IKFE 2R, 2023, 47(12): 129102

;j(jé‘%z‘ﬁ T

JOURNAL OF FISHERIES OF CHINA ‘

Science Press

DOI: 10.11964/jfc.20210512825

FEHRERRNZEETRZE. RE.
IR X E E ik A0 o 4

KGR, DiEML, WRT, MK, R &

(HERFASHIR RSN, AR =RASSSERPOVERESLRE, HiElT 810016)

RE: A RAFENRAESE R T IR WERREARMA, 0 FEMT O ABUENH
KA —RETFHFENRENE. FIEARHATEIANT, 7% FEHRER R
MY REERAG RZ. R# SEMXER. £REx, A Trinity 1 57 A A AT 35
9 (clean data) 3 17 M Sk 41 % J5 3£ 78 5| 541 420 /N5 7 4 19 /% 71 (unigene), NSO 4K
612 bp, %2R REA A, KA S22 AL 2T KD AR B
ki, Z2GO B EBEMN, EFF LA (binding). %0 i i 42 (cellular process). 1% ¥ it
F£ (metabolic process). . — 4 # if 2 (single-organism process) & DEGs & th# % . KEGG
BEAONMERKN, 5% R¥M. SEMANEAREITEE. REZFRAEEW
GO BMKEGG 5 TR ¥ E &4, SRWFHLZT HFENRESEMAALE, £E
4% 44 /48 3 32 ATP B (sodium/potassium-transporting, ATPase). 45/45 il & & 4R # M & & %
fig (calcium/calmodulin-dependent protein kinase). # % & 7& 1t & & 4 B (mitogen-activated
protein kinase). V& T 2 f& % & (solute carrier family) 4 ; # ZH X A FH T EZQF a@HN &
(interleukin). #M& (complement). # 4% (integrin) %5 ; R < EFH T EZH — A LA 4
(nitric oxide synthase). 1, 25-= # # % 4 & D(3) 24-% 1t B8 (1, 25-dihydroxyvitamin D(3) 24-
hydroxylase). 4 jifl 5, & P450 (cytochrome P450) 45, 7 52 0o b & ¥ AR 68 By 41 % #FF % 42
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7K pH 7%9.1~9.4, 26~32mmol/L, K 11.9~13.49
g/L, JetttFt bk e s i sk iz —, ,ﬂéﬂfﬁaﬂ’ﬂ
E RSB 1R Y S TR R RGN

WAL EE (Gymnocypris przewalskii) 16 FRIE | 36
i 0 %5, J®#IE H (Cypriniformes) # 5} ( Cyprin-
idae) #LERE (Gymnocypris), T LLTE &35 ) B4R

ks BEA: 2021-05-07  f&EIHHA: 2021-10-10

B X ERRES (31960741); HEAFHEIHE (2016-21-940Q)
F—E&: WEE @A), NEIWESZPI, E-mail: orange9605@163.com
i, MWHEAEWZES S TAEYEF I, E-mail: liangjianws@126.com

BiEEE: R

WAL AT © (R 524%) 4 (CC BY-NC-ND 4.0)
FRE K= 2% 4 E 7 sponsored by China Society of Fisheries

Prende, AT RS RGO R
TR T IR a2, RRARR 4—8 AN
ﬁ?%%ﬁ%,6ﬂ¢@LﬂEFWW% FW
I DA 98 180 90 7 3R K SCUR AR AT L S5 T 4 K
TG A8 BT R %&FWFR@W@@@@W
7 57 VA T80 R A 0 o R S T i A 5 82

Copyright © Editorial Office of Journal of Fisheries of China (CC BY-NC-ND 4.0)

https://www.china-fishery.cn



AR, %

K= 23R, 2023, 47(12): 129102

(R I, i (o] 38075 Vb a At b ST s 35 R B 119
Thin R A 5 A B PR R A2 1 .
EEENT Wi e S o - SN (SR g D 2 SRE B 7/ DO
KRR (9728 Al LB RERR o e R U Kk A
VB E IR, w27 K A A ) DNAS
THAHE S A A SCREG PR R R T 45
IR, EhEE OB A pH XK AE A MR K AR
W SRR DT R B S B P R AE Y B SRl
I PR S 508 5 2 e s A2 A sy ) TR, 7T
FH T e I G2 TS 6 56 AT 20 R R 14 ) 7 v )
DU BN 05 5 1l B Y S, T H R OG T 1
W BRI 8 B EE 0 52 % S 21 2 D7 T TS84T 4K L
b o ARBETEH, X I BRI K
R ( — € ) MK T S A AT A
SRELINFY, FHaad B A 0 2 A B 52
PP AR NEBE . s RN, [F
IR Sy T I A AR A TR B30 T Y R R kK P A
TR BE5E A o

1 MRS TTE

1.1 LM

S FH 7 1A ) A IO 75 0 I8 B HL A K
Z, MFE— (5—7 A) BikoK o b2,
T LR F A M R EE ELUR 5, 99.89° E,
37.24° N) LU B 75 U 380 5 05 JR 35907 11 (CER Bl A 1% 1oy
i, pH 958, fh N 6 , B JE 3.22 mmol/L,
100.42° E, 37.12° N) &b 43R 4E 3 J2 75 Vi 9 A i
(3~4 1%, &K 200~300 mm, A 100~150 g), 3k
PR O S B fa ST RIAR BT, R 4 3 HL i 21 20
FUE AR L, e TIRA TS/ ARG
TR A S0 S R A4S B R R At
SEE T AR AR DA TR L, JF R R
TR 2FACIZ D23 ) (R R 1 B AT o
1.2 RNA REUFIX EHIE

fdi FH TRIzol %2 JEULHA 4543 M 2 A~ RAFEHE
1) T TR T A8 8RB 20 280 5 Ok 2H 2 4 IR, RNA,
SR J5 Fl DNase I (TaKaRa, HZS) ZFR3EF 4] DNA,
18 33 {# F§ NanoPhotometer-NP80 (Implen, 7% [#) X
RNA {19 B FA B AT RN, 1% BRARHHEEE
VKT RNA 5888

B S 20 SCE A ) B SO I vl b v S T AR W B
R A BRA E S8 B ff ] Oligo(dT) H 4 Bk M
BURNA H0 5 ELA poly(A) B mRNA, #Ef74l

https://www.china-fishery.cn

1t , H fragmentation buffer ¥f H F B 1k (100~400
bp), FHAEFBANLS |9 B 5 5 — %% cDNA, R
Jo ol SN 28 vh . NTPs, DNA R 4 i 1 £
RNase H & il X 4% cDNA, f#i F§ AMPure XP beads
PR 4ifb X EE cDNA, B S X) 44k i XL cDNA
TR , A BIFEERIT S, K5
i FH AMPure XPbeads #E4T H Be R/ L, F)a
4T PCR Y14, FFffi 1l AMPure XP beads 4fi b
PCR 7= ¥ L3R5 S & i cDNA SCFE . Ml S )%
J& . T Qubit 2.0 HEATHI E 8, I SRR RE
% 1.5 ng/uL, 2R Agilent 2 100 £l SC 2 /Y
A R B KN (insert size), 3 i 52 B 9% O fE
PCR $£ K (qQRT-PCR) J7 2 i 22 1 SC P (1A 30k
JE (GO BOA FE> 2 nmol/L) VAR SCE i .
J& £F Tllumina HiSeq 2000 Il #F- 4, L) Paired-
end WA il 354 AR 58 U SR E I .
1.3 BUBEHHEMINEEER

P T D G 0 a2 Ay B Sk R A
R e B . N (N /R A0 E BRI B R
JF 8 K K B L AR 81, 0K FE S S 2k 4 BT Y
it o PR MAE 43 B 22 R 2 6 A5 1 R 4R 4
P AT BT AT, AT A 3] v T 1 T 4 A e
(clean data) DA{RIIEJ5 220 A 45 R HEwfaME, RS
B o 45 I 75 3B B9 A BB (clean reads) fiff ] Trin-
ity BN AT IS R AN A% . i Blast
X FJ7 ¥4 unigenes 575 KA & (NR. Swiss-Prot,
Pfam, COG. GO F1 KEGG % #f& /£ ) ¥k 17 kb %
(E<107), RAFTEAEIE ARG B, IFXHAE
B ) TE RS A T B
14 ERFTIEEE (DEGs) 71

ARLIGHYE FPKM (B TN E 5 Skl
J7 WSS E R e B DT SR Y s .
T "534 B DESeq2 A4 X raw counts JEAT
it 43 #1, LA P-adjust < 0.05 & [log,FC| =2 1K
i e 25 A1 LA ARAT LU 1) 22 5 3R A B I (differen-
tially expressed genes, DEGs), A T 4 il 4& (A4 Wt
SRR AR RER B, ] BH (Benjamini
hochberg) J7 1 % 48 1 K 5 K45 1Y P-value H£175r
1E, SRJE X REA ] 22 5 3R 38 FE X DEGs i#£17 GO
DI RETE B A KEGG 18 #% & 0 b o 20 il Tk
43 GO term A KEGG 38 ## H (1 5L [N HEA T 2
WAFBE . wpE . RGN . A Cyto-
scape B FHEAT 2% T AL o3 AT, S T H AT
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AEE DL KT AT B, G W] R A OGS
1.5 qRT-PCR #3#f

A 55 UE RNA-Seq 4, ffi | qRT-PCR 43 41
BEMLIE LR EA AR DR Y 22 5 5L N i H 3R 5k
RSt fdiH Primer premier 5 34 FIFEZ 5| 1) 1%
i1’ 3 (https://bioinfo.ut.ee/primer3-0.4.0/) Xt i i
ZESr RIKEEN BTG (& Do i1 TRIzol 15
(Invitrogen, 32 [E) M 75 I 15 7K 3R FIIR AK SR 35 1T 1)
TR AR B R U BRI RNA L 7R o

$EHUM) RNA (1 58 3 M Wk B J5 . fdi ] Prime
Script™ RT-PCR i 7] & (TaKaRa, H A%) [z %% 5%
4 ¢cDNA. VA p-actin N2, {di ] SYBR” Premix
Ex Tag™ 1I (TliRNase H Plus) ijf| & (TaKaRa, H
Z), 7E Roche LightCycler 480 (Roche, #i—+:) i
1T qRT-PCR Kl . [ Wi F2J¥ K 95 °C 30's, 95 °C
5's, 60 °C 30 s (40 NMEIR), HJa I 2722 gy
BT RA i, B CoE RS 34
AWy I IE,

&1 ZWATASIY

Tab.1 Primers used in the experiments

R 1D R 197 5(5'-3")
gene ID genes primer sequences

TRINITY_DN262851_c1_gl slc 41al F: TTCAAGCCAGTCGAATCTCC

R: CCTCTGAGCCAAAGAACGAG
TRINITY_DN270913_c1_gl nka-al F: CTTCAGGTACATTAGCGACA

R: CCTTCTTAATTCTCTCCGTGA
TRINITY_DN271314_c1_gl cpne F: TTTGCCTCTACTTGTGCGTTT

R: CCATTAGCCAGAATCAGTGGTC
TRINITY_DN233551_c1_g3 zgl6 F: TACTCATACTCCCCTGCTGT

R: CTCCTTTTCATTGCCATAAG
TRINITY_DN252580_c0_gl gimapl F: TACAACGAATGGTGTCTGAA

R: ATTTGTCCAAATGAGTCCTG
TRINITY_DN273767_c¢5_gl c3 F: CCTCATCATCTACCTGGACAAGATT

R: GATAAAACCTCACACACCGATTTTC
TRINITY_DN248282 c1_g3 noxal F: GAGTTGATCAAGCTGTGGGATG

R: GTGTCGAAGCAACCACAAACAT
TRINITY_DN231329_c1_g5 nkcr2b4 F: CTGTGTGCTCAACAATCCCATC

R: GTTTCTTGCAGATGCAGCACAT
TRINITY_DN231329_cl_g5 nos F: TGGATTCCATCTCCCAGAAGAC

R: CACCCAAATAGCAGTGTCATGG
TRINITY_DN252673_c0_g2 nf7 F: CTACGAAATGGCAACTCAGACG

R: GGCATACAGGGCATATCTGTGA
TRINITY_DN238088_c0_gl traf2 F: AAGAGACAAGATGCCATTGCTG

R: ACTCGTTCCTCTCATCACCACA
TRINITY_DN247441_c0_g2 nf223 F: ACTCTCCACTGCAACCACACAT

R: TGTCCCACAGTTGGCTATTGAC
TRINITY_DN244206_c0_gl mucl7 F: CTGAAAGACACCTTCGAGACCA

R: GTTGCAGGACACTTTGAGCACT
TRINITY_DN268488_c0_gl 510041 F: GCAATGGAAGGCCTGATTAAAG

R: TCCACAATCATGGGGTCTTTAC
TRINITY_DN263758_¢3_g2 cell cycle control protein 50B F: GAATCACAGAGGGGGATTATGC

R: GACCACACACAATGAGCCAACT
TRINITY_DN255498 c0_gl rasl10B F: ATATGTGGAGTGCTCTGCCAAG

R: TCACATTAGGACACAACGCTCTC
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2 4

2.1 MFHIEARERRE

AHIEFE 53 0 I T T 1 K SRR K SR 75 1]
) T TR BR RN | IR ZUR S RNA, R
T 12 ANHI Y cDNA SCHE, (R BFR T Tllu-
mina HiSeq 2000 755 38 & il 77 57 A Hof % S i 47
T o 5 KBRS 0 75 1 AR AT B
AU A G5 B L E, IRIK RS W PR
ik S E TS e R by O S = ST i

¥ (clean data) ¥JiK E] 6.74 Gb L)L I, Q30 A %
H O HAE 94.38% DL I (3% 2). i Trinity Xf i
FEA clean data 47T K ZH2E , K I X 4 2 45 0k
IR AL, SR EoR, AT 805 A (tran-
script) %0 K 880 998, LI H KM A N
unigene, HAECH 541 429, N50 (2254845319 uni-
gene F A FEHES], B NIk F] . unigene K B —
IS BRI Y unigene HYC ) SN 612 bp,,
Hrp K B 2 0~500 bp HY unigenes A5 404 000 14,
R, B unigenes 19 75% (& 1),

x2 MFHEESGITER
Tab. 2 Statistics table of sequencing data
) MR W EE
AR il FEAR RIGEERAS R bp  HRBARAS AR HHRE% KT20M KT308 GCEE/%
tissues groups samples  raw reads raw bases clean reads clean bases error TRIELLB/%  BRIELLHI/%  GC content
Q20 Q30
fiff Haergai river Bl 46246466 6936969900 45851920 6755774262  0.012 98.18 94.59 46.81
gill mouth (RM)
B2 56 196 968 8429 545200 55735764 8199457948  0.012 98.19 94.63 46.76
B3 55177584 8276637600 54620580 8036330087  0.012 98.09 94.38 46.55
fresh water Cl 50635508 7595326200 50157128 7382417171  0.012 98.10 94.39 46.62
(FW)
C2 58535590 8780338500 58005660 8541739490  0.012 98.16 94.57 45.96
C3 50745132 7611769800 50303796 7414218133  0.012 98.27 94.83 47.33
'BE  Haergai river El 58913564 8837034600 58348016 8582581913  0.012 98.09 94.39 45.78
kidney mouth (RM)
E2 51715248 7757287200 51245502 7546342050 0.012 98.14 94.50 47.00
E3 54532114 8179817100 54079146 7967514297  0.012 98.17 94.59 46.36
fresh water F1 65148466 9772269900 64575450 9517076277  0.012 98.24 94.75 47.78
(FW)
F2 51889196 7783379400 51392018 7566092711  0.012 98.19 94.63 47.64
F3 49733560 7460034000 49343774 7326693514  0.011 98.71 96.00 47.18
22 RRETR
450 000
400 000 | B 2 1% 5 R 45 1) unigenes 5 6 K s

350 000
300 000
250 000
200 000
150 000
100 000

50 000 | H
oLl M
00

5 1500 2500 3500 4500
KB /bp
length
EiGHBIREE unigenes KE N7
Fig. 1 Unigene Sequence Length distribution of

unigenes HF/4
unigene number

&1

G. przewalskii

https://www.china-fishery.cn

(NR. Swiss-Prot, Pfam., COG. GO Fll KEGG %%
W) AT X, RIS TR AR ERERE R, Of
X AR A B R T BRI I T8 . HEAT 107 568
4™ unigenes 19 3| T ERE, THREENR 19.87%, Hrh
4 97 816 1~ unigenes FEREE] T NR &, HREERN
18.07%; 68 2261 unigenes i B¢ F| T Swiss-
Prot J&, HRERN 12.6%; 46 459 4~ unigenes 73 B¢
F| 7 Pfam FE, E R EH 8.58%; 16 894 uni-
genes VERBEE] T COG FE, HRBEEN 3.12%; 13 560
A~ unigenes {1 B 2 T GO JE, HERBEFE N 2.5%;
51 153 1 unigenes {EBF| T KEGG &, HRBEN
9.45% (1€l 2), PFHEIT15 11 unigene 5 NR & 5%

HPE K FE2:2: 3290 sponsored by China Society of Fisheries
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100 000

80 000

60 000

40 000

unigene £/
unigene number

20 000 +
S L
3 4 5
NGk €L
different databases
2 AEBIEEIRER
1. NR $¥ %, 2. Swiss-Prot $4% J%, 3. Pfam ¥ i, 4. COG i %2,
5. GO $#i# )%, 6. KEGG %4 7 .

Fig.2 Annotated results of different databases

1. annotated in NR, 2. annotated in Swiss-Prot, 3. annotated in Pfam, 4.
annotated in COG, 5. annotated in GO, 6. annotated in KEGG.

PE AT R LU, AR 81 T o b 461 e v L
P Fh 43 5 2] (Cyprinus carpio, 21.42%). RS
4240 (Sinocyclocheilus rhinocerous, 17.01%). %
IK 4 L6 A0 (S, anshuiensis, 14.32%). JE th 4> 2k &0
(S. grahami, 13.26%). " 4%k U8 (Rhinolophus
sinicus, 5.39%). B4 (Daniorerio, 4.71%) (1¥13).

23 ERFTIEEE

F FH DEseq 2 #KAF 434 2 A DX 38 10 7 V6 08 4
MRS B2 R RAA AN . ZR R, A
832 N IENTE 2 AN X AH 4 LRk, 3269 1>
FEPALAESE R (B vs. C) ik, HpEE LMK
DEGs £ 2 403 4>, T8 1698 4~; 4281 3
ILAEENE (Evs. Y ik, Hi Rk LM
DEGs 33 506 4>, T 1607 1~

17 216 (17.68%)
413 (0.42%)
466 (0.48%)
491 (0.50%)
501 (0.51%)
605 (0.62%) ——~I

783 (0.80%) f

1085 (1.11%)
1709 (1.75%)
4587 (4.71%)
5248 (5.39%)

12913 (13.26%)

20 868 (21.42%)

13 946 (14.32%)

24 ERREEER GO RS LD

AWrgEh, GO IR B A4 R R A
4101 (B vs. C) Fl1 5113 (E vs. F) P22 8K 53
SIERRT GOy 3 Kk, RiAY R, 40
MaH 5> F o FIiRE . Hd, Bvs. CHIE vs F Hi{E
F: 3| 45 & (binding) ) DEGs 3t it ix £, /39 H
226 4~ F 261 4~ o H Rl 4 il i 72 (cellular pro-
cess), 1 BEF]Z GO term ) DEGs 43 5l & 239 4~
2324 HEREFMUSHEFE (metabolic process) Y
DEGs 43518 226 ANF1 194 4>, TiiERE ] p—1: 4
7 # (single-organism process) Y DEGs 435 & 190
AF1 207 4 (F 4), B4, Bvs. CHlE vs. F 435
420, 13 > DEGs RS T % 24t 2 (immune

system process)GO term,
2.5 ERFEEEN KEGG @2

2 A X 22 7 R GA BE I HE KEGG AR 1Y 3
PR A F R S . B s, Crp ka4 3
307 S, Horb I A 000 PR R B T
JiE (pathways in cancer). PI3K-Akt {558 % (PI3K-
akt signaling pathway). ¥ %iE ' 9 25 1 Z 8 (pro-
teoglycans in cancer). %fi# BE (focal adhesion), #%
AR (ribosome). A T 40 g F 1L 95 95 7 1 B e
(human T-cell leukemia virus 1 infection). F % 7 J&%
(influenza A). BAK EL 5 HUG (amoebiasis) , J4E
] MicroRNAs (MicroRNAs in cancer)., 4ff il [ ¥
A4 i N 32 K A B /E H (cytokine-cytokine
receptor interaction)([%] 5-a). #ArFEN EHAER TH
4K (phagosome). ABC #iz #5 4 (ABC transport-
ers). IL-17 {55 % (IL-17 signaling pathway), #b

® i C carpio

© FEMELREL S rhinocerous

@ LKELHEE S anshuiensis

B A 2REE S, grahami

RAEGSKIE R sinicus

B D. rerio

WA Oncorhynchus mykiss

K¥ifh Larimichthys crocea

JeW B HEM Oreochromis niloticus

B AFEf Astyanax mexicanus

M Thelohanellus kitauei

et Rana catesbeiana

B Oryzias latipes

® JL R Ictalurus punctatus
At other

16 572 (17.01%)

3 NRIGEBR¥FHSH
Fig. 3 NR annotated species distribution of G. przewalskii

R E K7 2: 2 E /) sponsored by China Society of Fisheries

https://www.china-fishery.cn



KR, 4

IKFA 4R, 2023, 47(12): 129102

A F1%E 1fil 9% B% (complement and coagulation cas-
cades). I Ifil 41 ifd & (hematopoietic cell lineage).
A & BR AN i & B2 118} (arginine and proline metabol-
ism), 2 RICH (tryptophan metabolism), S 4
FH EEHECH (fructose and mannose metabolism) 45
5% . e MRS E Sl i (R 3).

Evs. F P4 5] 303 Sl %, BEEEN
i % 32 A FE PI3K-Akt {5 45 il % (PI3K-Akt sig-
naling pathway). J#JiE (pathways in cancer). ¥ JiE
Hh 2 Z 88 (proteoglycans in cancer). Rapl {55
1 % (Rapl signaling pathway) . ALzl H 40 i 22
[ P8 15 (regulation of actin cytoskeleton), Z%h#& Bt
(focal adhesion). J 4 1 () MicroRNAs (MicroR-
NAs in cancer), 7FWE{A (phagosome). MAPK {5
1 % (MAPK signaling pathway). %li%€ 5] (axon

) dRA I

organelle part
Er T AN
macromolecular complex
853

membrane part

I 3%

organelle

I3

membrane

) ORI

cell part

i

cell

AL TR

catalytic activity

a5t

binding

YA RS AR AR
cellular component organization or biogenesis
KAWL

developmental process
55

signaling

LU E YRR
multicellular organismal process
SN

response to stimulus

TEAL

localization

AW R

regulation of biological process
AW

biological regulation

R G /R
single-organism process
(v’ ipunis

metabolic process
AL AR

cellular process

GO DhRgsrak
GO term

guidance)([¥] 5-b). [FIFE, A ENEER TH
B W U (mineral absorption) . T ¥ /N BR R 4R
F £ (proximal tubule bicarbonate reclamation).
cAMP {5 53 [ (cAMP signaling pathway). [ 4l
M5 N B2 i F% (leukocyte transendothelial migration) .
AIMAS N EE 1M 2% B (complement and coagulation cas-
cades). & Ifil 4 i & (hematopoietic cell lineage).
¥ & R4 1Y (arginine biosynthesis). 727 FR A5 il A
H: W4 B (pantothenate and CoA biosynthesis) %5 5
Bk . RO E SaE g (R 4).
2.6 HRLBALEIE. RE. RIFHEXEREFIZ

MR 22 5 Rk HH 1Y GO EB M KEGG 5 %
e T, SRIG M Cytoscape B4, #E47 M
25 By AT A A B, 38 ek AR SR DA KT B

W L up
[~ down

0 20

https://www.china-fishery.cn
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number of genes
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(Bl 4 Fig.4)
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NIy
extracellular region
S 7% 5

organelle part

M TREN
macromolecular complex
ks

organelle

JiE 43

membrane part

g1}

cell

YA 5

cell part

i

membrane
LA R
multicellular organismal process
3cponi
developmental process
ERE

signaling

SN

response to stimulus

SE L

localization

PR

biological regulation
LR
regulation of biological process
illibug s

cellular process
R
single-organism process
LR

metabolic process
ARG

catalytic activity

@it

binding

GO Thigmak
GO term

M i down
L3 up

0 20 40 60 80 100 120 140 160 180 200

R HUA

number of genes

(b)

B4 EZERFREEER GO DEEEESLEE
(a) Bs. C; (b) E vs. F LR RN GO W) =45y 28, ALK KRB & 7E1% 415 28 (¥ unigene/transcript (N4 H , A =FEit i 5]

T RIFRIR GO 13 Ko BIAYIERE. M5 F5FI6E).

Fig. 4 Cassification of differentially expressed genes in three GO categories in G. przewalskii

The ordinate on the left represents the secondary classification of GO, the abscissa represents the number of unigene/transcript included in the secondary

classification, and the three colors on the right represent the three major branches of GO (ie BP, CC, MF) from top to bottom.

I, FRATTOH L B 0 T TR AR 05 A G Y
W) 3 2 22 24 5305 A6 3R 1 R (mitogen-activ-
ated protein kinase) . 5 /85 & & 4K 81 PE B 1 3K
(calcium/calmodulin-dependent protein kinase), B}
Z VR H1 {3 BH % ¥~ 18 1B (transient receptor potential
cation channel subfamily)., &4 £F 4 {5 (cystic
fibrosis transmembrane), %4 il i & [ (chloride
channel protein) 45 . Y5 AH 5C 5 PN 32 2240 5 4 MA
(complement), % & % (integrin), H 40 Jfd /i &

(interleukin) . ki i} B (granzyme B) %5, Ui #H
Ky B E A £ 1S (aldehyde dehydro-
genase). 1, 25- 44 K D(3)24- 1L (1,25-
dihydroxyvitamin D(3) 24-hydroxylase) . 3-fH& LI

R E K7 2: 2 E /) sponsored by China Society of Fisheries

4 (inositol-3-phosphate synthase) . 4Hfifl (% P450
(cytochrome P450) . SbE — BRI 4 i C (fructose-
bisphosphate aldolase C) 4§ (fff 5% 1),
27 BHEABIE. %R RIEEXEREFZ

i 175 21 A9 7 I 1) RR AR B E 20 1B B A G R
A0 45 75 T 28 AR 2 0% (solute carrier family) ., %£5/45
W K B B RS (calcium/calmodulin-
dependent protein kinase). #2 %4 Ji i fb & Pl
(mitogen-activated protein kinase) . Wi+ 52 {4 B, {37 FH
B F-18 iH (transient receptor potential cation channel
subfamily), % if # F (chloride channel protein) .
#l /40 iz ATP i (sodium/potassium-transporting
ATPase) %5, HPEH I FH A KA K (integ-

https://www.china-fishery.cn
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M R F S AR R T2 AR HAER] cytokine-cytokine receptor interaction | ° B
i K ELHU55  amoebiasis ° number
DNA &%  DNA replication | e ; 19
Rt 25 U leishmaniasis ° ° 2?
EMANIEAR  hematopoietic cell lineage .
AN . @ 388
JESEA DG EK  pathways in cancer | Y @ 112
microRNA 5¥#JE  microRNAs in cancer | °
HIF-1 {5 5@ HIF-1 signaling pathway ° HRK
RGPEAPEIRIE  systemic lupus erythematosus /%
SO R IR K Staphylococcus aureus infection | . FDR
PI3K-Akt 5 53l PI3K-Akt signaling pathway ° 1.0
FMAFIEE M, complement and coagulation cascades o gg
RAEMENEH (IBD)  inflammatory bowel disease (IBD) . 04
IL-17 {55 i@#E  1L-17 signaling pathway ° 0.2
ECM-ZAHEAEMH  ECM-receptor interaction | o 0
[AIFf A HE ) allograft rejection | .
filiZNH i small cell lung cancer - °
FRZE  measles | °
A influenza A | °
I B G2 P HUIR IR autoimmune thyroid disease D
0 0.05 0.10 0.15
BERT
rich factor
(a)
AR T S AR T A EAEA] PI3K-Akt signaling pathway | ° Bk
ECM-SZAHEAEH]  ECM-receptor interaction . number
H7JFRIL Mineral absorption | o 21
~ microRNA 5% microRNAs in cancer . o 44
HE BRI - protein digestion and absorption | B o 68
FEREHH I A ZBE  proteoglycans in cancer ° o 92
WLz EE A 400 449477 regulation of actin cytoskeleton | ° o 116
2N S 4R 2 AR EAE  cytokine-cytokine receptor interaction | o .
FI4MAEES P9 3L leukocyte transendothelial migration | o R R
FABE  focal adhesion | ° L2 /%
) IHY 43 bile secretion . FDR
B FEIEH 551 transcriptional misregulation in cancer | . 1.0
T /NE IR IR U R 1Y proximal tubule bicarbonate reclamation . 08
‘ ) Raplfi ‘5% Rapl signaling pathway | ° 0.6
BOHH AL EOIE (ARVC)  arrhythmogenic right ventricular cardiomyopathy (ARVC) t . 0.4
fili/NAfESE  small cell lung cancer | . 8 2
HEMANHLA  hematopoietic cell lineage
FEEAHJCIE R, pathways in cancer °
FlEfR  phagosome °
9 F " axon guidance °
0 0.05 0.10 0.15
BT
rich factor
(b)

B 5 EZERFIEEER KEGG EEDHT

Fig. 5 KEGG classification of putative functions of differentially expressed genes

(@) Bvs.C; (b)Evs. F.

rin), P RFEFEHA VLIG E A K i (inter-
feron-induced very large GTPase). i ki[i§ B (gran-
zyme B). FAIfi/~ & (interleukin), #MA (comple-
ment), X AH G 3 K ) 40 45 — S AL J A B (nitric
oxide synthase). 1, 25- ¥ 344 &K D(3)24-% 1k
fiff (1,25-dihydroxyvitamin D(3) 24-hydroxylase). 6-
Tl TR SR - 2- Y T R A -2, 6- XU R I8 3 (6-phospho-
fructo-2-kinase/fructose-2,6-bisphosphatase 3). 4f fif
{6, 2% P450 (cytochrome P450) ., i 2 45 B 14 i iR FR
P B (phosphoenolpyruvate carboxykinase). B2 H
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IR ZZ {57 i (phosphoglycerate mutase) 55 (Fff % 2).
2.8 qRT-PCR &R

B E A SR 2 e R A SR R T REPE . O B
IR 2 A~ DI S 56 2R S B 4t R b AL P 16 4>
FEKHEAT qRT-PCR, Kol 22 55 3R B (1) R 16
B, JPREREE IR G SR IN P 25 A T LA (12 6).
GERFRB], Pk ny B N SRk i SR SR A Y
SE A, TR IE T 5 S 40 3 25 SR Y T
HEME
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®3 BUALISE. k. RIFEXESER

Tab.3 Osmotic, immune, metabolism related pathway in gill

S JEEKID K A4 TR HFHH PfH
groups  term ID term name number of genes P-value
Bt map04145  FWER  phagosome 61 1.523x10°
osmotie map00190 4 fLBEERML  oxidative phosphorylation 4 8.613x107°
map02010  ABCHI&#E[H  ABC transporters 3 5.961x107°
map05012  THE#R  Parkinson disease 3 1.933x107
map05010  Fi[JRIKIFER  Alzheimer disease 3 4.925x10
map05340  JREMEGIEEFE  primary immunodeficiency 2 1.307x107
map04966 BERMUW  collecting duct acid secretion 2 2.026x107
Gk map05322  RFEMAFIRIE  systemic lupus erythematosus 34 1.203x10°°
e map04657  IL-17 {5518 IL-17 signaling pathway 34 3.765%107°
map04610  #MAFIEEIMZZIEL  complement and coagulation cascades 31 3.289x107°
map04640 EIMAIMIA hematopoietic cell lineage 28 3.555%10°°
map05323  FXIEIKTT4  rheumatoid arthritis 28 2.971x107
map04664  Fc ¢ RI {55  Fc epsilon RI signaling pathway 23 1.273x10°”
map05321  #GEMEHR  inflammatory bowel disease (IBD) 21 3.439x107°
map05330  [AF AR EHF  allograft rejection 19 5.332x10°
map05320  H G A FUREE  autoimmune thyroid disease 19 4.643x10°
map05340  JRRTEGREBRG  primary immunodeficiency 13 1.201x10°
map04672  IgAF*ARINIE S E M4 intestinal immune network for IgA production 13 4.342x107°
map05310  “<Mii  asthma 12 6.106x10™*
map04623  fIFiDNAKRIEEE  cytosolic DNA-sensing pathway 10 3.326x107
At map04931 i EHiHE  insulin resistance 35 7.469x107
metabolism
map04933 B SR H KR AGE-RAGES 5@  AGE-RAGE signaling pathway in diabetic complications 33 9.311x10™*
map00330  FEEBRFHEER{CH  arginine and proline metabolism 22 7.590%107
map00380 LRI  tryptophan metabolism 18 4.866x10
map00051  FHERIH ZERER B fructose and mannose metabolism 18 1.018x107
map00590  feAEVUMERRICIS  arachidonic acid metabolism 16 7.644x107
map00140 R R EY AL steroid hormone biosynthesis 15 7.101x10™*
map00830 ML FAEACEH  retinol metabolism 13 2.677x107
map00100 AW E R steroid biosynthesis 10 6.331x107°
map00533  HERZRHEAD & N-TRER M iR glycosaminoglycan biosynthesis - keratan sulfate 8 1.584x107
map00524  HBR. FHBEMKAKERLEY SN  neomycin, kanamycin and gentamicin biosynthesis 5 3.202x107
3 e B A i vl FEAE MY, B KRB EE

FRARNBFREE RN, BB R R S E 3 S0 Na-K-ATP i, fa2k
R, [ f il 0 A o e D e Y 7 DL K g
R FE

55 A1 5K B85 R4 ik 1) 5 1 T BN R 77K

735 (5 B . UEAN L2 25 4 0 1) R A
AR b B 5 AR O, g o B BRI SR W AR B T
s { SR RS LU R NS B EORAE R b R aUh e R R S,

At T B ZH 2 1
10 WA A AN K 55 R I Na™, CI LA SR % 3% 7

i o TR B IR T 2800 AT LG B I 8 N
et 2R EE AP, PEA R HOCAE T, 38 7K R

[ K 722 2: 32 /5 sponsored by China Society of Fisheries
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*4 BHZSE. R&. RHEEXESER
Tab.4 Osmotic, immune, metabolism related pathway in kidney
e JEEID AR ERHH P
group term_ID term name gene numbers P-value
Bk map04145  #WEE  phagosome 61 1.523x107
osmotic map04974 BEAFMIL  protein digestion and absorption 7 1.114x107
map04978 WYL mineral absorption 6 5.121x10°*
map04976 H4r  bile secretion 6 9.813x1077
map04260 DYSE4E  cardiac muscle contraction 6 1.132x10°°
map04964 J s/ NE IR EL AU proximal tubule bicarbonate reclamation 5 5.625%10°°
map04960 T [E FR A 5 (BN E U aldosterone-regulated sodium reabsorption 5 5.996x10°°
map04973 ARAA VIR IL  carbohydrate digestion and absorption 5 8.442x1077
map04961 PAY 3 A A PR 8 1 5 R 5 5.337x10°°
endocrine and other factor-regulated calcium reabsorption
map04971 B/  gastric acid secretion 5 2.733x107°
map04918 FURIRIZE A thyroid hormone synthesis 5 4.003x10°°
map04911 5 F 4>, insulin secretion 5 4.916x107°
map04972 BRAR W4 pancreatic secretion 5 7.292x107°
map04919 FORIR RS 588 thyroid hormone signaling pathway 5 7.686x10°
map04970 MEJR 733 salivary secretion 5 9.525x107°
map04261 ORI e IR BE(S S adrenergic signaling in cardiomyocytes 5 3.669x107*
map04022 c¢GMP-PKGf5 5l c¢GMP-PKG signaling pathway 5 4.776x107*
map04024 cAMP {55 1# % cAMP signaling pathway 5 1.138x10°°
map00190 FACTERR1L  oxidative phosphorylation 3 1.206x107°
map04977 AR ZIERIL  vitamin digestion and absorption 2 3.981x107°
map05323 ZKRIERTT 4 rheumatoid arthritis 2 3.759x107
map05120 A TR AT B R R 1) b R A S AR S 2 4.013x10°?
epithelial cell signaling in Helicobacter pylori infection
map05110 EFLINEKY,  Vibrio cholerae infection 2 4.865x10°
Gt map04670 H4UES N EE#  leukocyte transendothelial migration 51 6.209x10°°
e map04610 IMAFIEE M. complement and coagulation cascades 27 4.695%107°
map04640 HEIMANELZE  hematopoietic cell lineage 24 6.942x10™*
ARt map04933 B PRI 3 ZORE P T AGE-RAGESS 5l i 30 3.385%x107
metabolism AGE-RAGE signaling pathway in diabetic complications
map00220 AR arginine biosynthesis 13 4.633x107
map00770 Z IR FEHERAZEYI A K pantothenate and CoA biosynthesis 9 2.254x107
map00532  HEREITENE LW BB R KB 3R/ BRIR B IR 7 9.241x107

glycosaminoglycan biosynthesis-chondroitin sulfate/dermatan sulfate

FEMRBEARE , AEER I 52 i B b R R A

HE IR KIS PR B I, ek
UL RE ) TR 5 2 BRI P U A TR R

FE I R o B B B e e A G I S e s R
A A AR AR LA X6 1 5 R 555 1) 384

T8 L AL R A R I, T T AR A
it % it AR B 24, M KEGG ik E, Bk
VB LB S AH OC HY 38 B (pathway in cancer), XA
55 SR R, A0 PI3K-Akt {5 5 i #% (PI3K-
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Akt signaling pathway). it ) 5 & H £ B (pro-
teoglycans in cancer) FZE 055, BIRATNEE . &
92 AR X 3 AN J7 AR T Eh Bk it 52 3o i vh & 2B AR
FHEAH LA

3.1 FEREMFD

AW S TS g A m RN FERAR,
BT T ERUBK PRI AR K PRI T T i ) AR A
B E 2 A2 2 S D B 2 S TR IR S L o
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200

HHXS Ik HE
relative expression level
log,FoldChange

12345678910111213141516
72 LA
different genes
B 6 EZFTIAEFAH qRT-PCR 1 RNA-Seq 53R
LR B 41 R 1, 2. B/ 58 ATP i 1 2 o-1 2
B, 3. 45L& R, 4. B R BRI A 16 55, S
GTPase IMAP Z IR 7 7 H [, 6. #Mak C3 2, 7. NADPH % fk

BeAGE R 1 2, 8. BARRUIANNE 32 ik 2B4 2L [H, 9. —HAES
BEIEDN, 10, KT 7 FE, 11 TNF SZ24RMCH T 2 56, 12,38
fREEE 233 FEH, 13 B E-17 JER, 14.S100 & A-A1FEH, 15,
YA SRR ER A, 16. ras FEER A SRR 10B 2
Fig. 6 Detection of RNA-seq by qRT-PCR of differen-
tially expressed genes

1. solute carrier family 41 member 1, 2. sodium/potassium-transporting
ATPase subunit alpha-1, 3. copine-2, 4. zymogen granule membrane pro-
tein 16, 5. GTPase IMAP family member 7, 6. complement C3, 7.
NADPH oxidase activator 1, 8. natural killer cell receptor 2B4, 9. nitric
oxide synthase, 10. nuclear factor 7, 11. TNF receptor-associated factor
2, 12. RING finger protein 223, 13. mucin-17, 14. protein S100-Al, 15.

cell cycle control protein 50B, 16. ras-like protein family member 10B.

SRS R R, TR EERY 12 4> cDNA SO
b, & AE 5 clean data iK% 6.74 Gb UL |-, H
Q30 Bl 3L /1 43 LL 7E 94.38% LA I i A Trinity X
JRAMEA clean data 4T LA, JL7533) 541 429
/™ unigene, HHILAE 107568 4~ unigenes 15 3| T
TERE, HERHRN 19.87%, AU HE LA P45
TR, XA RER i T H AT JLR A 24kl
J2E v T S B 11 45 5 Ve T AR R 30T 19 4 e B PR 3
A5 B /DR . NR B0 e HE X R A 45 SR (.
7N, A 97 816 /) unigenes {F FEE] T NR [, HB
A 18.07%, H 5 (21.42%) 1Y [RIVE: b e
T, RO B A LR EE (17.01%) ., K 4 4R T
(14.32%) FIE M 4 26 60 (13.26%), X Al BESE AN
TR IO AL A 4 2R A S A 2K () Ay R 41 2K
S5 T 75 Vi T R 5 4 4 O iR £ 2 LA AR 1Y)
RGERFR,

BIE X EE BT IE R S5
T R S AR R, SO B A i

R E K7 2: 2 E /) sponsored by China Society of Fisheries
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R E S IG KR BB R s . BERHA R
PRI R, W RB] T &S E Y
arvE, FEAEE . HAE . TSN, fEEK
BN (F0 2R T B IR K [ v 7K sk U ) FINR KOS
N (£ A 15 IR B TR K R K ) b # v, £
0 A IR K s R HE R
1Bk, IR &, REARER bR AL BiHEd, A
IR FR IR I Na Fil C1UAE 5 2R A5 1848 117,
A B U 2H 2 v i e A5 3 A 18 37 AH DG R A
KL THIAZ, RKUIH B0 E 02083
B R HE T EEAE . V2 400 4 AR R B
#B 3 A A Na'-K'-ATP i (Na'-K'-ATPase, NKA),
OB e ia i AR vl S E e, B R
RN Na', CULAR AR 2 B R DIRE . Na™-K'-
ATPase A] LL3d i 7K fift 7= A= Be it F 17 Na'. K'Z [H]
MY AR, [RlI o h HA B PRz afitae, DOHoRYER:
RNBIE R E, I s atae a2,
CA REMFREY], 25 NKA MM R %
1) 725 Ak 25 Bl A AR A5 A RO R T A T el AR o FE X
VI B AR (0. mossambicus)?", HEE ., JE
WA EA R R R, T EBHET
) NKA W& PR, MRS BREE T 1 NKA #9376 H
M AR, AHIFFE i T 75 1) NKA #9235 R A
FFEix —RUHE, B IIEH 0% 8 Y ) NKA H 3R A 5 [R]
FE R BRI E PRI 2 TIRAKIAEE . WA 9 R A
BRZH AP e T NKA, XA REJ2 H T #hsiia T
T I AR G 5B 7 00T [ DA T 7568 2H 21 NKA
Tk g RIS, P HE 2 NKA 78
B R VE A A E], 52— 2D oR
AHFFERI, N A5 cAMP ¥R ¥ ] 5
ERBE R TH =N, AE VO A0 MR C1 3 A Y
[Fi) i 38 RE TG NKA, AP Na®, AT 52 B
TRA S TR A . FRATTHE 2 A XS
HYUrh & IR DEGs & 8] T cAMP {553 i
HZEFRE, PR IEBRRELE It i 08 cAMP
KPR N BB, A, Péqueux P Y
FOEMESIRE A S 58 Fikis, S CLEE I
X Na W= A 52 m o FATTHAE 2 A X Iy
B 2H 2R rp 28y 2 1) 1A A A R 2 T IR R LA Y
5 5 ] B AR P AR 1 R ) 2 Rk

3.3 GEHEXERMTFER S

R RE I R M K A A ) A i i Bl A A
RINRZ—, TSR MR NIREE S 5 AR S 1Y [H]
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BF 34 £ Bifi 2 00 AR S e Dy g 1y A8 AR, B IEA LR
AW RS FE W T RER R B A
PEAYE , TEERBHIN 37 of F rh A 4525 B Ay e By
TVER . BEAEKAEE P ER BB 3, (R BT
RETT TR, B 32 B KR A U B i =
A, TE R b B ) B e A G R ) 7 B
23 R A AR B AR AR DL X AT A I

T A R e Sk . 5
HNRFRIT IR B IR S G 1 K SO R A,
A5 A 195 A L v (18 7 T I R IR A R A A £ 2 A
oA 212 B, s H At £ 5 0 1 A i 1) 3k
of PR A2, H s B G R & 5 80 i
RRERRY G PERE ) TR . ARG R BN, R
PR N4 2 . #MA . peskiER . T
MRIEFEA . PR BEMEEERLRIE,
R 5 T T AR A3 ) 3 TR A 2 B PR DA sk 2 h Bl A B
i SENIRS = GUIAT O 8 AN N1 5 ot B 5 |
HWE TR X I ET TS S R AT,
3 3o ) T T A A A e R B R TR 4
I cDNA SCHE, TR ST EOESE T 3 ik 2
5, HABR G IEELILETIH, Tong &
T % T Vg 97 R A U R 0 2 2R AR R A T e Sk 2
MPPIa, ST K A AR 2 X (4 Toll-
like FEAZAR . T HLZ I B 1 40 B A 28 DL S
FARIEIH 1) [FIAE, FRATTULTE S e A G EE A rh i
PEARS T H A R s R RGs, Hiflhfe s
FHOCHE R TEA W 5T th i e 3K A% . (BAEABFIEH,
AT L 3 B G R A L I e | B 4 2
il g e Ak, RVIBR A KA, %
PRI, 2 7 T T R B 4 92 907 080 AR 4 v 1 2 A
Fo BeAh, AR KB, FHIEEWIKE G
I SRR RH DG EE R T I AT BE 2 BT T K R
T T AR BT TS () T2 E R R IRk D, Al
15 HAPE N I RE 1 BGRIK T

FMAAE S — A AE T8 HEZh P 1035 R 2 2O
TR IS A BT, AT ZEATLAR B0 B A A= Y B
3 o A I R A I T A R A e B 8 g 2 RN 4%
RE SN o O A XTI FLE A sE R W], RMAFIEE
MRS B T RAE 0 LR ALE >, ApFseh, 6
2 2R I v S 2 A B RMA FINEE Il 2K (com-
plement and coagulation cascades) i 5 i ¥
DEGs 1, 3= % & #h & (complement) Fl #h 14 1 43
(complement component), "B I 2 21k hMA FE A )
IR EIR R W] AR G B A 5 S5 )
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REJTTH, AMAKIE T HorEZMIEN, X5 Enci-
nas 5500 7E X BEE fa R [A 41 21 8% B 4T VHSV i
B G R AMA LR KA RS R —8., C3
VB R R MA 22 G0 005 38 % ) P TR A 2L, AT 3 e
A S AMA I %R AR T R SR T RE 3 A
JHMErh ik, HAMR R M C3 RikBEAHR
225, T s AR C3 RikE i, AN
AU 3k M B AR, 78 XT 5 6F (Paralichthys oli-
vaceus) P47 88 5N A B F IS IO MG 4% S A i o vh
ARG 2] C3 AR JBNE KGR, FE X H AT R
(Macrobrachium nipponense) 17 & & W38 5 19 %
SR ST A A I TR AR . SRR EZE 2 €3 KR
{14 2 3K 5 AF T UL PR R I Y 4 2 3Rk f v Y, AR
WAL AE SEZH A rh i 1 AR AS C3 BEPH i 35 KK
BeAb, 8 ZH 21 rb b AR R A T 9 A 3R B AR [ 2 41
TE A A 7700 R [ 05 D5 A4 T T A R B AN (] )
NAILE] o IF HARBFFE 2 A DX 7 T 39 AR i 2
2 3 AR AT 1Y S R A G P Bl 2 T E
i I 7 R A8 T A7 2o R ) e 22 7 A R D T
SR ZH ) G B2 T RE ) T RE AR o

3.4 RGHEXEERGGER S

HIFRIK IR B AR A 2 S BB S RE R AY R
EIHAE, AFB SRS T BB NS % Tk
il MR [ B AR PR AR A LA 192 0 TR
A, AR A B RO FE SR AERF H B IE
AR AT B ARWETE R, T AR AR IR
KA ENR A AR S R A T —E R, SRR
FOnT BE VAN [ A QI SR LI R PR3 rh 6 B3
3 I o

Su FEPTTEXS 3 FfbIE T 4852 B A £ ) i S
BT R, EhEPa T R Y 1N
AW E ARG, R REAS IR 5 Hh i 8 75 2 )
PR SR Sl e 2 25 A A R R AR 5
T EAE P E R BRI SCE B . Jiang 5557 BF5E
WUESE T 2 RACHAE B R 1Y PR H AR
R — R A PUA N BA T2 A (A
PEINRER P AN TERR , TR HAE S P PR — 4R
LSRG B ME— R, l e — S R A R R
AN — AR, Az — A R I n] LA
TOHLPR N 7= B 0 A AR RS 2 R Ve T
HEAL R ADP MIBERRRS 2R, A0 fe (e
SR, [V A SRS 28 R AR S — SR AR A R i
oAl — AR ME— SR, 455 AR —
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TR BT HARE O K A I BE . Ao b, i
A 7K 352 N R 7K 2 A 2 2 A I R e R 1 Rt
AR A R LR O — S LA A
L, AR 2 A4 DX A 5 2H 20 Hp i 5 D9 ) B 2
PRI, ULIATEAR R AL — S AL R A O AT R
JE AR IR T NS SRR Ae A R
20 it {5, % P450 (cytochromeP450, CYP450) 1] £ 5
A PTG YRS T AN RIEE . A 2 S R A AR
Her: 2R DAY A H T BE 32 2E s R U 1, 25-
(OH)D; RSB, il (6 3% P4SO ¥ 5 4B R
D; A B AIEYEEE D3 ik h 2,5-(OH)D;,
i B B 5 AR LR TE R Y 1, 25-(OH)D;. T
B S 06 Y 1,25- 3k 4k A R D(3) 24-F2 AL T
PATE 2,5-(OH)D; 5% 1, 25-(OH)D; ¥ B 1 w25 i 3 ot
HZAHEAERRI S HRE, IR NG E R
D 25 5 1 B0 25 - 457 1 [ B 22 422 3055 AL A 5 e £ Qi
DL e e P 1 DI REN s FRATTHEAS [) DX I il
B 2R A TR B T 1,25- A &K D(3)
24-FR AL BE A A0 (0 % PASO KL Y BB Rk,
AH 5 it 27 2 R rp 7 I 1) AR A T S Ao A0 A e R
P450 Fil 1,25-— 2 34k 4E 2 D(3) 24-F2 LG 1
SRR E AR RSB QI R

(3 7 WA A SUTC 52 B s A2 i Al 22 o )
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Screening and analysis of the osmotic, immune, metabolic related genes of
Gymnocypris przewalskii in saline-alkali tolerance

ZHANG Haichen, MA Qinghua, XU Baoke, A Linlin, LIANG Jian !

(State Key Laboratory of Plateau Ecology and Agriculture, College of Eco-Environmental Engineering,
Qinghai University, Xining 810016, China)

Abstract: Gymnocypris przewalskii is an important indigenous economic fish in Qinghai Lake, which plays a key
role in the whole Qinghai Lake ecosystem and shows a strong saline-alkali tolerance and adaptability compared
with other fishes. In order to explore the important functional genes of G. przewalskii during the process of saline-
alkali tolerance, Illumina Hiseq technology was used to define the transcriptome of gill and kidney tissues of G.
przewalskii in two areas (Qinghai Lake and the Quanji River). All kinds of clean data reached more than 6.74 Gb,
and the percentage of q30 base was more than 94.38%. After quality control and assembly, a total of 541 429 uni-
genes were obtained, the average length of N50 was 612 bp. The sequences acquired were blasted against NR,
Swiss-Prot, pfam, COG, GO and KEGG databases, finally, 107 568 unigenes could be annotated. Differential
expression analysis showed that a total of 832 genes were co-expressed in the gills and kidneys in two regions.
Gene ontology analysis indicated that differentially expressed genes (DEGs) annotated to binding, cellular process,
metabolic process, and single-organism process accounted for a large proportion. Based on KEGG pathway ana-
lysis, the pathways related to immunity, metabolism and penetration were enriched. According to the GO annota-
tion of DEGs and the enrichment analysis of KEGG signaling pathway, we initially screened 35, 34, and 25 genes
related to osmotic, immunity, and metabolism of G. przewalskii, respectively. The osmotic related genes included
calcium/calmodulin-dependent protein kinase, sodium/potassium transporting ATPase, and mitogen-activated pro-
tein kinase, solute carrier family, etc, immune related genes mainly included interleukin, complement, integrin,
granzyme B, etc; nitric oxide synthase, 1,25-dihydroxyvitamin D (3) 24-hydroxylase,cytochrome P450 and elonga-
tion factor were related to metabolism of G. przewalskii. Sixteen differentially DEGs were randomly selected for
quantitative real-time PCR (qQRT-PCR), and the results were consistent with the RNA-seq. The result of this study
enriches the basic data of G. przewalskii’s omics research, and also provides a reference for further study of G.
przewalskii in saline-alkali tolerance.

Key words: Gymnocypris przewalskii; transcriptome sequencing; saline-alkali tolerance; differentially expressed
genes
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MiF1 ERLRLREIE. %, REHEXER
Tab. S1 Osmotic, immune, metabolism related genes in gill
415 ZFID BTS2 7S Log,FC i/ A PiE TR
groups gene ID gene name (B/C) up/down P—value key gene
BiE TRINITY DN234107 c2 g2  45/451RE AR #I: & A 4 5.886 i 5.183x107"
osmotic calcium/calmodulin-dependent protein kinase
type 1D-like isoform X2
TRINITY_DN263264 ¢2 gl #5/45R & A HH#It 5& 1 B 5.025 i 1.767x10°°
calcium/calmodulin-dependent protein kinase
type II delta 2 chain isoform X8
TRINITY_DN268160_c0_ gl Hfif 52 fA Hi Ao BH &5 il 4311 i 2.541x107 2
transient receptor potential cation channel
subfamily M member 2 isoform X1
TRINITY_DN273530_cl_g2  FEMEAF4E(LFERAL Sl R E 3.778 i 1.420x10™"
cystic fibrosis transmembrane
conductance regulator-like
TRINITY_DN251604_c3_gl  JFhtHER 3.696 S| 1.169x107"
hepatic lectin-like
TRINITY DN268295 c0 gl  HRMEizEH 2.970 i 4911x10™ 2
monocarboxylate transporter 4-like
TRINITY_DN274045 ¢3 g2  SHRELGEA -3.089 T 8.872x1077
guanylate-binding protein 1-like
TRINITY DN249765 c0 gl b R&GEIEEA -4.205 T 2.282x107 2
epithelial chloride channel protein-like
TRINITY _DN266493 c0 gl  —ZALE A -5.403 T 2.204x107%
nitric oxide synthase,inducible-like
ar TRINITY DN250304 c4 gl #MERS 3.867 i 1.589x10™" 2
immune complement component C7-1
TRINITY DN268733 c2 gl  HAK 3.058 i 6.862x107"
integrin alpha-6-like
TRINITY DN271867 c3 g2 HAER 2.509 i 7.251x10°"
integrin alpha-2
TRINITY DN240143 cl gl  B4&% 2.481 et | 2.614x107
integrin alpha-2-like
TRINITY DN243848 c0 gl  C-X-C #:Fp#atbH 1 -2.501 T 7.025x107°
C-X-C motif chemokine 11-like
TRINITY_DN228329 ¢3 gl  C-X-C &JFabEr -2.528 T 6.768%10°
C-X-C motif chemokine 11-like
TRINITY DN246514 c0 g2  4ERREH -2.566 T 4363x10"
immunoglobulin mu heavy chain,partial
TRINITY _DN231007 c0 gl  HAMMN % -2.905 T 1.157x10°°
interleukin-17C-like
TRINITY_DN263956_c0_gl  MARF -3.082 T 5.502x1077 &
complement factor I-like
TRINITY _DN272187 ¢3 g2 #MAC3 -3.261 T 4.728%10°* =
complement C3-like
TRINITY DN210117 c0 gl  4EEREA -3.370 i 4202x107°
immunoglobulin mu heavy chain
TRINITY DN233988 c0 gl  #MAC3 -3.581 T 2.815%x10"
complement C3-like
TRINITY DN240066 c0 gl #MAKKF -3.588 TR 2.627x10°°
complement factor H-like
TRINITY _DN273767 ¢5 gl #MAC3 -3.597 T 8.405x10°"
complement C3-like
TRINITY DN233988 c0 g2  #MAC3 -3.994 T 9.991x107"
complement C3-like
TRINITY DN262524 c3 gl #MAC3 —4.880 T 5.032x107™ 2
complement C2-like
TRINITY DN211177 ¢0 g2  THERIFEFEA -5.055 T 1.509%107°
interferon-induced very large GTPase 1-like
TRINITY DN233295 c0 gl  HAMMN % -5.356 T 3.379x10°*
interleukin 4/13B precursor
TRINITY DN226005 c0 gl  H4HN% —5.548 T 2.323x10™
interleukin-17F-like
TRINITY _DN219207 c0 g2  4EFRREA -8.029 T 1.406x10”°

immunoglobulin Z heavy chain,partial
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TR, &5 K= 23R, 2023, 47(12): 129102
- BEpfER A -
4153 H:HID H R AR Log,FC i/ T PlE Fe T RAEHE A
groups gene_ID gene name (B/C)  up/down P—value key gene
Rt TRINITY DN270314 cl g3  L-R&& BRI A N 6.743 S| 5.495x10°°
metabolism putative L-aspartate dehydrogenase
TRINITY DN212228 c0 gl ABRO-EF L4 fo 1 6.100 A 4.268x10*
carnitine O-palmitoyltransferase 1,liver isoform
TRINITY_DN210099 c0 gl  ZEZRi SR 4.678 A 1.278x10™*
aldehyde dehydrogenase,mitochondrial-like
TRINITY DN257465 cl g2 1,25- - $ 4L KD(3)24-F2 1L 4.291 i 9.662x107° &
1,25-dihydroxyvitamin D(3) 24-hydroxylase
TRINITY DN236440 c0 gl KT 4.165 1A 1.093x107*
elongation factor 1-alpha-like
TRINITY DN274365 c¢5 g4  #futaEP450 2.948 A 9.145x10”° =
cytochrome P450 3A30-like
TRINITY DN264476 cl g2  y-Sa B ik 2915 A 3.128%10°°
gamma-glutamyltranspeptidase 1-like
TRINITY DN198767 c0 gl  #Hiffi {4 2P450 2.867 FE o 3.734x107
cytochrome P450 1A ,partial
TRINITY DN265467 c0 g2 jun ~EALEA —3.459 T 8.458x107"
jun dimerization protein 2
TRINITY DN255224 cl g2 Fi&EEAR -4.577 T 6.105x10™*
matrix metalloproteinase-24 isoform X1
TRINITY DN266493 c0 gl  —%HALE A —5.403 T 2.204x107
nitric oxide synthase,inducible-like
TRINITY DN269507 c5 gl 4 TUIESERS- i Wi AL —-6.297 T 3.657x107
arachidonate 5-lipoxygenase-like
Mizk2 BLELBIE. RE. REEXER
Tab.S2 Osmotic, immune, metabolism related genes in kidney
415 JEHID SRR Log,FC LI/ Fill P REXEKEH
groups gene ID gene name (E/F)  up/down P—value key gene
%% TRINITY_DN256141_c2_g3 FLZBIPEELAN 7 5120 R 3.362x107
osmotic eukaryotic translation initiation factor 4E-1B isoform X1
TRINITY_DN263316_c0_g3 & FiEHAREKIE 41 5109 L 6.639x10° 2
solute carrier family 41 member 1-like
TRINITY_DN262851_cl_gl &M KK 41 4884 Ll 2.494x10™" Z
solute carrier family 41 member 1-like
TRINITY DN251604 c3 gl JIFhtER 3451 LRy 3.336x10°°
hepatic lectin-like
TRINITY_DN264233 c0_gl WA 524k B ALiEIE 6 3131 b3 1.385x107"°
short transient receptor potential channel 6
TRINITY_DN255214_¢c0_gl 45/45 1 25 {46 P 25 1 e 3122 B 1.608x107°
calcium/calmodulin-dependent protein kinase type 1G-like
TRINITY_DN262021_c0_gl I B A% W i 75 i 2864 LI 1.503x107
nicotinamide phosphoribosyltransferase-like
TRINITY DN268295 c0 gl HBREFiZHEA 2819 B 1.047x107 2
monocarboxylate transporter 4-like
TRINITY DN257280 c0 gl R MASKIE 45 2752 R 2.169x107°
solute carrier family 45 member 3-like
TRINITY_DN259098 ¢3 gl VAJR#HMAKIE 26 2710 Ei 547110
solute carrier family 26 member 6-like
TRINITY DN251941 c0 g2 i 324K HALIEIE 6 2645  Ei 1.505x10°°
short transient receptor potential channel 6-like
TRINITY DN254138 c6 g2 22Z4JRIEAL R F i 2621 kil 5.672x10™
mitogen-activated protein kinase 14A-like isoform X1
TRINITY _DN273217 ¢0 g2 S & THEFEH 2600 ki 7.029x107
chloride channel protein 2-like
TRINITY _DN261411 cl gl  BEERH b ER A7 Bl 2544 R 2.051x10™" =
phosphoglycerate mutase 1,partial
TRINITY DN266504 cl gl 222453540 R (s 2506 B 1.132x107"°

mitogen-activated protein kinase 15 isoform X1
[Sinocyclocheilus grahami])
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TR, &5 K= 23R, 2023, 47(12): 129102
C R 2 -
45 JEFAID SRR LogFC FW/Fil P RHXHER
groups gene 1D gene name (E/F) up/down  P-value key gene
TRINITY_DN188632_c0_gl #h/411 4412 ATPH —2.563 NI 2.535x107" P
sodium/potassium-transporting ATPase subunit
alpha-1-like isoform X1
TRINITY_DN274045 ¢3 g2 SRS EA -2.631  F#  4.187x107
guanylate-binding protein 1-like
TRINITY DN247831 cl gl Rk —2.830 T 4.402x10"
carboxypeptidase Al-like
TRINITY_DN220158 ¢c0 gl 4h/4i1%i2 ATPHf 3301 R 2.342x107 P
sodium/potassium-transporting ATPase subunit alpha-1-
like
TRINITY DN256680 c5 g3 it Jii ik i i -3.353 R 2.798x10°°
cytosolic phospholipase A2-like
TRINITY _DN270299 c4 g2 B-1'% LIRZAEZIA -3358 T 3.321x10™"
beta-1 adrenergic receptor-like
TRINITY_DN241957 c0_g3 #N/81%: 12 ATPRE -3379 T 8.980x107 =
sodium/potassium-transporting ATPase subunit
alpha-1 isoform X3
TRINITY _DN270913 cl_gl 4N/4%% iz ATPHEY -3.447 T 3.348x107
sodium/potassium-transporting ATPase subunit
alpha-1-like isoform X2
TRINITY _DN155170 c0 gl 4N/80%% 12 ATPHf -3.467 N 4.114x10™
sodium/potassium-transporting ATPase subunit
alpha-1-like
TRINITY_DN211188_¢c0_g3 #N/414: 12 ATPHE —4.898 T 1.401x10* o
sodium/potassium-transporting ATPase subunit
alpha-1-like isoform X1
TRINITY _DN250779 c0_g2 4N/40#4i5 ATPHES 5173 T 2.834x10° =
sodium/potassium-transporting ATPase subunit alpha-1
T JE TRINITY_DN240143_cl_gl #&% 4602 L 1.467x107
immune integrin alpha-2-like
TRINITY_DN271867_¢c3_g2 #&% 4163 L 1.613x10™°
integrin alpha-2
TRINITY DN233485 cl gl Hi5 AR T4 iR 3988 ki 4.780x10°°
prostate stem cell antigen-like
TRINITY DN229897 c0 gl M4 K 3.699 LI 9.152x107° 2
interleukin-8-like
TRINITY DN250304 c4 gl #MARS> 3.674 b 3.542x107"° 2
complement component C7-1,partial
TRINITY _DN271900 c2 gl %A% 3308 LA 6.971x10"
integrin alpha-5-like,partial
TRINITY DN234155 c0 gl F4iN% 3232 kI 5.873x10°
interleukin-1 receptor type 2-like isoform X1
TRINITY DN240401 c0 gl &% 2872 LA 3.054x10°°
integrin alpha-6-like
TRINITY DN273767 ¢5 g3 MMM -2.659 N 6.453x107°
complement C3-like isoform X1
TRINITY_DN266555_cl_gl f5iif#B granzyme B-like,partial -2.773  Fi 8.097x10° 2
TRINITY_DN272550 ¢2 gl #B4&FK 2902 T 3.681x107
integrin beta-3-like isoform X1
TRINITY_DN228329 ¢3 gl C-X-C S&)7 b7 —2.922 T 4.406x10*
C-X-C motif chemokine 11-like
TRINITY_DN243848 c0_gl C-X-C %77 -3.450 NI 4.084x10°
C-X-C motif chemokine 11-like
TRINITY_DN211177_¢0_g2 FRFKF FEHVLIGE H KK -5812  F  6.671x10"
interferon-induced very large GTPase 1-like
TRINITY _DN236440 c0 gl HEff[HT 6205 LI 2.551x10°
elongation factor 1-alpha-like
TRINITY DN266493 c0 gl —%MA L 4457 L 1.546%10°

nitric oxide synthase, inducible-like
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- MR 2 -

HHID L 4 LogFC EW/Fil P R XHER
gene_ID gene name (E/F)  up/down P—-value key gene

TRINITY DN257465 cl g2 1,25- 34/ K D(3) 24- 1L Ky 4103 ki 8.543x10°° 2
1,25-dihydroxyvitamin D(3) 24-hydroxylase,mitochondrial

TRINITY_DN267218_c3_gl  6-Ti MR S HE-2- I8t/ Rpk-2,6- — B RRRE3 3.696 LI 2.049x107
6-phosphofructo-2-kinase/fructose-
2,6-bisphosphatase 3 isoform X1

TRINITY_DN263649 c0 gl  JRWEANE-DNANEFALHT 3.491 Fid 2.822x10°°
uracil-DNA glycosylase-like

TRINITY_DN267020 c0 g2 TR I =X 7 P 7R F2 o g 3.008 LA 1.152x10™
phosphoenolpyruvate carboxykinase,
cytosolic [GTP]-like

TRINITY DN249342 c0 gl  L-77aF23-ii A 2902 kW 6.466x10™
L-threonine 3-dehydrogenase,mitochondrial-like

TRINITY DN254138 c6 g2 #ZJFiE bR 4 ¥ 2621 L@ 5.673x10*
mitogen-activated protein kinase 14A-like
isoform X1 [Sinocyclocheilus grahami])

TRINITY DN261411 cl gl  BERR H MRS il 2544 R 2.051x10™"
phosphoglycerate mutase 1,partial

TRINITY DN274365 c5 g4 ZHMEZP450 cytochrome P450 3A30-like 2528 R 9.556x107° &

TRINITY_DN250796_cl1_gl  #ifift &b-245 HifE —2.509 N 2.444x10°°
cytochrome b-245 heavy chain-like

TRINITY_DN237775_c2_g2  1-BERRTEALEY 4,5- “BERRBETR —IaAE v 3417 NI 2.390x107
1-phosphatidylinositol 4,5-bisphosphate
phosphodiesterase gamma-2-like

TRINITY DN255224 cl g2 3FiEEEAR -5.793 T 5329x10°*

matrix metalloproteinase-24 isoform X1
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