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Tom tat

N4m gay bénh dao 6n Magnaporthe oryzae 1a mét trong nhitng tac nhan gdy bénh nghiém trong anh hudéng t6i cac vu
lta trén toan thé gidi. D€ xdm nhiém vao vat chi, M. oryzae hinh thanh mét cau triic xdm nhiém dic biét dugc goi 1a thé
bam. Trong bai viét nay, ching t6i cung cap mot sO dit liéu phan tir vé co ché xdm nhiém tiém nang cua M. oryzae dya
trén viéc phan tich va khai thac dir liéu bi€u hién cua cac gen ma hdéa cho enzyme polysaccharide monooxygenases
(PMO) va céc gen lién quan tdi qua trinh hinh thanh thé bam.

Tir khéa: Cellulose; ndm dao 6n; Magnaporthe oryzae; PMO; polysaccharide monooxygenase.

Abstract

The rice blast fungus Magnaporthe oryzae is one of the most serious pathogens affecting rice crops all over the world.
In order to invade the host the pathogen produces a specialised infection structure named appressorium. In this report,
we provide some molecular data of potential invasion strategy of M. oryzae based on the analysis and data mining of
the expression of genes coding for polysaccharide monooxygenases (PMO) and genes involved in the formation of the
appressorium.

Keywords: Cellulose; blast fungus; Magnaporthe oryzae; PMO; polysaccharide monooxygenase.
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1. Mé& dau

Thé bam (appressorium) duoc nam dao 6n
M. oryzae tao thanh khi tiép xuc véi cac bd
phén cua cay lua, gitip ching xam nhap vao cac
md trén co thé cha (Hinh 1) [1]. Thé bam duoc
hinh thanh tir bao tr M. oryzae trong khoing
thoi gian 20 gid sau khi bao tir tiép xtic véi 1a
laa. Ciu triic ndy tao ra ap lyc thim thiu 16n
lam v& bé mat ky nudc cua cdy lua, giup cho
cic soi nAm xam nhdp vao cac md bén trong.
Qua trinh hinh thanh thé bam d3 duoc nghién
clru rat chi tiét bang cac phuwong phap sinh hoc
phan tir [2]. Cac két qua phan tich hé phién ma
(transcriptomics) cho thdy rat nhiéu gene ma
hoéa cac enzyme khac nhau dugc biéu hién
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trong giai doan hinh thanh thé bam. Trong tong
s6 206 gene mi hoa cac enzyme hoat dong trén
cac co chat carbohydrate ghi nhan duogc trong
16 gid dau khi hinh thanh thé bam, c6 hon 100
gene c6 mirc do bicu hién ting hoic giam dang
ké. Trong sb cac gene ndy, c6 nhiéu gene thudc
cac ho chua ting dugc nghién ctru thye nghiém
va 1a ddi twong tiém ning cho viéc phat hién ra
cac enzyme moi dong vai tro quan trong trong
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Hinh 1. Cac giai doan hinh thanh thé bam cta bao tir nAm M. oryzae [1]
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2. Phuwong phap nghién ctru

- ID cua cac gene (Gene Identifier) dugc diéu
hoa ting trong qua trinh hinh thanh thé bam
duoc xac dinh dua vao két qua phan tich hé
phién ma duoc cong bd bai Soanes va cong
su [3].

- Trinh ty protein ma hda béi cac gene sau do
duogc 13y tir trinh ti proteome cua M. oryaze
dugc cong bd trén cac co s dir licu
UNIPROT (https://www.uniprot.org/).

- Trinh ty cac protein dugc phan tich boi
cac cong cu manh st dung thudt toan
Hidden Markov Model (HMM) tai cac
server cua FEuropean Molecular Biology
Laboratory (EMBL), bao gébm HMMer
(https://www.ebi.ac.uk/Tools/hmmer/)  va

3. Két qua nghién ciru va thio luin
3.1. Cac PMO thupc ho AA9

Muoi bon gene mi hdéa PMO tiém ning
thudc ho AA9 cua M. oryaze dugc liét ké trong
Béang 1 va Bang 2. Nam trong s6 cac PMO nay,
bao gom MGG 05364, MGG 07575,
MGG_09439, MGG_06621, va MGG_06069,
dugc didu hoa ting trong qua trinh hinh thanh
thé bam. Pgc biét, mic do biéu hién cia
MGG 06069 ting rit manh trong 8 gio dau.
Cac PMO diéu hoa ting c6 thé dong vai tro
quan trong trong qua trinh phat trién cua thé
bam.

Bang 1. Danh saich PMO tiém nang thudc ho
AA9 (GH61) dugc phan loai theo co s¢ dir ligu
CAZy: gia tri P da dugc hiéu chinh cho céc
méu nudi trong mdi truong day du (CM), moi

SMART domain prediction  yromg t5i thiéu (MM), va cac mu thé bam thu

(http://smart.embl-heidelberg.de/). 34,6,8, 14, va 16 gio.
Gene ID CAZY _group res CM_MM T4 T6 T8 T14 T16
MGG_02502 GH61 1 0.828 0.537 0.991 0.331 0.495
MGG_04547 GH61 1 1 0.823 1 1 1
MGG_08254 GH61 1 0.464 0.823 0.466 0.466 0.423
MGG_07686 GH61 0.142 0.852 0.691 0.355 0.153 0.359
MGG _05364 GH61 0.829 0.226 0.144 0.033 0.204 0.266
MGG_07575 GH61 0.885 1 1 0.841 3.010 E-07 2.337 E-07
MGG_08020 GH61 0.554 4662 E-10 1.052E-06 1.429E-11 4.162 E-13 2.308 E-12
MGG_09439 GH61 1 0.771 0.052 0.748 0.005 0.008
MGG_06621 GH61 1 0.912 0.348 0.703 0.037 0.173
MGG_07300 GH61 1 0.684 0.786 1 1 0.774
MGG_08409 GH61,CBM1 1 1 0.823 0.619 1 0.824
MGG_04057 GH61,CBM1 0.864 0.079 0.167 0.706 0.699 0.606
MGG_12881 GH61,CBM1 0.796 0.381 1 0.333 0.336 0.824
MGG_06069 GH61,CBM18 0.361 7.797 E-15 6.132E-11 5594 E-11 9.008 E-05 0.001
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Bang 2. Danh sach cac PMO tiém ning thugc ho AA9 (GH61) theo phén loai cua co s dir li€u
CAZy: gia tri dinh lugng s6 ban sao trong mau nudi trong moéi truong day du (CM), moéi truong t61
thieu (MM), va cac mau thé bam thu ¢ 4, 6, 8, 14, va 16 gio.

Gene ID CAZY_group CM MM T4 T6 T8 T14 T16
MGG_02502 GH61 4.368 6.540 3.902 8.536 4.621  10.303 8.840
MGG_04547 GH61 0.000 0.000 0.000 1.102 0.000 0.000 0.000
MGG_08254 GH61 0.929 0.801 0.000 0.000 0.000 0.000 0.000
MGG_07686 GH61 0.000 5.272 0.875 0.597 2.384 2.374 1.748
MGG_05364 GH61 71.059  98.256  139.437  159.322  197.420 127.611 131.261
MGG_07575 GH61 0.000 0.467 0.000 0.000 0.718  24.875 25.580
MGG_08020 GHG61 193.543 323.859 2.624 5.921 2.743 3.762 3.189
MGG_09439 GH61 0.464 0.467 1.750 6.569 1.751 8.437 8.024
MGG_06621 GH61 1.772 1.735 0.875 5.375 4.409 9.142 6.502
MGG_07300 GH®61 23.796  17.224 15.148 15.795 17.008  19.952 25.966
MGG_08409 GH61,CBM1 0.000 0.000 0.472 1.102 1.393 0.000 0.772
MGG_04057 GH61,CBM1 5.781 3.670 0.875 0.597 4.135 3.586 3.393
MGG_12881 GH61,CBM1 0.000 1.268 1.819 0.000 1.435 1.793 0.772
MGG_06069 GH61,CBM18 80.724  37.246 4977.370 1936.517 1753.212 455.022 433.108

3.2. Cac engyme thuy phdn carbohydrate khdc

Trong s cac enzyme thay phan
carbohydrate, c6 51 enzyme dugc diéu hoa ting
0 cac muc do khac nhau. Cac enzyme nay dugc
liét ké trong Bang 3 va Bang 4.

Bang 3. Danh sich cic enzyme thuy phan
carbohydrate khac theo du doan cua CAZy: gia
tri P da duoc hiéu chinh cho cac mau nudi trong
mdi truong diy da (CM), mdi trudng tdi thiéu
(MM), va cic mau thé bam thu & 4, 6, 8, 14, va
16 gio.

Gene ID CAZY _group res CM_MM padjT4 padjT6 padjT8 padjT14 padjT16

MGG_01542 GH10 0.656 0.278 0.049 0.012 2478 E-07 1.403 E-07
MGG_02245  GH10 0.797 0.464 0.938 0.247 0.002 0.014
MGG_08401 GH11 0.884 0.168 0.049 0.348 0.012 0.056
MGG_08331 GH11 0.346 1 0.049 0.147 0.012 0.004
MGG_08320  GH125 0.357 6.236 E-14  1.324E-13  6.079E-16  1.407 E-06 0.016
MGG_12595 GH13 0.346 0.084 0.068 0.006 0.016 0.001
MGG_01096 GH15 0.665 0.645 0.013 0.618 0.152 0.159
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MGG_06493
MGG_08823
MGG_09733
MGG_09861
MGG_04582
MGG_05533
MGG_04732
MGG_00086
MGG_03599
MGG_05864
MGG_13429
MGG_09922
MGG_09805
MGG_13626
MGG_05620
MGG_08938
MGG_03508
MGG_00621
MGG_14903
MGG_09272
MGG_09353
MGG_08623
MGG_09988
MGG_01328
MGG_00994
MGG_00084
MGG_05381
MGG_10423
MGG_00319

MGG_01147

GH16
GH16
GH16
GH16
GH17
GH18
GH18
GH18
GH18
GH2
GH20
GH20
GH27
GH27,
GH27
GH28
GH3
GH3
GH3
GH3
GH3
GH31
GH43
GH45
GH47
GH47
GH5
GH5
GH5

GH51

0.831

0.909

0.884

1

0.706

0.021

0.884

0.694

0.354

0.137

0.995

0.474

0.997

0.743

0.665

0.722

0.884

0.921

0.924

0.006

2.066 E-32

4.975 E-07

0.278

0.730

0.123

0.387

4.776 E-12

0.021

5.318 E-06

0.168

9.121 E-05

0.645

3.978 E-06

0.003

0.006

0.107

0.665

0.015

5.703 E-07

0.977

0.841

0.932

9.566 E-07

8.902 E-11

0.061

9.376 E-05

0.169

2.604 E-10

0.038

0.004

2.262 E-25

3.859 E-16

2.911 E-07

0.691

1.425 E-10

1.267 E-09

2.794 E-16

0.049

0.000

0.051

0.000

0.068

0.004

0.000

9.7575E-18

0.012

0.126

0.015

1.140 E-06

0.04247065

0.291

0.759

1.457 E-06

4.075 E-16

0.026

0.122

0.000

1.321 E-08

0.004

4.076 E-05

1.356 E-24

4.347 E-18

1.639 E-12

0.229

1.443 E-05

2.809 E-15

9.510 E-22

0.050

0.001

0.048

0.000

0.011

0.000

0.000

4.899 E-19

0.191

0.049

0.170

2.851 E-06

0.05368486

0.065

0.433

1.311 E-07

4.522 E-16

0.001

0.046

4.739 E-06

6.620 E-06

3.213 E-06

0.022

1.378 E-17

5.132 E-10

2.074 E-07

0.013

1.301 E-05

7.738 E-15

4.756 E-12

0.152

0.818

0.024

0.648

0.024

1.572 E-07

0.034

1.026 E-10

0.588

0.009

0.850

0.156

3.8387E-10

0.023

0.018

0.000

1.137 E-08

0.000

0.547

1.427 E-05

5.170 E-06

1.957 E-05

0.374

7.009 E-17

1.173 E-06

4.148 E-05

0.002

0.017

4.849 E-15

3.178 E-06

0.117

1

0.160

0.116

0.029

2.362 E-07

0.296

1.982 E-07

0.820

0.1726092

0.655

0.359

7.122 E-10

0.046

0.021

9.128 E-07

1.061 E-05

2.356 E-05

0.400

0.000

4.401 E-06

0.003
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MGG_00659 GH55 0.799 3.865E-19 4.655E-21 9.470E-20 3.948 E-16 2.781 E-09
MGG_09995 GH55 0.737  1.064 E-05 0.000 0.002 0.827 0.361
MGG_09095 GH62 1 4065E-06 1117E-09 9.019E-10 4.283 E-08 1.058 E-05
MGG_06834 GH7 0.281 0.169  0.23699847 0.019  9.657 E-05 2.272 E-06
MGG_00951 GH76 0.995  9.983 E-05 0.001 0.021 0.000 3.371 E-05
MGG_01418 GH76 1 0.123 0.025 0.355 0.335 0.617
MGG_03682 GH76 1 0.211  8.708E-05  1.292 E-06 0.072 0.057
MGG_05489 GH81 1 4532E-14 3425E-11  1.289E-11  1.541E-10 1.724 E-09
MGG_01001 GH81 0.513 0.390 0.703 0.485 0.5295 0.311
MGG_08274 GH92 0.995 0.015 0.025 0.002 0.786 1
MGG_00296 GH92 0.789 0.848 1 1 2.651E-06 8.011 E-09
MGG_00088 GH92 1 1 0349 1576E-06  2.793 E-15 1.362 E-15
MGG_01402 GH93 1 0.538 0.049 0.793 0.052 0.4091
MGG_00050 GH95 0.597 0.093 1 0.817 0.207 0.036

Bang 4. Danh sach cac enzyme khac thuy phén carbohydrate theo du doan cua CAZy: gia tri dinh
lugng s6 ban sao trong mau nudi trong méi truong day du (CM), méi trudng t61 thieu (MM), va cac
mau appressorium thu & 4, 6, 8, 14, va 16 gio.

Gene ID CAZY CM MM T4 T6 T8 T14 T16
MGG_01542 GH10 1.118 4.605 4512 9.092 11.371 36.971 42.022
MGG_02245 GH10 2.236 5.072 5.123 2.893 6.920 18.232 12.575
MGG_08401 GH11 0.000 0.467 2.152 4.181 2.068 5.556 3.291
MGG_08331 GH11 0.000 1.869 0.472 4.181 2.426 5.203 7.660
MGG_08320 GH125 19.179 8.609 761.000 723.956 1001.476 172.348 67.247
MGG_12595 GH13 0.000 1.869 2.958 3.491 5971 5.151 9.612
MGG_01096 GH15 0.000 2.069 1.347 5.921 1.393 2.374 1.929
MGG_06493 GH16 5.781 8.011 29.144 31.910 52.113 19.776 10.667
MGG_08823 GH16 5.212 3.804 6907.163 3122.697 2440.728 465.839 452.851
MGG_09733 GH16 0.000 0.467 26.275 154.472 186.903 44.320 23.331
MGG_09861 GH16 0.464 0.935 3.235 36.770 87.228 30.659 18.532
MGG_04582 GH17 14.327 7.543 20.095 10.328 6.963 49.222 73.546

MGG_05533 GH18 0.000 0.000 2.624 57.621 16.078 18.533 6.321
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MGG_04732
MGG_00086
MGG_03599
MGG_05864
MGG_13429
MGG_09922
MGG_09805
MGG_13626
MGG_05620
MGG_08938
MGG_03508
MGG_00621
MGG_14903
MGG_09272
MGG_09353
MGG_08623
MGG_09988
MGG_01328
MGG_00994
MGG_00084
MGG_05381
MGG_10423
MGG_00319
MGG_01147
MGG_00659
MGG_09995
MGG_09095
MGG_06834
MGG_00951

MGG_01418

GH18

GH18

GH18

GH2

GH20

GH20

GH27

GH27

GH27

GH28

GH3

GH3

GH3

GH3

GH3

GH31

GH43

GH45

GH47

GH47

GH5

GH5

GH5

GH51

GH55

GH55

GH62

GH7

GH76

GH76

68.175

0.000

0.000

1.393

0.000

97.307

0.000

8.841

44.053

0.000

74.898

8.841

7.827

2.426

4.008

488.501

2.047

14.621

0.654

0.000

4.558

0.000

14.157

0.654

37.534

47.761

0.654

1.118

24.305

0.000

17.888

0.000

0.000

0.801

0.467

62.340

2.536

28.637

51.130

0.000

39.112

8.210

7.877

3.138

4.138

315.989

1.402

14.884

0.000

2.402

1.402

0.467

11.612

1.402

25.630

22.365

1.601

5.608

26.568

0.000

127.463

74.973

5.708

36.439

2.083

601.449

1.347

99.642

178.821

7.735

173.048

13.732

31.190

51.416

3.165

606.407

1.416

161.363

72.707

3.361

47.168

2.083

309.593

6.319

5788.458

340.700

27.716

5.110

156.488

2.624

1307.611

159.116

4.088

27.214

3.810

469.914

3.491

47.056

232.399

203.547

252.446

25.155

33.372

48.055

17.268

956.202

3.902

159.847

149.108

4.819

15.558

11.893

225911

11.800

10565.963

235.436

59.515

5.375

141.437

5.097

4599.655

368.622

4.135

16.436

3.503

447.837

7.468

66.397

254,961

227.678

139.553

29.158

18.735

38.296

14.600

1383.402

0.675

199.595

162.447

9.346

18.419

19.136

138.306

27.090

10947.836

163.089

57.263

10.338

79.666

2.384

3258.193

65.153

2.197

3.307

4.924

77.615

4.395

115.528

113.163

51.389

53.784

35.707

6.188

6.996

110.140

1300.531

11.038

72.597

44.084

11.236

2.954

16.387

125.431

19.320

2087.737

38.227

36.163

18.387

136.258

1.617

3976.473

21.197

2.621

1.929

2.133

44.905

4.369

119.143

79.152

27.190

62.235

20.949

10.259

5.447

110.405

1322.469

11.497

152.605

21.539

15.524

2.031

11.665

131.483

10.610

559.703

25.602

21.845

31.581

166.963

1.260
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MGG_03682 GH76 0.464 1.268 3.833 19.698 29.243 4.975 5.629
MGG_05489 GHS81 22.363 17.623 865.640 529.090 586.512 410.534 366.535
MGG_01001 GHS81 29.746 13.949 15.966 19.327 18.650 18.812 15.116
MGG_08274  GH92 1118 0.000 10.290 10.606 13.609 2.197 1.158
MGG_00296  GH92 1.393 3.938 3.027 1.699 1.709 32.856 61.042
MGG_00088  GH92 1.582 2.069 2.222 5.097 36.861  179.104 191.145
MGG_01402  GH93 1118 0.935 2.958 8.351 2.426 6.820 3.393
MGG_00050 GH95 16.393 33.304 5.387 15.147 20.486 32474 48.729
3.3. Mt so enzyme tiém nang khdc dugc du doin o 4 lwe voi chitin

Mot sb protein tiém ning khéc ciing duoc
biéu hién & mirc d6 rat cao (Bang 5). Chitin
synthase D (MGG_06064) c6 thé déng vai trd
quan trong trong viéc tong hop chitin cho 16p
vo cta thé bam. Bén canh d6, mot protein khac

(MGG _00245) ciing duoc biéu hién ¢ muc do
cao. Ngoai ra, liginase (MGG_07790), enzyme
c6 thé tham gia qua trinh phan hay
lignocellulose cuia ciy chu, ciing duoc didu hoa
ting t6i 100 1an so v6i mau ddi chimg.

Bang 5. Mot sd protein tiém ning khac duoc biéu hién trong giai doan hinh thanh appressorium

Gene ID Putative Protein CM T4 T6 T8 T14 T16
MGG_06064 Chitin synthase D 15.151 5657.461  4737.000  1305.362 454.546 213.469
MGG_00245  Chitin binding protein 36.900 116.127  1082.605  2891.799 5743426  6097.264
MGG_07790 ligninase 104.506 11195.341  8762.648  6892.313 2041.480  1611.693
MGG_14940 ligninase C (419 aa) 2.890 311.138 109.256

4. Két luén

- D3 xac nhan dugc 14 PMO thudoc ho AA9
trong d6 c6 05 PMO dugc diéu hoa ting
trong quéa trinh hinh thanh thé béam.
MGG _06069 1a PMO dugc diéu hoa ting
manh nhat. C6 51 enzyme khac hoat dong
trén carbohydrate duoc diéu hoa ting. 04
protein tiém niang khac dugc didu hoa ting
manh.

- Kién nghi: Tiép tuc nghién ciru va chon loc
mot s6 enzyme quan trong nhat.

- Loi cam on: Cong trinh khoa hoc nay la
mét phan két qua ciia Chuong trinh Hop tac
Khoa hoc va Céng ngh¢ Nghi dinh thu gitra

Bo Khoa hoc Cong ngh¢ Viét Nam va B
ngoai giao va Hop tac quoc té Italia (Ma so
NDT.36.ITA/18).
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