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AFIH, TRMAEREEAR —ARTH S RERMS RRRKEENEARE &,
KA PDAF R KT TAENF T ENMERNBEEAFERH#AT2EEE, XA -
mina HiSeqTM 2000 & & & Wl 7 &, @R AT E N E RREE I H R HATH
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SR HE P D RESE R FIHR R AE AR

F 25 24 18 0 0 55 B 11 20 (Actinopterygii) I
H (Cypriniformes) fifl £} (Cyprinidae) % 18 4 J&
(Schizothorax) 1) —Fh #1281 22250 41 T V4 5L H
16 DR HE S A VL S S i, R A
[ 28 5 fa b RN = 2 0 R 2 — 00 e R g AR A
AT EA AR E. ESREAREAGAER
B | MR . AR R . B
BARAENY Z R AR Y 2E R . HIE LA, TR
WA, . AR ERR, FEOA
FEREE KA, MR 8, WP E e
BN TIREHRAREAEEE L, HEAAE 4
TENTFRFEA R, Pl 7 R A X f 3
PAATE ) AT oK TR, SEOLT R 5,
XoF 1o JE A0 2K e AR DGR E B b, 5K R IR
FHOGHE PR FR 3k R (B9 i AR DL, %o L 2 s L
il W AN A . DR, A S 50 i B R Y oK 25 TR
() 20 S48 A7 S LI P 2 B, 8 7R 7K 8 o
X L2024 £ 8L 20 21 R Rk Y SE I, iR
EL i 240 0 G e Fn A AR DGR R, Wl PR &K
B R B AL ) B A, R P M IX £ 2R BT
Joa 1 ORI B 5 T R T K A

1 MESTHE

1.1 SEIesfRt

ARSI BT EL 2218 AR A PR A A X AR
LA BE K AT A K L FE i, BEBUAR T2
0.3 kg A fat R AR LK B A M B 224 E 045 5 B
(R 7K e A 1 201 4 1 £ 7 k3 T 2 A 249 K
OHIZIRTETEY)) . B 2 dL a5 % A BN R0 A
FHEAASB IS, TR s R . AR5 3RS
T VUEAR P2 e B W B2 2 e 52 5 3 ) 4 BRIl
FHASHRZE By 25 dtb e, 2t ad A v B N B ™ 4 3
SF VU JECAR A0 Bt SN B 2 2 B S 6 3 A A BRI
FHACSHRIE , I BE VY J0A A0 B 3h B 22 Bt
TR FRZE 51 2% 52 A L2 1l EE PR T o

SO0 FH Th S R A B B IR 5 9R L (PDA Ky 5%
3y, AN HEFER . RNAZaP E75 4% (AM9780)
H1 RNAlater £ 7E K (AM7020) %4 T b &K%
YRR AT BR S F] 3L 4] DNA $2 B0 &
DNA AW . 41215 RNA #2505 & KA
BB (b0 A RRA E A7 DNA BEE [RIGE T
BRI F I R YR e An A B A Rl 5 NEB-
Next” Ultra™ RNA Library Prep Kit i# 5] & % W F
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NEBL5D) AR/ ; Pico Green i 5 &% W T 75
M A PR BR A ]

12 EWHE

R & ¥ 5 R A B B 2 e
(HP 2H) F1 5 J& % oKk 5 T 1Y B 20 4 )15 £6. (DP 4H)
FRI SRR R OB R EY (MS-222) S TR .
FH G B9 )RR TR 5 R 10 7K B T K ST %
AbH B R CE AR ), 70% C B niidk 20 s,
PR K hEE 2 K, K 30s, HIHEFR IR PRI
TR 2230 2 5 A N 5 8 R 1 PDA i 5k
M b (R RE 100 mg/mL) B EKE; 4>
S35 MG 5t 1Y) JBLAIE 2H 21286 AN RNAhold ZH 2 f
RV RE D, WARAE . MIEHSM X R
IR AR A R B A BRAA R A TR SR

KERBMRG S BEER G Al 5
(1) 75 WK B P K B B TR 22 1) PDA P E F 25 °C
BiFRAaTh SR 3 d, BEJEPREUR VR TR 22 TR G
I PDA VHl (& N ER) Wk, L0 E
HBR, RILMA R RIEIEA . K alifb)s ok
WAL 2255 3R 5 A 5 RGBT M ZFEHY PDA iR
I, 25°C K 3R 3d, HUH KA R 200030k, B
IR 2R R 2 mL IR E O T, KA
FRERIK . 20 mmol/L i) EDTA FIJC B /K ELUE i 22,
FHTC IR LK T 22 Lk e+, R CTAB %4
fife U R BG4 DNA, FIELH ITS @ 15 9t
1% (ITS1: 5-TCCGTAGGTGAACCTGCGG-3',
ITS4: 5'-TCCTCCGCTTATTGATAT-3")"", [ J
&R & 25 uL: Sxreaction buffer 5 uL, 5xGC buf-
fer 5 pL, dNTP(2.5 mmol/L) 2 pL, F F#E5I44%
1 uL, DNA 4% 2 uL, ddH,O 8.75 uL, Q5 DNA
Polymerase 0.25 pL; JZ W %5 14 & 98 °C 2 min;
98°C30s, 58°C30s, 72°C 1 min, 335 MEH;
72 °C 5 min, H 1.2% RIBEIRWHEERCAL I PCR 74
I E DR RN, SEATAY TR (-
1) e A B2 w1 o

ik A FI B RNA R BGA 7 £ 41
W2 41 B 25 24 18 0 19 I 40 20 5 RNA, IR H
RNA & FH B R L i &, 3840 mRNA Ff
A B polyA ZEFg K 4lifl 5 RNA 15 mRNA, F7
] NEBNext® Ultra™ II RNA Library Prep Kit for
Mlumina®® 7 &, % mRNA 787 3] 200~300 bp
Bt. LI RNA MM, FH 6 B IEREHLE 458 % %
fiti & B cDNA 55 —4 , JfLA%E—%5% cDNA WA Al
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PEATE BB & . PCR & 4ESCE H By, JEAIH
Pico Green {7l & %F SCEHFAT RS, SER 9 E
i PCR(RT-qPCR) K I A R SCE M B, 2 B Bt
K /N K 350~650 bp, RT-qPCR ¥ FF kK T 4 T 3
mol/L, WERIER—  JoUlE . Jogelg . JoR A B,
T MICH 1) —RAK, ToA AV D0 VE 5l 3 1 ik
W RO AR R R A SO, R
AR ¥ £ R (Next-Generation Sequencing, NGS),
5T Nllumina HiSeq Ml )51 15, X3k £6 30 FEHET 73U
ARyl 3 (IR ARG AR YR R A A .

HxmmE ARG RERE FE
R I R A0 e B < 2 B B AR i v ey 42 Sk i) A
WG AE 99%(Q20) LA T [ 7 511 (b 1 1E A 1
Bifs, ¥ B S 7 58 Trinity(2.5.1) B4
HEAT DFHAS B A SR IBURES BE DR fe K Y B s
AN R IZ B AR T o % PR 4eas 3 1Y KL
FNF T H A B PR AT B R T e i e . BRI
DIRETERE T 2 B B PR L5 NR, GO, KEGG,
eggNOG. Swiss-Prot, Pfam,

EZFAE G oM % H] RSEM(1.2.15)
(RNA-Seq by Expectation-Maximization) 4% 14 i1 &

FERF R JFH H DESeq #4442 (1.39.0) Xt
FER AT 225700 R0 RIES ggplots2(3.3.2)
AP 22 5 RaB W &L |
topGO {41 (2.40.0) X 22 F FE K HE1T GO & %5
Bt i KOBAS #F4 (3.0) X 22 5 B K i 47
KEGG i & 5 o i (i bR P < 0.05),

RT-qPCR B3k FfHLBEILE 6 25 F R iA
, 1 F Primer premier 5.0 #4154, 17
RT-qPCR K iE . % cDNA — 8 & Bk # & (-
1375 AR IR A BR S B X P ER B RNA #E17
WG SEAL PR, DL R SR PR AR, gapdh
Z 3 W, i B AceQ gPCR SYBR Green Master
Mix i 7 & (F Vi HAYR A BRA A,
CFX96 %! (BIO-RAD, £ [E )RT-qPCR ¥ [ #F 17 &
BT, WK ZE R 10 uL: 2xSYBR Green Mix
SuL, EFUE5I9 G5 1) 4% 0.5 uL, cDNA #iAR
2uL, ddH,02pL; KNFEF: FiAEH: 95 °C S min,
APE 95°C 10s, iR KHEM 60 °C 30s, 40 PMEHF.
BRLRE R A SR E R 3, R 27229
X} RT-qPCR 550475387, I 57 sl 7 25 1
FHOG I K 235t R AT EL A

®1 MFIIRIES

Tab.1 The sequence and information of primers

Elk7 LiEsI TSI PR op

primers forward sequence reverse sequence product length
GAPDH GTTCCCACCTACGAGACGC ATCCAGAATGGCAACAACTACA 121
NK-lysin CAAGCCCAGCACATTCCA TCCTGACTGCCCTGCTGATA 136
somatostatin TGTGGTCGCAGTGCAAATT TGGAAAGCAGGGAAAGGAG 142
preproinsulin AACACTGCTCCACAATGCCT TTTCCTTCCTCCAAAATCTGC 101
chymotrypsin GTGCTGCTGGTGCCTCCT GGTGTCACAACGGCTGCTT 187
protein disulfide isomerase AGCGACATCTTGTTAGTCTGGG CGGTTGTGGAATATGGGAAAA 176
prolactin receptor TTGAAATGGTCCAGTGCAGAA CCAACAGAGGAGTCACCAAAAT 169

2 4R

21 ERREESKEHEERNT BB

Sy B RAE PDA Biigds gt FAE R RIF, MR
WA E I 3 MKW, 7 0l4r4 4 6b. 1b
2, Hrreb, 1b Z2FE, g ANEFT, TR
%, IEHRKATHEE. 228, B%E5F,
Fign T4, RIS AT (B ).

22 KEEEKHE PCREE

DL By B2 2L 0 K 5 B 3k [ 41 DNA ly
it , FHITS1 A1 1TS4 b b FiiEs|9i#tfr PCR ¥~
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B, POR 7= MR FH 1.2% (B B G e 5 17 P
W, BRAR/NA K 750 bp B AHE, 5 BUBAK T

llh

(@) (b) (©
1 BAEE&KEFREKNSBES
(a) 1b HiHk; (b) 6b EFk: (c) 2 Hikk.

Fig.1 The isolation morphology of S. strain in
S. Macropogon
(a) strain 1b; (b) strain 6b; (c) strain 2.
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Bl i BOR/IATT . 6b. 1b H1 2 28007 5 SEbr ok
ANGRLR T14, 735 R 715 bp. TG FL AT 240 £
KT 1 DNA 2 NCBI 3 Blast J:91 X, 7
FERG 6b. 1b Fll 2 /K55 . 6b 55 9 K (S,
parasitica)(MK850072.1) % & AH L ¥4 4 100%, 1b
528 K 8% (KT807577.1) Bl SEAH U PE 99%, 25
% F K% (S. ferax)(MH899094.1) Bif F +H 1L P Ky

100%. E ik MEGA 5 5456t 43 B 15 21 i /K 25 4
eI eR, 25BN, 6b Sk KB (S,
salmonis)(EU551153.1) 7E—32, 1b 534 K%
(MK850072.1), £ F 7K % (S. ferax)(MH899094.1)
RIE—, 25 S anomalies(MH644832.1) 17—
X, FRGRARBIEA 2),

WA KE S, australis (GenBank: AM228813.1)

67 89

87 WKAKE S, australis (GenBank: AM228819.1)
BKFIWKE S, australis (GenBank: AM228812.1)
27K S ferax (GenBank: AM228790.1)
KB S parasitica (GenBank: J1X213208.1)
15 | 227K %  S. diclina (GenBank:AM228719.1)
— 95 Sp#2/K% S diclina (GenBank:AM228722.1)

S. anomalies (GenBank: MH644832.1)

— 95 | S. hypogyna (GenBank: AM228815.1)
I S. hypogyna (GenBank: AM228814.1)

S. hypogyna (GenBank: AM228846.1)
® 6b

fef /KB S. salmonis (GenBank: EU551153.1)
9 % T/K% S ferax (GenBank: EU163406.1)

HH KB S parasitica (GenBank: MH458749.1)

YI— % 4:/K%E S parasitica (GenBank: KT807577.1)
' 27K S ferax (GenBank: KF420237.1)

fib K% S. salmonis (GenBank: EU551152.1)

FHKE: S parasitica (GenBank: KM061598.1)

9
0s W

S. hypogyna (GenBank: KF420214.1)

e 1b

%4 KE S parasitica (GenBank: MK850072.1)
5 ZF /K% S ferax (GenBank: EU925560.1)
%27 /K% S ferax (GenBank: MH899094.1)
81l 2 7k S, ferax (GenBank: MH899093.1)

B2 ETKERERSEBRFINENERRBEEKERRFHUN
AR OR 1000 YH S SCRER . BRI TR B HORH

Fig. 2 Phylogenetic tree of S. macropogon based on amino acid sequences Saprolegnia

Numbers at the nodes denote the bootstrap values of 1 000 replicates; scale represents the numbers of substitutions per 1 000 bases.

23 NFRIRHEMGE RAHHRER

I Nlumina I 7-F & X HP 21 il DP 41 5 75
AN 0 Y RELVE 2H 2R A T i S . HP ZH R DP
IR RE RS 51932 696 25411 50 599 255
ZKIEIRFS; it ug AL S, HP 4 A1 DP 4
HIREASRE S 0 1R R R 8 40 ) R 46 619 504 £5 AN
43 912 876 %, HP 4 H1 DP 20 -2 &S FE 5 i 4k
J 31 B 5 TR 00 T A SR AE 99% LA IR B3 (Q20)
5 A EE A R 97.87% il 97.59%, Bl LT I
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HERf R AE 99.9% L I 19082k (Q30) JIr (5 43 b 43
1R 94.46% F 94.04%(F 2), {8 Trinity {4 %}
R T T PR S, A5 5 359 164 kL
A, L RIURTGEPHES ] 123 863 575,
FE 51344 B 2 982 bp, N50 F1 N9O 435114 1 596
bp Fl1 395 bp(3k 3). 45K, 2 HE AN MR
ey K, FREmEEFINEEL . T
W, A AEE R ETER,
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R2 BXWARREANFHEER
Tab.2 Information of transcriptomic reads of each group

FEA {i FEZH.(HP)
samples health group

JFUEFF /% raw reads

JKE i ZH(DP)
disease group

51932 696 50 599 255

JRUETE3E/bp  raw bases 7789904 400 7 589 888 340

FREFF/%  clean reads 46 619 504 43912 876

FER3E/bp  clean bases 6992925600 6586931 400
Q30H L% /% Q30 bases ratio  94.46 94.04
Q20MHFELL % /% Q20 bases ratio  97.87 97.59

24 ERAFIEBRMEFERFEE

FIH NR, GO. KEGG, Pfam, eggNOG /I
Swissprot 55 6 %5 2R Xt B 25 2418 £0 7 S 2 U H
PEATIE N DI REE RS, 45 WK, GO B¥EFE ik
BeF) 7 120 55, KEGG B¥i 2 i BeE) 19 265
S, B 3677 AHHTE 6 AU E kA
TR, X HP 401 DP 41 (25 5 3 3R L R 2 il k1
([ 3), SER R, 241t 1889 ALK
EREER., SHPAHMLL, DPH+T A 1414
AR FR AR T, 475 DR BRI R,

F3 SLWARLERGIU
Tab.3 Statistics for the assembly of each group

251 HH/I% A B K E b 2K FE /by

Byl R /0P . /0p

category no. total length mean length N50/bp N90/bp GC%
AR transcript 359 164 475 496 934 1323.90 2206 514 41.92
FH  unigene 123 863 121 665 414 982.26 1596 395 40.69

A

TE: “NSO/NOO”REFTA S M BURT RS, 4517 51 BER MU F AR, AR A LR B3 1 K B (69509%/90% 0 - JieJii — 2% 31

Notes: N50 or N90 is arranging all sequences from long to short, and adding the sequence lengths with this order; when the length reaches 50% or 90%

of the total sequence length, the length of the last sequence.

25 EFFIAEER GO #1 KEGG B4

Xt HP 201 DP 21 22 53 kSN 0E AT GO fig
WERSITAR IR, 227 RIBENTE S FIIRESS
L 2H 53 KA Yk A G o3 A, Kb AEE
YA E RN R REENRZEZ , fEEY
AL, FEAFEPLAER (muscle contraction) |
LA R Gt #2 (muscle system process) F1 AL A 45 4

R R vs. BRYLI

HP vs. DP
5t =
= g4l e
LE3 e T
@ 8! | down (4751)
g 2 | ‘ nodiff (106 5391)
l-,‘:l o I
g 1} up (14144
0t
-10 0 10
log, (Z 51540
log, (fold change)

3 HPYE5 DPHEERFIEERERAULE
K i EE 2kl P-value=0.05 BRI{H .
Fig. 3 The volcano plot of DEGs expression genes
between HP group and DP group
The horizontal dashed line is P-value=0.05 threshold.
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& J& (muscle structure development); il fif] 2H 4328
o, EL S LSNE H 4B 22 (actin cytoskel-
eton), LT (sarcomere) A JJL Jit £ 4 (myofibril);
S FOite e h EEAFENIEE 454 (actinin bind-
ing). LA a-L3h & F 454 (muscle alpha-actinin
binding) fl a-Jl 3l & H 4% & (alpha-actinin binding)
(Kl 4-a).

Xf HP 2 Fl DP 21 4 22 5 3 N £ 47 KEGG 18
BT, AR NN, B AR R E T 20 5
KEGG pathway 43 5l & Wit & (phagosome) . /T %
IINER IR E L IR (proximal tubule bicarbonate recla-
mation), EB J§#E/EYY (epstein-barr virus infection) .
240 B B B 4> T (CAMs) . AT 40 i F 100 9 27 J2%
Pt (human T-cell leukemia virus 1 infection), 2 X
57T R (rheumatoid or thritis) . JRAR 434 (pan-
creatic secretion). [ 5T {H 4k M UL (protein diges-
tion and absorption) ., & IfiL 4l Y i 2 (hematopoietic
cell lineage). i 2 2 Fl Jifi 2 21U (arginine and
proline metabolism). /0>JJLULHE (cardiac muscle con-
traction) . JEHY FIREMEICISS (starch and sucrose meta-
bolism). FEEEC LR (viral myocarditis) . M
FHOR B39 (autoimmune thyroid disease). 1A%
FEHESF (allograft rejection), il T-Fl & 3% (anti-
gen processing and presentation), I HIHHJRHG (type 1
diabetes mellitus). # ¥ 9 $T 15 79K (graft-versus-

https://www.china-fishery.cn
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iR vs. YL

HP vs. DP
ESUNGHNLLZ  striated muscle thin filament [
SOV striated muscle contraction .
BASUNLAT 734k striated muscle cell differentiation | @
BEI K E  striated muscle cell development - @
e . B
HENIAZUKE  skeletal muscle tissue development | . H bR
HHNIES T AH  skeletal muscle organ development - FDR
WU sarcomere ® ™ (1)(7)(5)
2 myofilament 0’50
WURZF4E2H%:  myofibril assembly | ° 0'25
WUREF4E  myofibril @ O.
WLN #4512 muscle system process 5 Fri A
WIAZSH K muscle structure development - @ i
WLA# B K muscle organ development | @ )
WL muscle contraction - & : %g
L4446 muscle cell differentiation |-@ ® 73
L4Hfie & muscle cell development |- @ @32
4525 4% contractile fiber |- ®
Z 5 RANIM 4% cellular component assembly involved in morphogenesis |- o
WizhEREE A 45#94H41  actomyosin structure organization | .
N HE E4HE 5L actin cytoskeleton | @
020 025 030 035
BERT
rich factor
(a)
e REZH vs. JRYLL
HP vs. DP
g phagosome @
HE i/ NE TR Z R A proximal tubule bicarbonate reclamation |+
EB /i %"  epstein-Barr virus infection @ S 2 2 2
MY 9 F (CAMs)  cell adhesion molecules (CAMs) - @ HBRRER
ANZET YA P R4 human T-cell leukemia virus 1 infection | @ FDI} 0
FHIEPEIAT 4 rheumatoid arthritis @ 00
JEHRSYWAY)  pancreatic secretion ® 0.75
BT protein digestion and absorption ° 0.50
I MANAETE % hematopoietic cell lineage ® 0.25
R AR arginine and proline metabolism E 0
DL cardiac imuscle contraction | L] iﬁi//ﬁ
JERANEEREICH  starch and sucrose metabolism . o
SRS viral myocarditis e iO
Go g MEHURAREHG  autoimmune thyroid disease ] . 20
SEAEFEREHEF  allograft rejection | @ . 30
PUEII LA G%  antigen processing and presentation - @
1 Z9BEIRIE  type I diabetes mellitus °
BAEYIPUE T graft-versus-host disease ]
FokALLAL  dilated cardiomyopathy (DCM) &
NERTLCHF - hypertrophic cardiomyopathy (HCM) : .o :
0.06 0.09 0.12 0.15 0.18
BT
rich factor
(b)

4 ERFIEEEL GO(a) M KEGG() EED HHIRE
Fig. 4 GO (a) and KEGG (b) enrichment scatters of the DEGs

F) 1889 MEFRIBIN, LR 6 MERE
IKIE, FIFH RT-qPCR AHXT E 2 7546 I IR e 7K 25
Joi L IR B ZH BE N GRG0, A5 R BoR, 6 12
S 2RI DAL P ARG 00 45 SR 5 B SR A3 AT I 4 SR A —
B, UESE T FESRAL M R HERR T (8] 5)

host-disease). 7K %l .0» )L %5 (dilated cardiomy-
opathy) FIAEJERLL L (hypertrophic cardiomyopa-
thy)( 4-b),

2.6 RT-qPCR &M
MR SR S5 3, D\ 2 21 250 340 £ v i ik
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FLPKE, 24
= 1 2 3 4 5 6
& 0
: LI
<
—_ (o]
o
f’éé 0.4 1
S
&2 08
'3
ﬁ 5
il —_—
9 5 -1.2
ﬁ ? o RNA-seq
m g 16 = RT-qPCR
o
o
Z
= 2.0
)

[El 5 RT-qPCR S5#¥RERNEREZEREHHLLR S

L HUR B AR A AL R, 2, AR KM BIE, 3. AR & F L

4 FEREAMEORERE, s RO mERAEIER, 6 fART

(z=-15

Fig. 5 Comparative analysis of DEGs by RT-qPCR and
transcriptome

1. natural killer cells-lysin gene, 2. somatostatin gene, 3. preproinsulin
gene, 4. chymotrypsin gene, 5. protein disulfide isomerase gene, 6. pro-

lactin receptor gene.
3 Wik

IKEER AR RETEEMRERL . &
TR EREINZ —, B TRE K SR
1 B KRR VR e R R A e —
20 4 1 0 X6 O A o5 i VT it A A Tl A
B HEMRE AN TR, &%
KA KR AR A . AU 1 S8 R 3=, IR K,
T R SR A BTG 26, PR, R e 0 B
A3 B IR K B9 X B 200 2R fa A A 4 SR
ISR, X B2 240 f0 1) fa Bl IR A HAT AR

&I, GO Jifgs 4 HP vs. DP 7EJJLA
W 4 (muscle contraction), HJLA &R 4t #t 2 (muscle
system process). Al A 45 #4 & B& (muscle structure
development) A1 fJl 5 25 9 40 i & 22 (actin cytoskel-
eton) DIRE_ I FDR {HE/N, R 2 412408 fa 1E
XUEETIRE i R R E R B E, X
A BE 5 K B0 2350 ) £ 28 i 1E B R TK, PRAR A E
PR, g LA K AT A XY, NshEA
HH-E SR AT DA 2 MR Tine, S an i
1953 %4 Ga Bl . BRI A A B AR A OGP
Porter 55 XTAH Y WL & AR BE R B, Wlsh&
P 200 BB SR 2 X6 Sl %) SR i DI RE 7 A s, K
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Zhou FE 3@ 1 X K # 4 (Larimichthys crocea)
HLIR SR 28473 40 B 75 28 (NK-lysin) 8024 K 3 1 19
WE5E, 1% 3] NK-lysin $T 58 Ik B H A U I 1
Zhang S5 Sl H 85 (Cynoglossus semilaevis)
NK-lysin [ 8 78 & PL, NK-lysin B4 B1# 15 H:
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TR YR A . AE KR (somatostatin) & —Ffpf
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o, B AT AR T R AU A 2 R A 2
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Isolation, identification and the effect of Saprolegniasis on the
spleen transcriptome of Schizothorax macropogon

KONG Qinghui ', LIU Haiping >, LIU Suozhu ',  SUO Langsizhu ',
XU Yefen', ZHAO Xiaoling', SHANG Zhenda "**

(1. College of Animal Science, Tibet Agricultural & Animal Husbandry University, Nyingchi 860000, China,
2. Institute of Fisheries Science, Tibet Academy of Agricultural and Animal Husbandry Sciences, Lhasa 850002, China;
3. Tibetan Plateau Feed Processing Research Center, Tibet Agricultural & Animal Husbandry University, Nyingchi 860000, China)

Abstract: Schizothorax macropogon is one of the main economic fishes in Tibet area, only distributed in the upper
and middle reaches of the Yarlung Tsangpo River and its tributaries. Saprolegniasis is one of the most difficult fish
diseases in prevention and control, and brings huge economic losses to the aquaculture industry. This experiment
was conducted to analyze the effects of Saprolegniasis on the spleen transcriptome of S. macropogon and under-
stand the molecular mechanisms of S. macropogon infected by Saprolegniasis. A total of 5 healthy and 5 Sapro-
legnia infected S. macropogon living in the same aquatorium were randomly selected. The PDA agar medium and
molecular biology methods were used for isolation and identification the S. strain from S. Macropogon. In addi-
tion to the transcriptomes of spleen tissues of healthy and fungus infection, S. macropogon were sequenced based
on the Illumina HiSeq™ 2000 high-throughput sequencing platform and the data were analyzed by bioinformatics
tools in this study. The research showed that we obtained 3 S. strains from the skin of S. Macropogon, including S.
parasitica and S. ferax. A total of 46 619 504 and 43 912 876 clean reads were obtained in the healthy group and
fungus infection group, respectively. 359 164 transcripts were assembled and 123 863 unigenes were spliced after
removing redundancy. Compared with the healthy group, 1 889 unigenes showed differential expressions in the
fungus infection group, 1 414 unigenes were up-regulated and 475 unigenes were down-regulated among these
genes. Six differentially expressed unigenes (natural killer cells-lysin gene, somatostatin gene, preproinsulin gene,
chymotrypsin gene, protein disulfide isomerase gene and prolactin receptor gene) were randomly selected for
quantitative real-time PCR and the results were consistent with the RNA-seq. The results of GO functional enrich-
ment showed that the up-regulated genes are mainly enriched in 241 terms, and down-regulated genes are mainly
enriched in 60 terms. These genes involve molecular functions, cell components and biological processes. Besides,
among these GO functions, the most differentially expressed genes were enrichment in biological processes,
including muscle contraction, muscle system process and muscle structure development. KEGG pathway enrich-
ment suggested that the unigenes were enriched in immune diseases, endocrine and metabolic diseases, viral infec-
tious diseases, digestive system, excretory system and so on. Collectively, the results of above indicate that infec-
tion with Saprolegnia can affect genes expression in the spleen tissue of S. macropogon. The conclusion will

provide important references for further exploration of the S. infection mechanism of S. macropogon.
Key words: Schizothorax macropogon; Saprolegniasis; RNA-Seq; spleen tissue; differentially expressed genes
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