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1%,;] %}:Ll,2,3 {%#123

(L VLHBRNFA BRI 4 5 E RN, 1195 mat 210014; 2. 24 FF g [ 5% 8 8 90 50 = 5 7 S h——7T 9%
BEMFRESE SRS, VLI At 2100145 3. AL FHAR 7 5 B A HR S bR TS A, IR Mo
210014)

WE . AHYIRLA P 5 BT R A% B IR R A S 0 V7 A4t L B8 P e o 1 St o o o D o A 26 < (R S LA A 4
BOBR AN . A A TR AR A SR AL TR P B A R B TEAE A0, AW 58 LR & S A s AR vE B bk ( PH-1) P RE SR T
B — A EE T H AR Mlumina Hiseq 2000 X5 J55 75 e T3 A $HL R R Ak 3B A R A SR A R A T =L O A, R AR
WG BT 22 F B FE R M T REMEA TR 5T, W] B 1 FH SE RS 58 8 Bt PCR(qRT-PCR) BiARRHB 43 K f 3 (R 4 7
I0HIF, Z5REWH , REFAERE LT 50 wg/mlBEESHEMCER 12 h )5, B 1 47740 KR k2 kA4 748k, H
FRIREEECE R 772 A4, LIEIEREE N 705 4>, X R RBH S S 2R R B A B R A i
ME TR 2 EE S 50U R S 7R, qRT-PCR WiF 5848 228 b 8 U825 5 556 2 A0 4 R — 3%
A7 3 i AR e 3 A SR I R S A B R A BR OR A IR TR 1 22 R R IRIE L i — 25 3R R A L
YEHIR) o3 F L A2 IR E PSR bR B A BERL
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Transcriptome analysis of Fusarium graminearum treated with thymol
based on high-throughput sequencing technology

GAO Tao"*? ,  SHI ,]ian-lrorlgl‘Z‘3

(1. Institute of Food Safety and Nuirition, Jiangsu Academy of Agriculture Science, Nanjing 210014, China; 2. Key Lab of Food Quality and Safety of
Jiangsu Province-State Key Laboratory Breeding Base, Nanjing 210014, China; 3. Key Laboratory of Control Technology and Standard for Agro-product
Safety and Quality, Ministry of Agriculture, Nanjing 210014, China)

Abstract: Thymol is a kind of phytochemicals, which has antifungal activity against Fusarium graminearum by de-
stroying the integrity of cell membrane. However, the specific targets of thymol are not known. In order to define the poten-
tial targets of thymol, a new generation of high-throughput sequencing technology Illumina Hiseq 2000 was used for tran-
scriptome sequencing of F. graminearum treated with thymol, and bioinformatic methods were used for gene function pre-

diction, then the expression of some important genes was monitored by quantitative RT-PCR (qRT-PCR). By transcriptome

sequencing, it was found that there were 1 477

s B HA:2017-06-12 differentially expressed genes including 705 up-regulated
BT H . BR AR AT H (21501692) and 772 down-regulated genes when F. graminearum
EE®I T (1988-) % JLARER N T, BB 01, %8 strain PH-1 was treated with thymol. These differentially

MEFHYIFBFBTTE , (E-mail) 18551694895@ 163. com expressed genes were involved in multiple metabolic path-

BIREE : LH, (Tel) 025-84391613; (E-mail ) jianrong63@ 126. com ways, indicating that the effect of thymol on F. graminea-
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rum was a coordination process. Expression of some genes validated by qRT- PCR was consistent with transcriptome analy-

sis. In this study, the second generation of high-throughput transcriptome sequencing technology was used to research the

related genes of F. graminearum treated with thymol, which provided theoretical foundation for revealing the molecular

mechanism of thymol.

Key words;

AR B A o ( Fusarium graminearum ) 5| A2 [
/INFZ AR S TSR R N T A Y —
T NEIREEINR A Z I R/ INZ D T I
SRR IC I Rl TS Y /N 22 RO S R
B B, 8 H i i AR T A T LLRT M A Fh AR (9 4t
PR DRI R /N2 AR B I BT R R
DAZR I IR 2 0 = e R 2R TR0 R i Ak 2 0 A 7
Biiva' ) BEE AR 2 A0 R A A T
oGtk H 5 27 seah K 2y
75 | B 1 v R P A B T BRI R N IS fe R 13 E AL
S S A7 i T I =13 QN e o4 1 N | D A O B e
/NIRRT L E L

JF A By (5-H BE-2- S N BRI ) il 44 E L,
SR PR RAR ARG iy, FE LT A B A R
B e E BE R L EER S E
T BA B E, B TR, BA 25 1 E,
HA X I G AR P I 5 R A 15 24 U A8
JEP . ARSI R SR AR P I
HN, A I AR IE R MR EEE
FZGY)E HLR) (FDA) &85 B 4 55 5 51 O £ 48
RN A R A v FE SR AR AR R I AR, B
K SRE8 S T 98 300 [ o A 4 B9 A A el g et
SR ) B AL B [ 43S Y 10 Fif
SRR IR I, A IIZ ) SO i T TR A T 22 4 K
B — & B E ], BT A B, B A R RE 8
Tk R 40 1% 5 2 e 3 3k 0 0 T A 1 DO
Gao %5V IFFT K PR, B 7 T 1) i 0% B R R A5 e A0 1
200 0 S %) S R A0 e o ) A A L A ey 1Y
BRI ALE w5 A B

B — S P EOR C 22 N H T sk
5T (B RNA-Seq) , HE G L5 1 FFE 2R
TS R B YT 04 T A T S AR 207 IR ] LA S 0 9
Jir AT e 7 JB A iy Ab B 2 S e R PR AR A A o 2
FEB ., RERSHMEERAFIIA 225 RKIK
FEPR A T A R — o TRUME, {H T AR5 1 3R 8 1547 .
FE 8 L 512 S R A e 8 T M0 30 o o, 98 42 1) 2 AL

Fusarium graminearum; thymol; transcriptome; high-throughput sequencing technology

PR, ASBIFSE A RNA-Seq $32 A o 55 7 B i b B Rl
Je B R AR IR0 P R A7 7 S LI ), 68 8 R A R A
M 7 B B 3 %) 7 250 R P, 3 3 %o 25 S Rk 3k
HiE4T GO Ml KEGG B A E 4341, W% s ik
S N B A L B VR i AR, 42 U8 BT A D I A
VEHTREAR , 0 Jo S0 o % 3 5 3 1)V B A0t 52
BRI F R 6

1Bk

1.1 iXgesy

PR TR . R R AR ER R PH-1,

P27 1 99. 5% 85 A FE Wy (P =, T e
FALT AR A3 5338 ) % T oK SRS 100
rng/L%)ﬁz ,4 °C PRAF 25 . ) & RNA simple J=s
RNA #2557 & ( KAR, DP419) F T H2HUE RNA,
Oligod (T) BEERIAF] & ( Wawasye , NA0101 ) FH F-4lifk
772 mRNA 3% 5% SR (Invitrogen , 18064014 ) H T
S mRNA 313 cDNA 5 — 4, FAST qPCR Kit
Master Mix (2X) ABI Prism" &7 & ( KAPA Biosys-
tems , KK4604 ) 5 B X5 DNA | TruSeq RNA Sample
Prepraton Kits ( lllumina , RS-122-2001) F T il £
RNA ¥ 3% , Agencourt AMPure XP ( BECKMAN,
A63881) FH Tl J3 SC I il £ R v (R 24k, FlashGel
DNA Cassette 2.2%, 12 + lwell, single tier ( Lonza,
57023 ) FHFAI S R /NI 4E S, PrimeSeript TM
RT [k 7 & (TaKaRa ,DRRO37A) JI T RNA J
H:H ¢cDNA, SYBR © Premix Ex Tag™ 11 ( TaKaRa,
DRR820A) TR 7% 2 | PCR,
1.2 KwA*E
1.2.1 RNA 28 WA R4 He il 18 1 22, L) 50
e/ mlBFAF B AL B 12 h AR AT i TR B B 22 R b HE
21, DA T BS A5 2 9y Ak PP R A R 100 P T 22 O X TR
., HIETE RNA 48 B0l & 3 HUX 2 MEAR 1R
AAHRIELTE RNA , 28 LUK R 5 F st 58 A o3 e e
11 ( Thermo , NanoDrop 1 000 ) K& e B Finafi i
1.2.2 M L EMHELAF PRI S RNA



B PR R T I I BOR S BT  A  BAL R A R T S e SR 2R R AR AL 1259

J&i T Oligod (T) BRI &4 mRNA HE17T43 55,
2Bk DNA, BifiJ5 76 i A5 40, R Z 0 BH B
(Mg™ ) # mRNA FTWiLIEEER/NAE I H 9 R B,
o PR 20 2 S g AR 22 1 B — 2B B R R AR R R
PMIFER M FTWT 0 mRNA 254 SEIE 8 cDNA 55—
e BEJE LASE—4E cDNA SHBH AR % 1 g s
) SN A 2RI SRR T, A US4 DNA, AR R
VPSS =2 S SR SN B R R R & A
SV R P o I Sk A R RUsE <DNA 147 K I 18
1 PCREREGZREERF

Table 1 PCR reaction system and reaction program

O3RN A RSk DR SR Ak, B RO
2E A AR Al Agencourt AMPure XP 51 & i
frafifk,

i FH Qubit © 2.0 et E B AL ( Invitrogen,,
(032872) , Qubit™ dsDNA HS Assay Kits ( Invitrogen
Q32851 ) 151 5 G I SC P Bk BE , oK A ST EE R
WG — P82 2] 2 nmol/L, FlashGel Dock % 4t 4t
A FlashGel DNA Cassette £ Jlll 3C % (%) /N4l B
B 5 8 Tlumina HiSeqTM 2000 3 5 A3 47T

I %l R(pl) PCR W& F
S mRNA 17.0 25 %C, 10 min; 42 °C, 50 min;
First Strand Master Mix( FSM) 7.0 70 °C, 15 min; 4 CIR_TF
Superscript 11 1.0
Wb First Strand ¢<DNA 25.0 16C, 1h
Second Strand Master Mix 25.0
=L ds ¢cDNA 50.0 30 °C, 30 min
Resuspension Buffer 10.0
End Repair Mix 40.0
EHIER A-Tailing Control 2.5 37 °C, 30 min
A-Tailing Mix 12.5
End Repaired DNA 15.0
EiEik 7 Adenylate 3'Ends DNA 30.0 30 °C, 10 min
DNA Ligase Mix 2.5
Resuspension Buffer 2.5
RNA Adapter Index( ARO0O1-AR012) Mix 2.5
Evav. 3 PCR Primer Cocktail 5.0 98 °C, 30 s;15 MEHR: 98 C, 10s; 60 C, 30 s;
PCR Master Mix 25.0 72C, 30 s; 72 C, 5 min; 4 CIRAF
Adaptor Ligated DNA 20.0
J 5 PCR 5 x PrimeSeript™ Buffer 2.0 37 °C, 15 min; 85 C, 5 s 4 CIR-AFF
PrimeSeript™ RT Enzyme Mix I 0.5
Oligo dT Primer (50 wmol/L) 0.5
Random 6 mers (100 wmol/L) 0.5
total RNA 2.0
RNase Free dH,0 4.5
SR S SYBR © Premix Ex Tag™ II 12.5 95 °C, 30 s;
PCR Forward Primer 1.0 40 MEF . 95 °C, 555 60 °C, 30 s;
PCR Reverse Primer 1.0 STEIBTEL95 C, 1555 60 C, 3055 95°C, 155
¢cDNA 2.0
dH,0 8.5
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1.2.3  Sdmehidie a 28 KT A i G 2
P& raw reads o¥ raw data FE1T B (QC) i€, 25 RN
T (1) ZBRE adaptor 1Y reads; (2) LFR& N(Fn
ToEE E IR B LB KT 10% ) reads; (3) &
FRAE T i reads (i {H Q < 10 AOHRIEER &3>
read 1 50% L 1) , 73 B A %A Clean reads FH T /5
2248, BEJE A A Trinity (version 2. 0. 6) 34 (=
BEE : Trinity. pl --seqType fq --JM 50G --left reads_
1. fq --right reads_2. fq --SS_lib_type FR-output tran-
scriptome_tissue --CPU 24 --jaccard_clip --inchworm_
cpu 24 --group_pairs_distance 500 --bflyCPU 24) X it
530 Clean reads HEAT PR AL %% | 3 i ¥ 51 2 [7]
H overlap 15 B 412515 2§ S 8 ( Contig) , ZR 5 LAXL
i A S A B (paired-end reads) , L XTEL IS %
FPONARAT B Al 7 PH-1 JE R 2H ( ASM24013v3https://
www. ncbi. nlm. nih. gov/assembly/GCF _000240135. 3)
HEATHIE , R AT #U SRE DR (unigenes) !

1.2.4 IiiEH sEhRMtEE>H KH
¥ 30 b 6 4 7 2 6 Unigene #4757 51 AH A 1M 43
Br, 18 BLASTP ¥ $f #: 15 2| 1Y Unigene (Ff #
M v 51 2 B A Y 51) 5 NCBT R H 5 R
JESEAT T (EH < 1x107) , 3% B 4 10 Th fig
R & H BB R A NCBI AR ITT AR IR
Y% 2 ( Non-redundant protein database, Nr) #ll
SwissProt £ 15T 5 71 U4l )5 . MR 45 NCBI 4
FEW ) e VE B AR B, 1 Blast2 GO #AF (ver-
sion 2.8.0) ( %% H :java --jar blast2go. jar --in
alignment_result. xml --a --v --out annot_result) 5
F] Unigene f4J GO ( Gene Ontology) & H , 2R J5 F
WEGO # 4 ( http://wego. genomics. org. cn/cgi-
bin/wego/index. pl) %} flf 5 #) Unigene # 17 GO
ey 28422 R e Xt Unigene 43 5] # 17
B &R R U 2848 E ( Eukaryotic Orthologous
Groups of Proteins, KOG ) ( http://www. ncbi.
nlm.nih.gov/COG) T BE 43 26 Fl 4R ot KL N 55 5k 4
2H A B4 4 ( Kyoto encyclopedia of genes and ge-
nomes, KEGG) (http://www. kegg. jp/) X 8} i&
G T

1.2.5 24 AR F&  HEF LK@ T

RSEM X {4 ( http://deweylab. biostat. wisc. edu/
rsem/README. html #usage) 7158 FPKM (& 1 B
JiA~ map [ 1 reads H map F 4B F 098 1x
103483 [ Y reads ~80) o XF 2 N FEAR B 3
N 32 ik 47 22 S 00 B, B 7 4R Hh R AR ) 22 5 3R
ik 1) 3 A ( Differentially expressed genes, DEGs) ,
JE X 22 S ¢ 38 5 DR MORS 22 BT A B9 B BB 4E
a3 AT AE X BORE S B OF ¥ R 3k & Control-
avg, A0 FRAE i Th A 2 K GK i Treat-avg, 19 21
BN 22 G TR AN M=1g2[ (Con-
trol-avg) / (Treat-avg) |, M2E R EH =2 )

o o 7 18 22 S R RN
1.2.6 %% %2 % PCR(qRT-PCR) 43 Jil#2 B
AL PR FNXT BEZH 19 R 25 8l /8 B RNA, | ] TaKaRa

PrimeScript TM RT 12071 & S %% sk 5 31| ¢DNA | 5%
R T AR WL 1, LA cDNA b kA7 52 i
PCR N, E AR R SRR IF W3 1, B 514 W3R
2. PR RAEREIE L) GAPDH IR (45 FG06257.
1) #E A7 8 v, B A9 3 A A XF 26 3k 7K 7 R
ABI7500 SDS ZrHr A i, B 4 A
2T IR ER 3 K,

2 HERE M

2.1 HRABEHFHEREREE

S H] Tlumina HiSeq 2000 7 3 & i 15 4% A %
TR Gle 400 T X A2 (PH-1) DL K% % 7 o 1 Ak B 41
(Thymol ) % AL HEATIN 7 , R A5 X A2 PH-1 LA
20 1Y clean reads 44 690 272, 29 /5 A reads EX A
98. 4% ; FR13 B & 5 ( Thymol ) b BEZH PH-1 3 [H
411 clean reads H44 477 690, 2y 5 &L reads £ 1Y
97.93% , ¥4 clean reads 5 k2% ¥4 47 He
XF, Gt reads 58— A2 5 5 L X 4
e 3 iR PH-1 FEAI T 52 J5 1Y clean reads H
i 89. 08%fig b Xf &% FEH 41 ,10. 92% [ clean
reads 2 B HX 2168 B 79 36 PR 5 Thymol A7 I 7 5¢
JG 1Y clean reads "1 IT 88. 349% W[ Lt X} F| S % KA
20 ,11. 66% | J¥ 5¢ J5 1Y clean reads 7 fig b X 2] X
JOE PR3 PR L o 45 2R 100 B AS U e 1 0 B B
IS A S TR 53T
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Table 2 Primers used in this study

FEH 1D

LG (5'-3")

TSI (53"

FGSG_07589
FGSG_02231
FGSG_04693
FGSG_03219
FGSG_13887
FGSG_07177
FGSG_04092
FGSG_05740
FGSG_03686
FGSG_13888
FGSG_01000
FGSG_02502
FGSG_04994
FGSG_11024
FGSG_01959
FGSG_04731
FGSG_01526
FGSG_01388
FGSG_03882

FGSG_06257

CAAGATCCTACCACAGCAGAAG

CCATTGTTGTCGAGGCTATCA

GTGGACACGCCTGGATATTT

CTGGTGCAATCCTGCAAATC

TGGGAATACAAGATGGCAGAG

CTTCCAACGAGAGCAGTTACA

GCCAGCACTCTTCATCTTCT

CAGGAGAGAACCGACAACTATG

CAGCAAGTGAAGCAAACAAGAG

GAAAGTTGTCCAAGGGAGAGAT

CACCTTTATCCTCCTCGGAAAG

CACCTTTATCCTCCTCGGAAAG

CCGCGCTCTCGTATTACTTT

ATCGTCCACCCGTTGTATTC

GACCATCTTCACCTTCCTCTTC

GCTCGGAGTACTTGGCTTATTT

CGACACTGCATCGGGTAAA

CAGCACTCGTGCAATCAAATC

ACCGCCACACACACTATAAC

CTTACTGCCTCCACCAACTG

CTTCTGGATACCAGGCAGATTAG

GGCCTTGTAGTTGCGGATAA

GAAATGGGAGGACGAAAGAGTAG

GCGCAACAGCCCAATAATAC

TGCGCATGAGAGTGTGATATAG

GCAAGGATAGAGGAGGAGATAGA

CCTGGTAGAGTTCTTCGGTAATG

CGCAAAGCGACAGAAATGAA

GCGAGATGTAGTCACCAAAGAA

TCGGTAAAGTTGGCGACATAG

CTCAGCACACACATCCTTGA

CTCAGCACACACATCCTTGA

CGAAGAAACTGGACTGGATCTC

AGCAGTCGCCGTATTTATCTC

CGGATCTTGATGTTCTCCTCTC

CTCTGGTCTGGGTTCGATAAAC

CCGTCAAATCCCTTCTGGATAG

GAATGTCTACGGTGAGTCTTGG

CACAGCTCCTTTGGAGTAGAAG

TGACGTTGGAAGGAGCGAAG

£3 HRFIERSHEAESEERALI ST

Table 3 Sequence comparison of samples against F. graminearum

reference genome

Read 4335

TR A L 1)

Xt BRAEAR AhFREA

reads [T 1475151

44 690 272 44 477 690

Clean reads %05 & reads $(1t (%) 98. 40 97.93
VERE b LRI 4 A 5 reads L6 (%) 89. 08 88.34
SEAR VLI FIELL (%) 72.81 71.97
HETRBUNTFIFET 2 19 reads $UH(%) 16.27 16.37
RV BC Y TSR (%) 88. 88 87.94
ZA RV T A B (% ) 0.20 0. 40
RICHL B reads JEFIETH (%) 10. 92 11. 66
2.2 BEEMLERNERKRIEERSHR
S3HTXF B AR 5 Ab B AL RE S 0 B Sk A 2

S KIS FDR (H<0.001 H 2 S5 5K
T2 ERREBEF, K 50 ng/mlBF 7 & B
A BEOR AR A B 5, SRR I B 1 4774 L K 9 Rk
WA T WA, R TR EREECH R 772 4,
EPREERAECN 705 (K TA) . RiIKEARTES
AP B 36 R 22 S 32 R B TR BB 96. 07%
Hrp Rk B2 1.0~2.0 Ry 3 5 A5
65.75%, b W H 5 33.18%, T A A &
32.57% ; Feik B ARAL 2.1~5. 0 R A G S 80
30.34%, b B 5 13.41%, F & AW
16.93%, Fikw1E 5 UL LR ILAE 58 4, H
ORISR 17 A, FIEEE 41 A~ (E1B) . ML
M5, B A e I Ak PR A3 10 18 )5, 838 i AR b 7
5 A5 LAY bR 3 5 T R 3 R B A Y TR
R EAREAE 5 A5 LA A PR R R 3 PR 4 B
f= e 1B PSR 6
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Fig.1 Distribution and statistical analysis of differentially expressed genes treated with thymol
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WML 2R BB R B B e TORE A A QAR5 51 St A
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0 abcdef ghijklImnopgqrstuvwzxy zalblcldlelflglhliljl

l 'l | l
G/ ESurE B4 53 T HIkE

a: AEWITT by AIMIBET o0 AMIANT d: AAEHERE e AR RCHERE f: ANMIE L ;g R AR  h: 2NN HERE i ZANENLIAERE; ).
ARG k. AEWHERR IE R 1 AR BERR AR sy BA i LU 00 (R 5165 p: RS A VURBERE g 4IEH ;. dHHE5H
Wa¥ss: KOFUG ;. QMM u. ANREMERH B PP E 1R v, AAEIRAL 20 5w, IR x. AUIEERALISr; v, DUAARIGYE 2. AUIBLE G ;al ML
Wbl BT el . BEREETRTE  d1 . SRR BT RRSCHA N el . 7 THOSIRVE f1 . BIRES B H R H TR E ol HIRMHAATE 1
hi. 8 A S A A I i ZIRGS ATV 1. Fas ik,

B2 BEERLERERREEEN GO 5%

Fig.2 GO categories of differentially expressed genes treated with thymol

24 ERRIAEEFH Pathway BEMHEE LI

X 25 52 Ik B ) Pathway i 35 PE & 52 047,
REfE B HE—25 T L A DG E )2 A D) BE . A
AR FRA AR i 5 6 R AR 5 1Y) Pathway [ 35 PE & 4,
KMEFFRFEFDATE 95 Mstth, HE4
I 20 A9 Ik 25 1 22 S R FE P B AR IR AR AN 3R 4 R,
XL S RIR I N 32 W SR A AR AR s AR
FERR AT BHEERE ABC iz 8 11 e N IR QI A%
2.5 HEERHERREIEASH

M5 S 22 K FE Y Pathway W38 M & A0 07

R, B R AL IS AR SR 2 R
BERIERIR R A7 . TR 2 R RT BRI h &2 9, B
T B I BE A WO AR A e 60 7 200 ML 179 5 k| 1 T 3
FIMBEAVER" o A A0 AT R 1Y T B2 50 27 A £
P& ( Exgosterol ) , T X T~ 4 47 EL T 20 it B %) 3t 8 1 | 5%
VR R B ) — S R 1 ) e 1Y R AT R AR
R R 2 B B AL RS A7 16 465
P A R DG R SRR B 22 S b R ak it i
PR 6 4>, Rk P RA 10 4>, HZE R %R
IREERI R AR S T R IR (3R 5) .
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x4 BEEMPEEESRIEZERSEREHZE 20 & Pathway
%8B
Table 4 Top 20 enrichment degree pathways of differentially ex-

pressed genes under the treatment of thgmol

s e
R 284 (36.69%) ko01100
WA A L 135 (17.44%) ko01110
ik S R AR 30 (3.88%) k000350
SBT3 27 (3.49%) k000520
TR R 27 (3.49%) k000650
R Wi R AT 26 (3.36%) k00071
R 25 (3.23%) k000380
WA 24 (2.70%) k000010
AR 20 (2.58%) k000910
AR, 7S AR S E R 19 (2.45%) k000280
&M, 22 20 M 2R 19 (2.45%) k000260
RERI i i) 18 (2.33%) k000564
IR AR 18 (2.33%) k000230
AR , KA RS 2R 17 (2.20%) k000250
HBer i 17 (2.20%) k000680
ABC #iz8HH 17 (2.20%) k002010
A 16 (2.07%) ko00640
S AR L 16 (2.07%) k000100
PR R A 15 (1.94%) k000620

®5 BEEMLERYSEERHERREER
Table 5  Expression level of sterol metabolism genes under the

treatment of thymol

A 12 Ml
FGSG_07589 2.818 553 129
FGSG_04693 2.215 411 745
FGSG_02231 1.693 200 002
FGSG_03219 1.623 457 601

FGSG_13887 1.327 995 642

FGSG_07177 1.190 188 070
FGSG_04092 -6.577 719 313
FGSG_05740 -5.446 063 123
FGSG_03686 —5.403 548 744

FGSG_13888
FGSG_01000
FGSG_02502
FGSG_04994

-3.353 771 553
-2.860 567 847
-2.237 181 534
-2.086 342 823

FGSG_11024 -1.955 092 839
FGSG_01959 —-1.486 080 474
FGSG_04731 -1.297 604 842

2.6 ERFIZEER qRT- PCR 7317

Xt S EESAR Y 16 125 5 R I IEAT RT-
PCR BAIE, IR AR GAPDH N2, HE 3 Af
HI1,3X 16 ADHEPIFE A B B A LS e AN RE S 1) 2
ik, R4 qRT- PCR WS8R Fik 22 S S b ik
SRR FRIE 25 RAREOR — 2 (A e 75 S 2RA A2 ik
AR, DA R R 1 T 25 R T 5E Y

3 17 8

— B, 259 4 F T LURE SRS A AR
NI SES A W4 T e SE R o 2 F T 2 T
SE YPRERR Y BT 2R R A A 4
BETRIZE 7 50 i a] R A Aol 5 DR el B A T 9 R 1R
IRESE SRS A I T RZ —, (B2, H%
AT B 22 1) A e W T v AR 0 5 AT 7% T 5]
(O FHRE AR | T Jirt P sy 200 e 1 T ) gl A i 114
FAOCHERIFE— 2B WF 5T, A WA v i) 2 Spe 2HD K R A
MG (5 B 5 AW ae i & 45 B 2k
S XS B 5T H AT 42 0 T AR A
58 B WT SR A S e, d R — s i
DA e Sy Ay BB 4 T PR b AR — o
FiE HAVIER B AR IR T B LT BT A e s
YME R, oA RE TR &R, ADF
GER ] el i 5 S ZH I PF- 5 Mlumina Hiseq 2000,
XT3 7 T AL FHE R oA AL BHRL ) R A Sl A0 TR e SR AL 1A T
D FNDIBE AT, 2 AN J5 1Y clean reads 344
80% LA FREWS 527 P H AT L RS, 65 A1 KOG |
GO, KEGG S5HdJs i R AEAS v 14 22 S 38 I8 B PR iR AT
DIRETN , qRT-PCR 30345 5 v 5 W26 22 S R GA 5L
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Fig.3 Validation of differentially expressed genes by qRT-PCR
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