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Expression Profile of Landrace Hongyoumai Infected by Blumeria graminis f.
sp. tritici Using Gene Microarray
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Abstract: Wheat landrace Hongyoumai carries one dominant resistance gene for powdery mildew (Blumeria graminis), tenta-
tively designated Pmhym. To further elucidate molecular mechanism of the resistance to powdery mildew in Hongyoumai, a resis-
tant pool was constructed with four homogenous resistant lines from the F; generation of Yumai 13/Hongyoumai. The wheat seed-
lings were inoculated with single spore isolates of B. graminis f. sp. tritici, and at 0 and 24 h after inoculation the gene expression
profile was analyzed using Affymetrix wheat microarray. There were approximately 5 282 expressed genes (with log ratio = 2
or = 0.5) among total 61 127 genes set in the microarray plate, including 2 553 up-regulated and 2 729 down-regulated genes or
expressed sequence Tags (ESTs). In the up-regulated ESTs whose functions have been known, 39.81% were disease/defense genes.
In the down-regulated ESTs, energy genes and disease/defense genes accounted for 26.71% and 19.65%, respectively. A total of
81 ESTs were up-regulated more than eight times, in which most were related to disease resistance, such as pathogenesis-related
protein, defense genes, genes producing or eliminating reactive oxygen species, and genes involved in signal transduction. Quan-
titative RT-PCR (qRT-PCR) was carried out with 13 probe sets up-regulated and down-regulated more than eight times which
validated a good reproducibility of microarray analysis.
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Table 1 Primers used in Real time quantitative RT-PCR analysis

Probe set Putative function Primer sequence(5'-3")
Y 049040 18S rRNA F: CTGAGAAACGGCTACCACAT
R: CCCAAGGTCCAACTACGAG
Ta.21342.1.S1_x_at Chitinase 3 F: GCCGTTCGCATAGTCAATC

Ta.25666.1.A1_at

Ta.9226.1.S1 at

Ta.169.1.S1 x at

Ta.25053.1.51_at

Ta.28233.1.S1_at

Ta.28224.2.81 x_at

TaAffx.27263.1.S1 at

TaAffx.120874.1.S1 x_at

Ta.13242.2.81 x at

Ta.11386.2.S1 a_at

Ta.2383.2.51 x_at

Ta.881.1.S1_at

MAP kinase homolog

Pathogenesis-related protein 4

Germin-like protein

Thaumatin-like protein
Glutathione-S-transferase

Cyc07

Vacuolar proton-inorganic pyrophosphatase
23 kDa oxygen evolving protein of photosystem II
Cdpk1 protein

Ascorbate peroxidase

HSP80

Cytosolic glyceraldehyde-3-phosphate dehydrogenase GAPDH

R: CGCACCATTATTCGCTTGT

F: CACTGGGTCGTGACACTTCT
R: CCTCCTCTTCCTTGTATGCTG

F: ACGGGATGCTGCCTTGTA
R: GATAACCCGTTTGGTCTTTTC

F: ACGAGCACAAACAGAAATAGGA
R: GAAGGAAGGAAGAGGAGGATG

F: GACGACCAGACCAGCACCT
R: CCTTGTTCCTTATTGATCCCA

F: TGTCGTTGGTGCTGGTCT
R: GTGTCCCTGTGGCATAAGTG

F: GCTCGGTTTTATTGTGTGGC
R: TCTTGGACTTGGGATTCTATTTGT

F: CAATGTATTCCTCTGCCCC
R: GAAACCTGTGAAAAACCGC

F: TCCACCTCCTGCTTCCTCC
R: GCCTCGTCATTCTTCTGCG

F: TTCCTCGCTTCCTTTCTCC
R: ATCAAAACACACGGGCACA

F: AGGGATTCTCGCTGGACGC
R: AACGAAGGGCTCTGGCTGTG

F: TGGGCAATGTAAACGAGGG
R: AAAGGGGATTTGAGGCAGG

F: ACATCTTTCAGACCCGTTCA
R: TTTTTACAGTTCCTCCCACAG

2 ZERE545Hh 4.03% 6.64%
21 4.47% 3.32% 3.32% 1.90%
0.24%, 3.32%
, (average background) 453 EST /
(noise values) ’ , 26.71% 19.65%
Poly-A (lys phe thr 7.73% 9.05%
dap) (bioB bioC bioD cre), 6.40% 6.18%
3.97% 4.19% 5.52%
29 ’ 3.31% 2.65% 1.99%, 2.65%
61 127 ,
Ratio =2 =0.5 5282 2.3 8 EST
2553 2729
2 054 , 13 , 64 > 8 81
, ESTs 422 ( 16.5%) EST ( 2,
2 224 , 4 , 48 ,
, ESTs 453 (1 16.6%) Bevan ) 4
Bl 422 EST 1 1
, 3 3
39.81%, 11.14% , wrsi5-1 Wali3
8.06% 7.58% 5.92% Wali2 wali6 Weluc5



1191

*2

TAMEES LARE 8 FULLMEM EST K5

Table 2 Annotated ESTs induced by Bgt with up-regulated expression at change ratio more than eight times

No. Probe set ID Slgna} Putative function No. Probe set ID Slgna'l Putative function
log ratio log ratio
1 Ta9226.1.S1 at 9.5  Pathogenesis-related protein 4 42 Ta.141.1.S1 x_at 3.8  Gibberellin 20-oxidase
2 Ta22564.2.51 a at 8.5  Peroxidase 43 Ta.g7.1.S1 at 3.8  pSBGerl protein
3 Ta.5810.1.S1 at 7.9  Nonspecific lipid transfer protein 1 44 Ta.1997.1.S1 at 3.8  Sec6lp
precursor 45 Ta.7479.1.81 a at 3.7  Ltl.1 protein
4  Ta.22564.2.81 x at 7.8  Peroxidase 46 Ta.25666.1.A1 at 3.7  MAP kinase homolog
5 Ta.5385.1.81 at 7.3 Peroxidase 47 Ta.4834.1.S1 at 3.7  Ornithine/acetylornithine
6 Ta.22564.1.51 at 6.7  Peroxidase 48 Tag7.1.S1 x at 3.7  pSBGerl protein
7 Ta.25053.1.S1 at 6.7  Thaumatin-like protein 49 Ta27762.1.S1 x at 3.7  Thaumatin-like protein
8 Ta.30711.1.S1 x at 6.6  Wrsi5-1 protein 50 Ta.23322.1.S1 s at 3.5 Betaamylase
9 Ta21267.1.81 s at 6.5  Wali3 protein 51 Ta.5125.3.81 at 3.5  MRNA transport factor
10 Ta.169.1.S1 x_at 6.4  Germin-like protein 52 TaAffx.106322.1.S1 _at 3.4  Catalase
11 TaAffx.24475.1.S1 at 6.3  Glucan endo-1,3-beta-D-glucosidase | 53 Ta.1082.3.S1 at 3.4  Delta-type tonoplast
intrinsic protein
12 Ta.13160.1.S1 at 6.2  Ribosomal protein L3 54 Ta.20563.1.S1 x at 3.4  Germin-like protein
(RPL3) mRNA,
RPL3-A2 allele 55 Ta.5098.2.A1 at 3.4 Guanylyl cyclase
13 Ta21342.1.S1 x at 6.1  Chitinase 3 56 Ta.24199.1.81 a at 34 HBP-1b
14 Ta.24710.1.S1 _at 6.1  Peroxidase 57 Ta.22628.1.S1 at 34 HSP70
15 Ta.24715.1.S1 at 5.9  Peroxidase 58 Ta.13818.1.S1 at 3.4  Putative xylanase inhibitor
16 Ta.4876.1.A1 x at 5.6 Peroxidase 59 Ta.7765.1.Al at 3.3 Geranylgeranylated
protein ATGP1
17 Ta28.1.S1 at 5.5  Glucan endo-1,3-beta-D-glucosidase | 60 Ta.5890.1.Al at 3.3 Lipid transfer protein 3
18 TaAffx.104648.1.S1 at 5.5  Wali2 protein 61 Ta24723.1.81 x at 3.3 PSBGerl protein
19 Ta.82.1.S1 at 5.3  Peroxidase 62 Ta.24501.1.S1_at 3.3 Thaumatin-like protein
20 Ta.8574.2.A1 at 5.1  Putative xylanase inhibitor 63 Ta.21262.1.A1 at 3.3 Xylanase inhibitor TAXI-III
21 TaAffx.15327.1.S1 at 5.0  Glucan endo-1,3-beta- 64 Ta.3679.1.S1 x at 3.2 Glutathione transferase
D-glucosidase
22 Ta.5024.1.S1 x_at 5.0  Wali6 protein 65 Ta22628.1.S1 x_at 3.2 HSP70
23 Ta.13.1.S1 at 4.9  WIRI, pathogen defense protein 66 Ta.639.1.S1 at 3.2 Peptidylprolyl isomerase
24 Ta.18878.1.S1_at 4.7  Germin-like protein 67 Ta.8304.1.S1_a_at 3.2 Translation elongation factor 1
25 TaAffx.24475.1.S1 x at 4.7  Glucan endo-1,3-beta-D-glucosidase alpha-subunit
26 Ta.28233.1.S1 at 44  Glutathione-S-transferase 68 Ta.9507.2.S1 at 3.1  CesA protein
27 Ta.23322.2.S1 at 43  Betaamylase 69 Ta.5098.1.S1 a at 3.1  Guanylyl cyclase
28 Ta.27751.5.S1 at 42 Cdpkl protein 70 Ta.30802.1.A1_at 3.1  HSP70
29 Ta.8108.2.S1 at 42 Cold acclimation protein 71 Ta.1337.2.S1 x at 3.1  Type 1 non-specific
WCOR410c lipid transfer
30 TaAffx.29050.1.S1 s at 4.2 Hypothetical LOC543097 protein precursor
31 TaAffx.86898.1.S1 at 4.2 Phosphoethanolamine 72 Ta.8584.1.S1 at 3.1 Wgluc5 protein
methyltransferase
32 Ta2784.1.A1 at 4.0  Chitinase 1 73 Ta21262.1.A1 x at 3.1  Xylanase inhibitor TAXI-III
33 Ta.141.1.S1 at 4.0  Gibberellin 20-oxidase 74 Ta.304.1.S1 at 3.0 Ald protein
34 Ta26230.1.S1 x at 4.0  Glutathione transferase F5 75 Ta.9320.1.S1 x_at 3.0 CCoAMT protein
35 Ta.7479.3.S1 x at 4.0  Ltl.1 protein 76 Ta.1082.3.S1 x at 3.0  Delta-type tonoplast
intrinsic protein
36 TaAftx.80336.2.S1 x at 4.0 Putative high mobility group 77 Ta28219.1.A1 at 3.0  Glutathione transferase
protein
37 Ta.1997.2.S1 a at 4.0  Sec6lp 78 Ta.25666.1.A1 x_at 3.0 MAP kinase homolog
38 Ta2690.1.S1 at 3.9  Glutamine-dependent 79 Ta21137.1.S1 _x_at 3.0  Peroxidase
asparagine synthetase
39 Ta.7479.2.S1 x at 3.9  Ltl.1 protein 80 Ta.29640.1.S1 x_at 3.0  Ribosomal protein L3 (RPL3)
40 Ta.231.1.S1 x at 3.9  Secretory protein mRNA, RPL3-A2 allele
41 Ta.30501.1.S1 at 3.8  Chitinase 1 81 Ta.231.1.81 at 3.0  Secretory protein
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Table 3 Expression ratios of selected probe sets assessed by
GeneChip (Array) and gRT-PCR (4PCR) PR pathogenesis-related protein 4
PCR gPCR thaumatin-like protein
Probe set Array Control Induced
(0 h) plants (24 h) >
Ta21342.1.S1 x_at 6.1  0H-072  6.59+/-0.47 (%)
Ta.25666.1.A1 _at 3.7 0+/-0.74 1.95+/-0.63
Ta.9226.1.S1_at 9.7 0+/-0.69 3.65+/-0.76
Ta.169.1.S1_x_at 6.7 0+/-0.55 1.43+/-0.82
Ta.25053.1.S1 at 6.7 0+/-0.54 4.20+/-0.88
Ta.28233.1.S1 _at 4.4 0+/-0.63 4.99+/-0.20 B' 1,3-
Ta.28224.2.S1 x at 47  0+/-053  -3.62+/-0.61 ’ | B13-
TaAffx.27263.1.S1 _at -3.6 0+/-0.55 —3.44+/-0.47
TaAffx.120874.1.81 x at 3.6  0+/-043  —2.82+/-0.48 oet0) p-1,3-
Ta.13242.2.S1 x at -33 0+/-0.52 —1.65+/-0.46 ’
Ta.11386.2.81 a_at 32 0+-086  —1.20+/-0.56 ’
Ta.2383.2.S1 x at -2.5 0+/-0.86 -3.35+/-0.47 >
Ta.881.1.S1 at 41 0+-072  —126+-0.69 e Germin-
3 it like protein ~ pSBGerl protein
it s Germin
, , Hy0,, H;O,
24 h s R Germin
Li © ,
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