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Transcriptome Analysis of Wheat Leaves
Infected by Puccinia triticina
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Abstract: In order to shed light the transcriptional reprograming of wheat upon Puccinia triticina
infection, the wheat near isogenic line TcLr26 ( incompatible, resistance ) and its recurrent parent Thatcher ( Tc )
( compatible, susceptibility ) were inoculated by physiological race 260, and then harvested for RNA-seq analysis
using HiSeq™ 2000 high-throughput sequencing technology. The assembled transcripts were subjected to analyze
COG, GO and KEGG classification and functional annotation, pathway annotation and in silico prediction of
coding genes. Total 87291 Unigenes were obtained after de novo assembly, with an average length of 866 bp. The
functional clustering analysis revealed 25 COG classifications, 55 GO functional subclasses and 128 KEGG paths.
By analyzing the differentially expressed genes ( DEGs ) between compatible and incompatible combinations,
a total of 4037 up-regulated and 1949 down-regulated Unigenes were identified at 8 h, and 2122 up-regulated
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and 3248 down-regulated Unigenes were identified at 24 h. The genes, which residue to the calcium signaling

pathway, active oxygen burst and SA signaling pathway, were found to be differentially expressed at different

time point. The DEGs at 8 h and 24 h after inoculation were assumed to be closely related to the induction of

basic defense response and Lr26-mediated HR defense response, respectively. Taken together, the generated

datasets would be useful for further analysis and evaluation of wheat resistance related genes against Puccinia

triticina.

Key words: wheat; Puccinia triticina ; transcriptome

JINAZ WA i S thE R b 53 A 3 TR e ) 1Y) L TR
e [l 2 R IR B N A P I R R
%9 FE B /N2 M55 B ( Puccinia triticinia ) 1= 4% 5|
A VAT T 3 ™ s B i B A
BRAURAE W , G A INE A /N i i & R
AT, ARV e o1l OE R faF . B4 b
Bl IA R ILACER (05 YL IR, AR 2 4 () 4 4
S TR BTG PR RGN, PR e B P45 /A2 A
WATEA BRI B VBRI K, 18
HEBT R R Bt b B N, S Puis & FhorRE T
BRI RR

7 S0 T ( RNA-Seq ) 24538 1o — 1 38
SRR, WA i B BT RNA SR A B s 4
AT BRI T, R S8 3t AH OC R BB 330 H A []
mRNA 19335 &, I & UL S K F 17 SNP, BT 1)
B SEARSE . RNA-seq FEAR I RHUBIR T , A5 AR R
AW AR 22 R R A A T Rk
(1 % JB >0, AR /N A5 SRV A T A YR A
SR /N RN AR A i ) VA J5 A T I 2 s 22 53T L i
W MR R T RS9 T AR e 5 10 /N2 R 3k
IBHRIED R B IA B T 55 108 B E 0 S
PRI, Z TP SR RIS A S A i K
PR A B . B R E i R T 4%
BRI & Yr26 SE B S5 N R /N il T
SR LU E R T 14449 A1 35 22 55 KGR 1
DA, Hrh oK b R 38 B A5 OE , TT JA TE B R
BRI A, 3 1 i S I B A R A
TR R B A P S R R
Jir R iR 0 2R B I T FH AL AT T 4R
fo Ma 2515 s SRR A5 E) 5 AN rh 3R
S0 2 S I8 A e AR R T IR S X 5 AN S
P TAE MR AR ER 1 5 308 o B S 2y 2 BN A A
TR2AMHT ARRAE KT ERE AT 401
BE L B P A 2 1 B A B B AR T B
T, 32 FH 2 Sk 4 00 7 XA 0 1K A= 4 36 355 RN A
W PG A TS C A AR ) D) RE S I 5%

G — Ty

A PR A K /N B T AR e 1 A3
FHLHIGE . TE/ N S-SRI E M EAE, 78
RYL A AL AT 3 A0 B A A AR e e ) v (HR,
hypersensitive reaction ) > KT M55 & A 4= YL F1 9~
Ji&, I H HR [ % A 252 B M bl g7
IS AR YL R R 2 A OGRS I, 25 1 i
HHRAE /NS S 8 h 24y i i 45 1
TV B A L AL T v 2, 2 32 9 AL AT RALA
FEL 174 210} 55 P 55 T 2 fll, okt s S0 07 R SR Al 7 T2
FNE Y SR 5 5 2 IR AE R S 24 h A2
A7, BE B 555 T I i # BJ: 248 i ( HMC, haustorial
mother cell ) FIU 2%, W 25 B BN P 5 P R FE
PR A B T B (ETI, effector triggered
immunity )", W IR 55 R RE 4 i ) A
A A HR' L PRI, P/ 5 4 T AR
TR 2 A I S5 2 %) R R R PR R AR X 48 75 /)N
ZPUM AL EA 2R S, A R AR T 4 R
B AR S TR T B B hU 5 B i A 2
FE B
1 #R5RE*®
1.1 RIeRr Rt

A B A YA BHE /N ot 45 i S B &
TeLr26 5 HAS M 3£ Thatcher ( Tc ), M-85 B 16 A=
FE/NFP 260, 260 5 TeLr26 F1 Te 43 51 4 5 A~ 3 il
A MoEMA A, 757 Hi& T, TeLr26 47 14
1 FLit 58 4 R ST B, 1 FH 26 48 e U455 o A 2L/
il 260 B A EIEW , o IR IRTE R 1L AR
Jo BT ORNEAE P RS R 12~16 h, TS ARG SR &
WURZER T o iR SR B RGREE 23 °C /20 C,
Jt B ] 14 h/d, H O B R AT RESE, O BRSR R
400 W/m’, FEAEHERN)E 0 h,8 h,24 h, 251 87 B g
Pl (291 g ) B TR AR, P88 -80 CI&
FE#5 o TeLr26 ¥ it 43 3 iy 45 24 L-0, L-8 . L-24;
Te Mol 444 T-0, T-8, T-24,



4 3

XA B TR UL /INAE I 1 e SR AL S A 993

1.2 cDNA X EERIHgi K Fe R AN FF

5 5T A RE i RNA Hh A2 RS [ 4, 3R 18
i) RNA 3 35 Illumina HiSeq ™ 2000 1 ¢ 1% i 47
B HE o UF FAS 1Y B 4G B (raw reads ) 28
it it UE, 75 2 4l 7 B (clean reads ), 4 ¥ Bt
2% “Trinity” X417 de novo M k& i, 15 2
Unigenes,
1.3 Unigenes IhREEREFN 2

P PHEAF 2 Unigenes 11 BlastX ( E-value <
1x 107 ) k¥ 5 Nr (NCBI HEITAY 8 11, NCBI non-
redundant protein ) (¥ % . Swiss-Prot ( ¥+ 2 1 ¥
%], Swiss-Prot protein sequence ) #(#i/%E . KEGG ( 5
R N 5 5 41 H BE4 45 Kyoto encyclopedia of
genes and genomes ) 5 £ . COG (£ H H &[] JR R

2%, clusters of orthologous groups of proteins ) % #

®1 ZMRAEEE PCREY
Table 1 Primers used for RT-qPCR analysis
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E5Y (5 —3")

Forward primer (5’ — 3" )

KRG (5" —3")

Reverse primer (5’ — 3’ )

CL3239.Contigl_All

CL9862.Contig3_All CCTCTACTGGTTCTACGACT
CL1243.Contig2_All GTGGTATACAAGGTTGCTGA
CL11079.Contig2_All TATCACTTCACGGACCGAGT
Unigenel8912_All

CATATTCGGCAACCAGTTCG
GAPDH

CTGCATCATACGATGACATC

TCACCCCAAAGATAGGCACAC

TCTTGCCTATCGTGTCCTGT
GGGAGGAACAAAGCTAGATC
TTCTCCTCTTCCAGACAAGA
GCTCGAGGCTCCTGTTCTAT
CGATCTTCTTGATTGCCACC
TGTCACCGACAAAGTCAGTG
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x2 o MEHRMABRXRREST
Table 2 Statistical analysis of the assembly quality in six
wheat samples

Bl BEE ) THIRE

Total (bp) N50

Sample number Total length Mean length

L-0 75031 42571330 567 928
L-8 73216 43766222 598 1021
L-24 75630 46042641 609 1032
T-0 65692 37123349 565 941
T-8 70812 41095091 580 957
T-24 75870 44117218 581 960
Bt 87291 75614264 866 1344

Total
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COG function class

A:RNA TR ; B: Yo REE I RIZh J1 2% ; C: bl = 5%
s D: R, A0 S0 2L, Je (AR OY X B B RIS H A AR
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O: FIFR M, &5 I8 F1 0> FAR ;s P2 JCHLEg sk M Q:
YRR ) 9 4= 005 10, i Fn A QI 5 R AL — R RE T 5 S« R
FIORE; T AR S FHLH]; U SIS 4, /- W28 is s v . Bt
BLE s W e BRSNS ; Y« AZTRESHE ; Z: 2R A4

A: RNA processing and modification, B: Chromatin structure and
dynamics, C: Energy production and conversion, D: Cell cycle
control, cell division, chromosome partitioning, E: Amino acid transport
and metabolism, F: Nucleotide transport and metabolism, G: Carbohydrate
transport and metabolism, H: Coenzyme transport and metabolism,
I: Lipid transport and metabolism, J: Translation, ribosomal structure
and biogenesis, K: Transcription, L: Replication, recombination and
repair, M: Cell wall/membrane/envelope biogenesis, N: Cell motility, O:
Posttranslational modification, protein turnover, chaperones, P: Inorganic
ion transport and metabolism, Q: Secondary metabo?lites biosynthesis,
transport and catabolism, R: General function prediction only, S:
Function unknown, T: Signal transduction mechanisms, U: Intracellular
trafficking, secretion , and vesicular transport, V : Defense mechanisms, W :
Extracellular structure, Y : Nuclear structure, Z: Cytoskeleton

B 1 NEEFAECOG EETER
Fig.1 The functional classification using clusters of
orthologous groups ( COG )
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L AWK s 22 AR s 3 AR A2 AE 5 s 4 AT A s 5 R B RR; 6: AR 7 SIE RGE AR 8 5 9: a5 10: AR e
11: ZH AL 12 ZI0A PG ; 13 AP R O 5 14 LR FRIE IR 15 AW BRRHE 5 16 AR50 ; 17 AEFH AR 5 18 NI
SURL; 19: TTHEEAR; 20 (F5 5T 21 Al B ; 22 EAE Nz ; 23 AT 24 ANAIIESE; 25 ANMIETAF; 26 ANMIAMEIT; 27 U412
B Sy 5 28 : AN X I s 29 AHAEAMKIRTR S35 30: KAFTHZEW: 31 I 32, [REEGHT 5 33 JETRIT; 34 BRI 35 dlifitl &% 36 AHfLA:
T3 37 BHGICIEM s 38: WRTEIAR ; 39 FHTEMATRI 5 40 HUEMITTE; 41: 985 5 42 MEALIEE 43 BJRAERIEYE; 44 43 TR IR 45 4R
GEBTSEIN TG TE ; 46 S50 Tk 47 BAGEEH RN TI61E; 48 Bz ihivh; 49, BTG E; 50 2RI 51, i THamE; 52 %
FIARES 5 532 B FREIG M 54 BRI 55 & I8 G 14

1: Biological adhesion, 2: Biological regulation, 3: Cellular component organization or biogenesis, 4: Cellular process, 5: Developmental process,
6: Growth, 7: Immune system process, 8: Localization, 9: Locomotion, 10: Metabolic process, 11: Multicellular organismal process, 12 :
Multiorganism process, 13 : Negative regulation of biological process, 14: Positive regulation of biological process, 15: Regulation of biological
process, 16: Reproduction, 17: Reproductive process, 18: Response to stimulus, 19: Rhythmic process, 20: Signaling, 21 : Single-organism
process, 22 : Establishment of localization, 23: Cell, 24: Cell junction, 25: Cell part, 26: Extracellular matrix, 27: Extracellular matrix part, 28:
Extracellular region, 29: Extracellular region part, 30: Macromolecular complex, 31: Membrane, 32: Membrane-enclosed lumen, 33 : Membrane
part, 34: Nucleoid, 35: Organelle, 36: Organelle part, 37: Synapse, 38: Virion, 39: Virion part, 40: Antioxidant activity, 41 : Binding, 42 : Catalytic
ac-tivity, 43 : Metallochaperone activity, 44 : Molecular transducer activity, 45: Nucleic acid binding transcription factor activity, 46: Structural
molecule activity, 47: Protein binding transcription factor activity, 48: Transporter activity, 49: Enzyme regulator activity, 50: Receptor activity,
51: Electron carrier activity, 52: Protein tag, 53 : Nutrient reservoir activity, 54: Translation regulator activity, 55: Channel regulator activity

E2 GO IhEeEE
Fig.2 The functional annotation using GO analysis

% 3 Unigene IEZR S 15 £FHRGHERE
Table 3 The metabolic pathways with top 15 number of Unigene

&Iz Unigene % it Unigene F 70t (%) D
Pathway Number of Unigene Perecent of Unigene

fRift84% Metabolic pathway 13357 36.06 ko01100
RNA #%iz RNA transport 7432 20.07 ko03013
mRNA Wi li%4% mRNA surveillance pathway 6351 17.15 ko03015
PI7E T Endocytosis 5414 14.62 ko04144
N 1R Glycerophospholipid metabolism 5277 14.25 k000564
Bk fi T i4f Ether lipid metabolism 5031 13.58 k000565
WAARIR T 4 95 il Biosynth esis of secondary metabolites 4534 12.24 ko01110
F#4Y) - W54 HAE Plant-pathogen interaction 3240 8.75 k004626
BTHEIR Spliceosome 2157 5.82 k003040
TP Z (55 %% % Plant hormone signal transduction 2002 5.41 k004075
IEEAR i) Purine metabolism 1734 4.68 k000230
EE(CI} Pyrimidine metabolism 1679 453 k000240
TEM RN Starch and sucrose metabolism 1635 4.41 k000500
RNA 41 RNA polymerase 1347 3.64 k003020

PR BT PR ER A1 4% 1k Pentose and glucuronate interconversions 1287 3.47 k000040
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Fig.3 Plant-pathogen interaction pathway
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Fig. 4 Statistics of differentially expressed genes
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B 6 RT-qPCR WiIEFHHERKIEZER
Fig.6 RT-qPCR analysis of selected differentially expressed genes
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