glyptosternum maculatum mapped to KEGG database
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Fig. 11 Significantly enriched signaling pathway KEGG of DEGs between liver and
exo-celiac liver in Glyptosternum maculatum
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Tab.2 The mRNA expression of DEGsin liver and exo-celiac liver of Glyptosternum maculatum by transcriptomic analysis

[ gene JL[A 1D gene ID FHF liver FIHF exo-celiac liver
Hmgcl CL13316.Contigl_All 0.00-0.00° 1.17£0.51°
Rapgef3 CL2171.Contigl_All 0.00+0.00 0.35+0.19
Thxasl CL9566.Contigd_All 0.00+0.00" 2.45+1.25"
Cask CL147.Contigl_All 0.000.00 0.44+0.21
Dnmil CL7342.Contig2_All 0.000.00° 0.71%0.23°
Sumfl CL10094.Contig7_All 0.00+0.00 3.10+£2.83
Hdacl_2 CL6237.Contig5_ All 0.00+0.00 0.69+0.29
Jakl CL5657.Contig9_All 0.43+0.24 0.00+0.00
Ptk2b CL4736.Contig3_All 0.24+0.06" 0.00£0.00°
Glxk Unigene26224 All 0.65+0.16 0.00+0.00

e AT R B 1 3R 25 57 1. 35 (P<0.05).

Note: Different lowercase letters marked after the data in the same line indicate difference significance (P<0.05).

24 Real-time PCR WiE# R AN FHERER SEE- .
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RNA-seq Z5RAEA 8, RWWFLERTE, 5§ o

i RE PCR AGINZE REW], 5B, BN o I

Paaf JEH (19934 ik 58 TP Paaf B % o]
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£
x
S b
2
= N
s 0
= Sumf1 Hdacl_2
|
ﬁ
B
T Jakl
Ehhadh
_4 L
FH gene

12 RBESSE R ATIE 4 22 5 3Rk A Y
qRT-PCR 5 RNA-seq ik
Fig. 12 Comparation of differentially expressed genes

between liver and exo-celiac liver of Glyptosternum
maculatum by qRT-PCR and RNA-seq
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Fig. 13 Relative expression of DEGs between liver and
exo-celiac liver in Glyptosternum maculatum
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BT, sk A7 H AR iz #p T s
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guichenoti) ik, DA K 4T HER#E(C. carpio) Bz ik %5
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FAR R s AR o A R B, N RRERAR . N
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AR, 2R LA A & A2 55 538 %
g o, P K i 32 AR B R A 1 4 A
FEPRACUE B o S NG W A R i iR B-4E 4k
(1) B, K BE R D7 R 78 H U 20 B v i S A A
Sta, ALY SR A BERT DL A
RGN — 2L 4 ff, AT DLS AR A DL &
HAE AN LU AR 28 o I rh ™ A R 44 i)
J3E 5 £ 4 R0 TR A g s AR O T, 2 SR R
IR AT R, BB FEME Hmgel . Tbxasl, Dnmil
FEMFERIF P REARLRE, HEREBE. M
Jakl. Ptk2b. GIxk 553 ATE N RIEK, £
82V S S ) Y TR NI AW IS TR % D)
e RE S B A R 225 . Hmgel A5 R I DE R
PR A R AR OGP B R B L N 2 —, TEMLIR R AR
W AERFHLAR N RRES | Vs A R BRI SR O
i EA AU AR, BT 3 FRER
A A E 3L Hmgel . Acaa2. Bdhl &35
T (P<0.05), 1 2 Fofr i ¢4 o3 fifk a4 428 A O il 2k
Acaa2. Bdhl WIJG i 22 7, W] IR BE Rk
R P T 4 2 BB D e T R, TR Y 4 i g
115 E RS,

ST IS, Gba K] g ith 4 %5 4 i 11 B 7
(GCase), s&—F AL MEREY BT, TIZAF7E
T AR Y, 2 50 R IEOR]
T 1) 90 Bt 2R 2T BOR 4 WG IR BB IR

3 fifk B R 2 TR i R 4 A W, i SR 2 W G
FEAS TR TP AR UUR, M o | 20 29 41 il K 1
PO AR gE T, SABEE kTP Gba SN B
F 0 TR (P<0.05), L3240 it b oy J5 190 o
JESC Y BRI Hh Ak, SR I A R A
BUACIETRE J1 8 TR, BbAh, 3 HFA0 A P s 5
B 25 T w0 R 20 M P b DR R e, LR A
A A5 3T Gha 3k H (1% 2 1k i B g 56T Dnmill
2R ARSI A M G E 1 (DNMIL), A T4
LRR S, S 5MRET KRR, LR
A 9 W 2 2 R B A6 AP R ST WA, DNMIL 3
1 fE E A0 R A o S BRARRL AR L A R,
SER A A g, SRR G st PO,
AbtFErh, Dnmll AXTERH 3218, 3% 0 SR 5 I ok
T 200 6 14 2 A 3 4 2 R s oA 1 R 2420
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Study on metabolic regulation mechanism of liver and exo-celiac liver
in Glyptosternum maculatum

ZHANG Ying"?, MA Bo', LI Lei', YIN Jiasheng', LI Baohai’, ZHOU Jianshe’

1. Heilongjiang Fisheries Research Institute, Chinese Academy of Fishery Sciences, Harbin 150070, China;
2. Institute of Fishery Sciences, Tibet Academy of Agricultural and Animal Husbandry Sciences, Lhasa 850002, China

Abstract: The mechanisms of high-altitude adaption in Glyptosternum maculatum, an endemic fish from the Tibet
Plateau, further provides a foundation for investigation. In this paper, the mechanism of metabolic differences be-
tween the liver and exo-celiac liver of G. maculatum was studied by histological and biochemical methods and
Transcriptomics. The results showed that there were no significant differences in the structure, the number of
mitochondria, and the protein composition of mitochondria between the liver and exo-celiac liver. A total of
138,515 unigenes with an average length of 814 bp were obtained from the two tissues. Compared with the liver,
45 upregulated genes and 32 down-regulated genes were detected in the exo-celiac liver. Through GO analysis,
DEGs such as Hmgcl, Thxasl, Cask, Sumfl, Jakl, and GIxk, which are involved in amino acid and fatty acid me-
tabolism, were screened out. KEGG analysis showed different expression genes enriched in butanoate and tryp-
tophan metabolism, peroxisome, valine, leucine, lysine, and isoleucine degradation, and other metabolic pathways.
Four differential expression genes were selected for qRT-PCR detection. It was found that the results of qRT-PCR
were consistent with the sequencing results of the transcription group. In conclusion, there are differences between
amino acid, fatty acid, and energy metabolism between the liver and exo-celiac liver of G. maculatum. The mecha-
nisms may be related to the significant differential expression of Hmgcl, Ptk2b, Gba, and Dnm1l genes in the liver
and exo-celiac liver. In this study, we screened the key genes and signaling pathways that regulate liver metabo-
lism mechanisms in G. maculatum, which laid a theoretical foundation for revealing the different metabolic mech-
anisms between the liver and exo-celiac liver of G. maculatum.
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