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BWE: WHAREAN A mEEZDNEHALE LKL N T, LI L TRNA-Seqi A 3t
JA S i A B KCF 4 2 % D5[0(VDO), 1243(VD2), 22 700(VD20) TU/kg] 8y 13 ¥ *R 3+ i & 4 &
JIEE o /I~ i B % 3 4 B HEAT AT o 3B 33 7305 568 9824 . S readshy it AnHE FR, 17 2| T 83265
% unigenes, F#K845.38 nt, N5y 1620 nto F| f Blast4 A8 X 2 4 xf # 45 # 47 K £ 2
M, FE R BEAEE2922440 . REGOFEAMMAN, ZRrEFFXETEETEH
M AR, REEEE. £ HEEEE T, KEGG pathwayg E 0T 4R &, RAtEKY
REHEK %, F15324 . MxtT x4, 712434222 700 IU/kgH) VD3 (VDO vs VD2/VDO
vs VD20) ¥ 43 2| 3£ ] b T 2L B 3804, H b EiRFEE 2664, T EEII4N; 3f K
FTERLETHESNEEE2IA4, AP FPREXEIAN, TRHEELITANA. HFREHR,
EARTRRAERELEEZD, 2 HETENE KRB EY LS XREERALT 4
P, EFRERELRA, MAXKXENEREIFEZR. AERBIAGZRERAEAENE
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19T Rk R

W Fitn, 5% H (Siluriformes), #F}(Bagridae),
15 FUAh & (Pelteobagrus), J&—Fh /N FIR K 2255
mg, WL, ExRFE, BRZHENE
F, EERAEWIGH R . ) FPIYTATYE . T
I8 5 ML T P DK, B A DLH AR KR
BELOBER TR . AU REs . SRR
M, MR IR G E ., R, 784 E %y
A, HHEHE DRI @A, SH 5 &M AR
I, NTFRMEM A ZEEY K, ALK R
RNA-seqz A X EDE S 0 AN [7] 7K SF- VD3 Y 3 35
/N g R E R AT G S AL ), A TR T AN ]
VDK B g AR E A S i AR
B, BT B RDEL VDK 5 Y 22 S PR e sk
AR, ASEEF MRS R . K
Yo xS T B IR A DG J DN e R A ) e A AT A E
FE B He A

1 MRS Tk

1.1 FESLENHEREE

MEDLIE G i T 3K 296002 B Fifa, bl
LA 104 F LB E 27 4 5 b (R, 395 L)%
Fr, SLEAE AL Ol KA K T AT
kTSI A N FRAE AT LA S HEZS AR N R VD;,
B A2, B SR R AR OR & VD5 1k BE 4 4
Bl BRLGRE, LR MAYLIER24 hWERE, Pt
AR O L A% — B0 B U (2.0£0.5) g 4502
BEML > J34, A3 EE, BEIS0RM,
2H 43 M & 0(VDO), 1243(VD2), 22 700
(VD20) IU/kg VD3 fa B} o 1252 55 VD3 ik B 1
WS 25 AR R A i 1 5% 4 S 30 BT, 3 IO IR
VD; (VDO) R XA, H 88U K F- 1243 TU/kg
(VD2)F =5 FH B8 7K S22 700 TU/kg (VD20) Ky Ab
FRA, RLHE ™ A R VD0 K S o 5 5% 4 ]
REGIE MY 25 S L Ak iy e ), SR 5 S0 I Hp 4k
120, SRR SRS, — R AR
5%, B R0 (08:30114:30), 45 JH 4
HOARE LR R R WK IR 2924 1.5 L/min,
Ki#16.0~24.8 °C, %A KT 6.0 mg/L, =AM
F0.5mg/L, pHA8.0£0.1, flk}fc Iy &2 I8 BLny
g SV T 3

FREH S ES RS, LI YLHk24 h, ARETH
K/NB— i Fifa3fE, HIMS222(200 mg/L)JFk
J& 43 S BUS AN IR 20 . A A B3N AT
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TS VAT & W35, RIS b B AR 9 45 o
i, JFBE 9L T FA Y /N g A IE 43 A 1.5
mL EPE H, JRR R B AW DR, RS
HA-80 °CHR-TEE .

1.2 RNAIEH

HAHL s T, A WRAE G BT R
WHEE , H 2 KRG FI TRIzol (Invitrogen, 32 [H)
B S RNAZEAT R B, S RNARY 2 3 R 42
415 F Agilent 2100(Agilent Technologies, CA)F
NanoDrop 8000(NanoDrop, & [E)$8 413 )66 BE AL
AT

1.3 cDNAX = W4 32 #0350 5

RNA-Seq 3% (1 il £ Sl 7y 2 i _E 1 R ARk
VR A BRA FI SR, KX R A A 2 A4 945
g, BAHLE ARG G, PR R
RNA. B4~ A i FE 45 & B RNATR A,
T4 HIDNase I JHIEDNAJG, HIH7 A Oligo(dT)I
R E AN B RNAT AYmRNA . 4R J5 A fragmen-
tation buffer¥f mRNAFT Wi il B, DImRNAN
Bt , 7S IIE LS| 90 & U — 45 cDNA%E
RIG M A b . dNTPs, RNase HFIDNA
polymerase I & W%H — 2kcDNA%E, F1d FH5
eaifumle, R ER B S . cDNAM 3K 3 fin
bR A IR L, RE AT B BOR Nk
¥, BT HETPCRY Y, SRS B BEEE I F K
AT R B R/NIE R, B e i TPCRY 1S, AR
W ¥ 32 P2 Fl Hlumina HiSeq™ 2000377 )5

14 FHHERER

P45 ) W reads, FFAAREA RN . B
AW EEW . DT ERIK N reads,
X SEreads sy 52 M 20 & A1 2253 0, RATTXS T AL
Hreadsid &, 15 %F|clean reads, J5ZL MRt T
Iclean reads. ZUHEALHL AR . DZ:BE ¥ adaptor
fHreads; @ KFRNMY IR F 5% reads; @K Fk
1% 5 2 reads (5 2 {H Q<< 1074 Bl 3 % 5 %% > readsH)
20%LA I); @3K15 Clean reads, RV R 4R ¥ 51 B4
Zad K BR AR B E A5 BB o FRATTE H i reads
ZH 25 B F Trinity (http://trinityrnaseq.source
forge.net/) it Sk 4 Sk 2l %¢ o Trinity B %6 HA
— E K overlapHreadsi B K 1 B, X 2EiE
i reads overlap 215 | AR SN %6 F BLE N
20 % H R ) Unigenes. 4 Unigenes)¥ 51 5 & 1%k
JEENr. Swiss-Prot. KEGGHICOGH#blastx [t X}
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(E-value<0.000 01), B X485 3 fe i 10 26 1 1 o2
unigenes )75 7 Ia], 1535 45 % unigenes B A #
AR E, M 4E 2% unigenes Y 25
HIREEBAE B o MRIENGER(E S, i FHBlas2GO
(http://www.blast2go.com/b2ghome)f5 £ unigenes|¥
GO BAH A, #4551 unigenes GOTE R )5 |
HWEGO (wego.genomics.org.cn)4X - If £ unigenes
MGOTNRE M KT, MW ANz B i)
PRI T BE 0 A1 HEAE

1.5 FUN4miEEBE

CDS (coding sequence) /¥ 51 B} 4 i ¥ 31, —
A~ cDNAJF I BEFR R — Dk, 55— AL T
TE B B R B SR AR 37 5. (TSS),  cDNA#RJE Hi 4t
WA, HgmEEARMNEFHAG—1, /i
CDS, X By 8 J& — > FF s i 32 HE (open reading
frame, ORF), JZiX > cDNAORFJF¥I,
ORF YR Sl 2 UE B — 81 B DNAJF 81 0 5 1) 2R
F1 0T 4 B 5 DL 1) 38 4 4 By e e A5 F . B
Bt AT RN R IR AL T B B
F&Nr, Swiss-Prot. KEGGHICOGH It e 4t e 4%
unigene) 751 5 L I8 1 PR i blastx Lb X (E-value<
0.000 01), UHEHFA4Unigene/ 751 Hex) & i 56 4
BT ME N, WAHEANT X, &
H RN — AN M XT, G g 2R B RS
B F X 5E . Hblast Hb X 45 5 7 rankdy & 19 8
H i %€ % unigene %) i 15 X 7 51, AR J5 R B A 1
B K g 5 X 5 BRI A SR P A,
1M 75 31 iZ unigene 4w 5 X 14 4% 8 1y 51 (% 5 7 [#) 5'-
VAR T, wm, 5P EEAER AR

1

I Hunigenek T K FESTScan(http://www.ch.
embnet.org/software/ESTScan2.html) T il H: 45 5
DX, A 30 H G i DX AL R 7 81 (810 7 1) 51-3") Al
REEMRITH

1.6 %itSSR

16 L B & 7 5 (simple sequence repeat, SSR)
MR TR DNA, 45 B J2& 36 K 20 b iy 1~6 A% 1
PR 20 n A R AR B B 22 M I — BXDNA,,
JZor AT TR H R AN E, K — 5200 bplA
T, HH R RS, TS ) EFTPCR
P, W2 T AFMISA (MicroS
Atellite)(http://pgrc.ipk-gatersleben.de/misa/misa.
html), A% H BT ISSRs.

2 HEH

2.1 FERENFRAER

F) H Illumina HiSeq™ 2000347 I )%, 75 5|
Total reads 305 568 982%%, #Z 1 Mik30 556 898 200
Ao Ad FHZH 25 3K Trinity }f f reads A Sk 2136, 145
Fllunigene 83 2657, H A& K H15469 nt, ¥
43201 nt, KB 484538 nt, Ny ob 1620 nt,
Fr A unigenes K F200 nt, K E200~300 nth
unigenet 2, ZIM33%(E 1), K #1000 nth
1i24%, Ffiunigene &£ 70 390 671 nto
A BRI A, Uy R R A, i —
PH A R OB

22 HREINREER
T4, 8 id blastxlfunigene ¥ 41 L X £ 8 H

— T T T T T T T T
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1 #EF Bunigenek E 55 &
Fig.1 Length distribution of P. fulvidraco unigene

1-30:<200, 200-299, 300-399, 400-499, 500-599, 600-699, 700-799, 800-899,900-999, 1000-1099, 1100-1199, 1200-1299, 1300-1399, 1400-1499, 1500-
1599, 1600-1699, 1700-1799, 1800-1899, 1900-1999, 2000-2099, 2100-2199, 2200-2299, 2300-2399, 2400-2499, 2500-2599, 2600-2699, 2700-2799,

2800-2899, 2900-2999, =3000
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B PENr, SwissProt, KEGGHICOG(E-value<
0.000 01), 753554 % unigene EL A #x i ) 51 AL
PR A, IS B X unigene ) 85 F U) RE 1 B
5B IE29 2245, XFHLHINr. SwissProt. KEGG
FCOGH 51429 191, 24761, 14291, 78134,
FLrpout B SINTER FRE ) 15 99.88%, LB 24 R W,
E-value/N T 1e-10019 11 64.81%, I UL HE X 45 5 4%
ST A (E12) TRVIR 3 B X 5 e 8 9 o B 2 f
(Danio rerio), R MEE L E T #1.(Maylandia zebra) |
B33 Y vg B 3F £ (Oreochromis mossambicus)5 (€1 3).
HE 4 Nk (1 0T 13 B E 4T GO (gene ontology)
8T, GORLIEAT 3 ontology, 43+ il il i JE K] 1)
43 F P HE (molecular function) . 4 i 2H 43 (cellular

15.68%

29.01%

-19.51%
5.79%

12.15%
’ 17.86%

B 1E-20<evalue<=1E-5 : 4578
1E-50<evalue<=1E-20 : 5694

B 1E-100<evalue<=1E-50 : 5214

B |E-150<x<=1E-100 : 3547

B O<evalue<=1E-150: 1691

B evalue=0 : 8467

Bl 2 unigene’ B L5 RENrHHEE S HE

component) . Z 5[4 1130 F2 (biological process),
BN ERRE R IE R DI RE IR R, AL
T — & ol 25 T B 0 bR o TR ROk A AR A Y
A v 5 DRLRT 35 DXL 4 ) J 1 o b YR Ao X
i 5% 4 Y unigene 1T GOS AT, 15 513 8854%
unigene§ GOIEFRE, #/4547.6%, HFFcellular
process " AU R £, H8730; HIK Ametabolic
process, biological regulation, 437l 46857,
4230(1#14), ¥ X GDIREsFFE26F, Hrp R &
A Ty Al 0000 AH OC L R A, 3 SR A 5 i SR O
DR AR o 4 — 5 LA (B15)

2.3 ESEXEYEREECDS

18 331 blast Hb % 5 2] ) CDS Y K J& K T-3000 nt

100000 -
=l
< B 10000 1
f‘i'a
~5 1000 1
=%
&2 1001
gvﬂ
= 0
| I R e

12345678910

3 YIS mEI @)
LD, 2 O ENf,; 3. AR wP M 4 BHAXE
i, 5. s 6. KPvERE: 7. A EE Ryl 8. KEE X 9.
WG 10, AR
Fig. 3 Distribution of species (top 10)
1. Danio rerio; 2. Maylandia zebra; 3. Oreochromis mossambicus; 4.
Ictalurus punctatus; 5. Oryzias latipes; 6. Salmon salar; 7. Takifugu

rubripes; 8. Ictalurus furcatus; 9. Dicentrarchus labrax; 10. Xenopus

Fig. 2 Distribution of E-value in Nr tropica

10000 4 — _ - 1.0
2 1000 [ [ - 08
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e B
S 100 - oo
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4 unigenesfI GO gE 73 2
Fig. 4 GO class of unigenes

1-47: metabolic process, biological regulation, pigmentation, multicellular organismal process, localization, developmental process, establishment of

localization, cellular component organization, response to stimulus, anatomical structure formation, cellular component biogenesis, immune system

process, death, locomotion, biological adhesion, reproduction, reproductive process, growth, multi-organism process, viral reproduction, rhythmic

process, cell killing, cell, cell part, organelle, organelle part, macromolecular complex, membrane-enclosed lumen, extracellular region, envelope,

extracellular region part, synapse, virion part, virion, synapse part, binding, catalytic activity, transporter activity, molecular transducer activity, enzyme

regulator activity, structural molecule activity, transcription regulator activity, translation regulator activity, auxiliary transport protein activity,

antioxidant activity, electron carrier activity

http://www.scxuebao.cn
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5 unigenesf) COGI & 43 3¢
Fig. 5 COG function classification of unigenes

1-24: RNA processing and modification; Chromatin structure and
dynamics; Energy production and conversion; Cell cycle control, cell
division, chromosome partitioning; Amino acid transport and
metabolism; Nucleotide transport and metabolism; Carbohydrate
transport and metabolism; Coenzyme transport and metabolism; Lipid
transport and metabolism; Translation, ribosomal structure and
biogenesis; Transcription; Replication, recombination and repair; Cell
wall/membrane/envelope biogenesis; Cell motility; Posttranslational
modification, protein turnover, chaperones; Inorganic ion transport and
metabolism; Secondary metabolites biosynthesis, transport and
catabolism; General function prediction only; Function unknown; Signal
transduction mechanisms; Intracellular trafficking, secretion, and
vesicular transport; Defense mechanisms; Nuclear structure;

Cytoskeleton;

A 124555, HLXT 15 3 59 CDS i #1045 31 1Y 2 5E
R 7 51 1 K B K F 3000 ntf A& 12454 it
ESTscanTi I 15 2] i) CDS Y K J& K T-500 nti) A
214, 1T ESTscan il 15 2] CDS T # %15 %
()2 R 7 51 B B2 R 17500 nthg L 45% .

2.4 SSRsTRM

83 2654k unigenes ' % 5 H i T2 21 063
A, HP ARG TRRAL . SRR . DUBIE . AR
SO BLE A, 25 Bk T A B0 40 0l S 13 956
3847, 2797. 395F1684,

25 AEHEEZDAETERMNRIE

S 6 g 2 £ 2R DX B A/ i R U R A
FIBWIRE W Gy 3R, RIJCES . i B
L IR A AR BoR, MEE K FAH
e, RRE R R 1243 TU/Kg VD5 HG /N i A1 iE 22

FRIFFPF L3041, Hoh FiFFEHE 2664, T
FEH 1144 At REAH B, FEARDRE R s hn 1243
[U/kg VD;H122 700 TU/kg VD, [R] i i 31 2% 53 56 3K
MR A 214, o B SE 44, R
174 (1), MRAIEFPKMAE P R 35 1 4 > 45%
9, MRERIKEF(0~1), FRIXFEF(1~5), K
FIKHEH (5~50), 5 RIKHEH (50~500),
KIER (>500), 4R B, kR in1243
1U/kg VD3AF, I8 3 b Rk R 0 2
1.1%, HERIEEFA50.7%; FRIEHR P EE
RFEEH151.7%, JolERBEEN . YRk
Jn22 700 TU/kg VD5, [ 8 3 R A g 36 ok 36 R
25150.4%, #BEFAIENLA50.4%; 1T JE 3K
Hh R A SR 291 2.6%(3%2)

#1 BFAEERPRMAEKEVDEREREFRL
Tab.1 The gene regulation under different dietary VD,

level treatment in yellow catfish

TR IR VD, B /(1U/kg)
dietary VDj; addition level

0 1243 22700
FEIE R A 266 4
common up-regulated gene
FEF N IR R A 114 17
common down-regulated gene
FE R IR A 380 21

total common regulated gene

x2 BEF&RERPRMAEKFVD,
HEFEERLESH
Tab.2 The proportion of common regulated genes under

different dietary VD; level treatments/ in yellow catfish

TR ITVD K BE/(TU/kg)
dietary VD5 addition level

RiLE 0 1243 22700
FPKM

HHE FiER

SRl BN A E g 147 324

53 Ee/%

the percentage of the [~5 53.7 57.5

common up-

regulated gene 5~50 29.7 9.4
50~500 1.1 0.4
>500 0.7 0.4

HE T ]

R FE A E 54.4 518

53 /%

the percentage of the [-5 20.2 21.0

common up-

regulated gene 5~50 23.7 24.6
50~500 1.7 2.6
>500 0.0 0.0

http://www.scxuebao.cn
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201147, & A e A2 I e PR AU
— AR P HAR X I P R AN AL B 2 A
o, Bl T AT R EOR 1 22 SR BRUT,
WK T e D ET TR A AR . R ERAE
LT R IR BT, AR
ZPIESE PR LD o Daniel %X CS7BL/6I A
DBA/2J% 2 R ECHR AR ) 35 R 3% 3818 B 547 T F
5%, Wang 5 P00 148 fifi & 1 i S Al R 47 T 4
AT BMESS , Li%E PR INRNA-seqd R ] 2 5 3
JNIEE FER R, Jeffrey "% FHRNA-seqf K
AR A I BUR T o I JLAEE, RNA-seqdi R
FEK 7 2 b 0 8 A S S B, I IR R X
THRENE ., R AR, . REHEA
A= W) B AR S AL I A 5 T Y B YRR A A R Y
HEET, PallaviZPIVE B4 Sk & (Lernaea
cyprinacea) ¥ A 14 AH 5 35 PR 4R M AF 5 gl A1)
TR PR, LigECPYIE M (Cyprinus
carpio) ' WEFE 5% 20 53 Bt v S B0 40 95 % 48 K% B 1E1 BIL
il BSR4 T R HIME B s Wang SR gt AT
T3k B SR B (Triplophysa dalaica){R A5 ;
Tian 5 PO T 1) M A0 7k R85 9 7 R 00 T gk 5 5%
M, 38 AN [ e A e AR K R A A DG 3
NG = T - £ R B R S RO
£ ;5 Deng%5PUHIE ST MR EORHE A e B % k1
(Oreochromis niloticus) K M fe . P L BE
o TV B S . Shen 5 B2t (K T U (Coilia
ectenes) i A TR AT £ & T B8 9 5cds % .
ZhangZE W5 T 21 & 88 (Cynoglossus semilaevis)
e G BT 7 o AH OC e B D Y Rk A8 Ak .
LuB 35V Y e 57 2 4 R XoF 0 30 £ 1 331 e o ik DA
ReA™ 5 B TR B W 2 S AR AT TR K. BT
IRATRESERE | R G AR A 1RRE VD X v A8 /N
S JUE 52 W) 19 5 S AH B R 2., AR SEE s IR T
3[R e A B R A B, A AR 3 T RS oK
RN L1 N B U= 11 N N L 3 2 B T
R, FERMAKEF G, o S5 K -F b 31
/N TS E 22 S5 3R A FE R 43804, Hirh | i
FEN2661, TIMEM 1144, RO AR EL, 78
SN N K P e A0 K- o [ B 2% S AR Gk
M FER A 214, Horp B H4A, T E
174> X 2622 5 TR K A H143, 75 SLC (solute carrier)
FEH P 6. SLC family5. SLC family7. SLC
family24. SLC family35. SLC family37. SLC

http://www.scxuebao.cn

family41, SLCHIAEFZ#EH, Wi 5510 %K
WA F362 DI REME G 5 2 (1 3L, Wn¥his i
. Rz ER . ks Eas, Home
M2 B AE X S LR N SE K B i ds 5 T HLB PH B
T His ; WA LR NEZ, &85
T EEE | IR RAE VLS FiEaE,; IRE.
ML YR Y. AR IR FE S
JEWITR . AUFIIRER . KB B RE s 4
AR FIEE TS, EITRREE, H
SLC family73& PR 3= BL55 32 (1 2 1 2 JL R K 5 i R
FA IR, AL A, kb Esini243
IU/kg VD3R, ik Rk it i 3 FiE, FPKM{H
KE| T £926.16, i 4R AR 22 700 1U/kg
VD, ZIEH RSB TR, RWPMEEF VD,
18 7K P X 35 57 0 T3 1) W AL 3 ke A IR R Y
EHT, Tk 23 VDs, Al BEL XM 65 s
B R AR R T, DA R AT A AR X
BRI A AT WoRCT, AR R R 4000
TU/K gl VD5, B fi (1% 41 A 0 1~ 4% 2 35 v 1 Xt
HRZH ; Bong g SEEL g, fRDEL R ES in22 700 TU/Kg
VD5 11243 TU/kg VDA b, 8% 501 411 2 £0 JF I A
TP B E IR . I IRATTHEW S S VD2
Xof e A S B R RI S
FEARSZR Y, RAT B R R B 5 18 54 041
A, A R AT BR R R Dk A 1 B S A K
PEIBHX A, A AT S0 S 2 56 R .
T8 33 0 30 ff B Sk 4 i unigene 1T GO g
2, 1431 GO Brunigenes 13 885%%, £ /h
47.6%, £ FER| 40 i i3 F2 (cellular process) |- i) &
Wiz, R8730, H K AT (metabolic
process). E4#1H77 (biological regulation), 435l
6857, 4230, KEGG pathway& &8, K&
24055 AR E 6, ALHE . WIS T i . S
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Effects of dietary vitamin D; level on transcriptomic response in
yellow catfish (Pelteobagrus fulvidraco)

FENG Meihui, CHEN Pei, DUAN Mingming, WANG Chunfang”

(College of Fisheries, Huazhong Agricultural University, National Technology System for Conventional Freshwater Fish Industries,
Hubei Provincial Engineering Laboratory for Pond Aquaculture, Freshwater Aquaculture Collaborative Innovation Center of Hubei

Province, Key Laboratory of Freshwater Animal Breeding, Ministry of Agriculture, Wuhan 430070, China)

Abstract: The study was carried out to investigate the effects on possible gene regulation in intestine and kidney of
yellow catfish (Pelteobagrus fulvidraco) under the treatments of different dietary vitamin Dj levels (0(VDO),
1243(VD2), 22 700(VD20) IU/Kg) by RNA-seq technique. 83 265 unigenes were selected from the 305 568 982
raw reads. The average length was 845.38 nt and N50 was 1620 nt. 29 224 genes were annotated by using Blast
software. According to the results of gene ontology functional enrichment analysis, significant differently
expressed genes Were mainly distributed on the pathways like cellular process, metabolic pathways and biological
regulation. The results of KEGG pathway enrichment analysis showed that 1532 genes were involved in metabolic
pathway, in which the affected genes were the most. Dietary vitamin D treatment significantly affected the genes
expression. When compared with the control group (VDO vs VD2/VDO0 vs VD20), 380 genes were up-and down-
regulated in common, in which 266 genes were up-regulated and 114 genes were down--regulated. Among three
levels (VDO vs VD2 vs VD20), 21 genes were up-and down-regulated in common, including 4 genes up regulated
and 17 down-regulated. The results indicated that different dietary vitamin D; levels significantly affected the gene
expressions in intestine and kidney of yellow catfish. The information of the differentially expressed genes

provided evidences about the growth, metabolism and immunological response of yellow catfish.
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