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Cloning of Brown Plant Hopper Resistance Genes in Rice
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Abstract

Brown plant hopper (Nilaparvata lugens Stal) are the most important rice insect
pest. There have been a large number of reports that the insect causes a big damage of
rice crop in every Asian country. Brown plant hopper live on sucking rice plant sap and
they are carrier of ragged stunt virus that can cause a tremendous reduction of rice yield.
In 1990, about 1.5-1.8 million tons of yield of dry season rice crop were damaged by
brown plant hopper. Rice variety improvement for the insect resistant by cross breeding
incorporating with Marker Aided Selection application is one of problem solution; and
cloning of insect resistant genes in rice to make use in breeding program is another hope.
In gene cloning, high step of bio-molecular technique namely SAGE (Serial Analysis of
Gene Expression) were applied to study gene expression of the whole genome to use in
analysis and search for brown plant hopper resistant genes in rice and eventually genes
can be cloned. The process began with stimulation of brown plant hopper resistant genes
in Suphanburi 90 variety seedlings to activate gene expression by feeding the rice
seedlings to the insect for 0, 1 and 2 days. mRNA of the three treated seedlings was
extracted. mMRNA was changed to cDNA and thereafter cDNA fiber was cut by Nialll
enzyme. Samples were divided into 2 plants, each of which was connected by different
linkers. DNA fiber was cut again by Bsmsl enzyme and order of cDNA which was Tag of

shot genes of 10 - 14 base. Connected to the linker was obtained. Tag were separated
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and they were connected to the length of 500-800 base and spliced to plasmid to
increase volume in E. coli and finally genetic order was read by ABI3700 DNA Analyzer.
SAGE 2000 program was used to identify order and number of Tag.

It was found that there were expression of 13,624, 16,254 and 10,404 gene
groups in 1 day, 2 days and control treatments, respectively. In this number of genes,
there were 4,662 different gene groups. When using Blast program to examine type of
genes in information base, all of 4,662 genes were found. However, only 2,489 genes
were known and 2,173 genes were unknown. When the rice plants were stimulated by
brown plant hopper, there were 40 up regulated genes and 16 down regulated genes,
and they were mostly involved in stress and some of them were anticipated brown plant
hopper resistant. Information of these genes were taken for primer design and expression
confirmation, and information for cloning gene anticipated to be brown plant hopper

resistant. Gene cassette was prepared for further testing.
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1. Concert Plant RNA Reagent (Invitrogen life technology)
I-SAGE " Kit (Invitrogen life technology)

ElectroMAX™ DH10B™ Cells (Invitrogen life technology)

ok~ w0

faliilswnn 2 ul, 20 pl, 200 yl wag 1000 pl

BigDye® Terminator v3.1 Cycle Sequencing Kit (Appliedbiosystems)

Lﬂ?:@ﬂ spectrophotometer (PERKIN ELMER MBA2000)
Lﬂ'f'?'mmumémmnmﬂ@umwL?q@;wﬁmmuamqmmﬁ (SORVALL RC28C)

Lﬂ?faqLLﬂﬂmaﬁﬁuﬁqm@MuLLmu@u (GelMate 2000, TOYOBO)
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TIATNLNIN LAz UV Transilluminators (BIORAD)

1. AradiEFu s siugnasnlunaannaaas (GeneAmp PCR System 9700)

SuperScrip Il First-Strand Synthesis System for RT-PCR (Invitrogen life technology)
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12. Lﬂﬁ"ﬂﬂﬂ]Lﬂﬁ"]ZMZ\]’WﬂUﬂW‘ELﬁ‘EI\?[ﬂ')‘U@\TZQWﬁ‘WHﬁqﬂ??N (ABI PRISM ™ 3700 Genetic Analyzer)

13. ATEIATIAAALNNTNLTNNUALERLe Tuan na3e (LightCycler, Roche)
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1. NISIA3EN SAGE Libraries Hiunaulug) - 12 duneu Ao

1.1 N19ANAKIN MRNA Lazd3AI1=9 cDNA

- umsnat1etneanng -80°C liazi@en uan Total  RNA  fiaeinen Trizol
(Gibco Life Technologies) A793@0LANTINIEI RNA 4 1% agarose

1.2 ugn mRNA aana1n Total RNA 5 pg Tagld Oligo (dT) beads (Dynal Oligo

1
o .

(dT) Magnetic Beads) ANt ALy mRNA NFnagiiu magnetic beads Wil first strand
cDNA uazLili double strand cDNA ANNAAL
1.3 deulmsl Nia Il (Hanandnd miusin CATG) sin cDNA nelan 3
_ @ miuuils cDNA aaniflu 2 waen dunseriy Adaptor A ka2 B AMNa6L

o |

14§ cDNA  gaenawlssd BsFl  aaflweulas Typells ﬁﬁﬁgmmmmwn
recognition site (B&jU4 adaptor) 1d8n 13 -14 wa Lﬂ'/d\llﬂl,l,?;lﬂ tag (oligonucleotide 211/ 10 -
14 W8 ATufunuaeusazE) aanan

15 saiden tag ARANL adaptor A wa B WAnfwEaN ditag

1.6 2g188uuy 100 W4 fael PCR dawlmd Nia 1l §in waauen 26 bp aanunlnag
4 12% polyacrylamide

1.7 7n1gsie 26 W4 ditag  Wnameiuiluaneana@an concatemers  m3lagell
ARNINLL 8% polyacrylamide

1.8 @nmlen concatemers 88na1N gel WANNFABAL plasmid p2Ero-I (Invitrogen)

1.9 transform  p2Ero-l #dTu concatemers tnzatflidnliluiuniize £, coli

a"eug TOP10 electrocomp



1
ol al

1.10 AAWAEN E. coli @NWUENN concatemers 184 tag insert Inenng plate a4y

3

8119 LB 71 50 pg/ml 124413UfjTne Zeocin tinluidei 37°C dumn
1.11 WliRuduienmeudqly colony d1719M3uld14 384 well-plate 1X@111s
LB+Zeocin waz glycerol 1nliliaeg 1 A

1.12 14 copier replicate clone #14°] Vaglu 384  well-plate Waealuansuds

a

LB+Zeocin yiuldngamni 37°C 4ruau clone waniinfannaztinlianuansusiugnasy
2. NMeEURIALNUENTTNIRIlARULU SAGE Libraries

2.1 enmenuAnizewiazinal Ui lduen plasmid nelEwmalia minipreb

2.2 I M13 forward uae reverse primerslumﬁ“ﬁﬁ sequencing AaelLATad ABI 3700
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1
a

NN39AIITH SAGE tags anndayaansuaneuliusaziaan taeldllsunsy

SAGE2000 T4418190 download l#ann http://www.invitrogen.com/sage

3.4 iladhglsunsn SAGE2000 w& e Preferences fail
- Anchoring Enzyme Wl Nalll
- Tag Length 10
- Ditag Length Wl 24
- Tag Exclude List \{lu Select the tag exclude
- 1fufinAn Preferences RaelA
32 gy Project udaiden New Project waziiufindelnsluivawesfigesnis
MRIANTUARNT Start TlaunsuasEutlszannsa Fandandmiulduen Tags anlngAlEann
N1IUIRIALLLA
33 Anaenlndanduius (.seq) WnAululWaimefaigldlude 2
3.4 'lilfilisunsu SAGE2000 Tuiuy Project 18N Add Tags azuanslwdsinar Tu
fa 3 Wiidiusavan
35 linanden Wdndensamet ud1Adnd Analyze vidaazidenlusnumi
Auto Analyze iieniarzinnIngAT lulriaiwes Talisunsuazmenusuauinduazduon

Tags AATIZH LG
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3.6 Tunsunavanalauszliatiunisdumantiude 2-5
MaFaUPeUA1ALTeY Tags 3ouInlaLsis 1, 2 waz 3
- ihgTsunsu SAGE2000
- lwy Project 1aan Project Manager ax1l31ng) @8 Project vianuanag) 15
a A L dll . d‘ ¥ = [ % a .
AANLARNULNTA Project eenaFaueuiy wdaaan Open Projects
- lwy Analyze 1@en Compare azisng@e Project Maanly udananiy
Compareltlsunsuaslshiunna g (*.MDB)
- Tsunsuazilszunana WieniiaglaviaanauIuLATRALLLATDIUAAY
Tags NlFanniaifFauiauseudnelauss
:j/ o o [ % dl Ul ¥ a = ¥ dl v
- anniuthatduuan i ldAuniglinaestiuaingiudeyan ldfisnaeu

ULa9 1 GenBank

4. mslAau candidate gene AimAd L TiRaT IR LANA UMUINAENSEIAARENAS
1UNANAL tag (10-14 base) AlEannmsimaeiinFoudiaulausis 1, 2 uay 3 Aaudl

nsugnsaaniiisiilu primer A oligo dT lumsreneisdulugiuaaslans 3 iy

@u‘ﬁiﬂ@jméﬂﬁuﬁuﬁ;mw wdaeanuuy specific primer i MiRAAn9navlddsdans 5
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1. N5 A38N SAGE Libraries

fmswsenlausis 289 SAGE  41uau 3 TausRiilevin lndnduriugnesald
WReuifieunisuanseentesduiineuauessenisgaiwisedninaereunaunszinng
vipna Tngl SAGE 1@m’f?§mﬂLm?ﬂmqﬂﬁu%’wﬁiﬂé’qﬂmeqmﬁu (control) @ w5ulE
WRenieusulauss 2 uaz 3 Aldsumsgaiwidansziuaninaanszlnndinma 1 uaz 2
1 AuddL nawsealaus T 193aN12AN I-SAGE kit 194 Invitrogen life technologies
ynisznis nasuanadin ditag [tag ugnduaesiiudy 1 911A 9 -14 bp fii&fu CATG
\uqnanan (recognition site) wastewlasd Nia 1ll, ditag Funnsideusae 2 tag Windaefudl
wneszanns 26 bp (kanelunnd 1) insindauiiiu ditag snsauiuudarinuauauns
FinldLSgns uhati ditag usazdunseiulfiiy concatemer Feuanslunmi 2 1faunn

984 concatenated ditags Nauilaz@nsaii plasmid NNAUNING TUIALRAL 400-800 bp |
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NIWA 2 UARIIUIATeY Ditag MeNseiuant < ga \u concatamer (lane nan4) Tneld

8% polyacrylamide gel

Wadmseniy plasmid pZEro-l wa transform W1 E. coli #inautealausis 1

(control) 2 uaz 3 wiu1alu 384 well-plate Uszunnslausizaz 1,000 laaw d1usuldanuansu

ansugnssuuaziivlilu -80°C



2. MesEuRIAURITNUgNssNaRdlARulY SAGE Libraries
Lﬁ@ﬂ'méhﬁuﬁuﬁ;mammimu%\mmiu SAGE Libraries favsin udarinluAinsnzd
SAGE tag tmeldldsunsn SAGE2000 wwdn i SAGE Libraries 1, 2 WA 3 HN170AAIREN
gavg LT UTNNvTe tag Vanan 13,624 : 16,254 Uaz 10,404 tags ANAAL TuaUIU
tag ‘ﬁlwuLﬁ@ﬁﬂﬂ%ué’u%aﬂ@‘ﬂmﬂﬁﬂﬂmm Blast search Wi tag Filugausasduilign iy
4,662 fu wanannthutly tag VieEuTian 7 i uaziilu tag finsudeifie 2,489 & viveAn

1 53.39% Muaa 2,173 81U falinsude sananslunnsen 1

A199% 1 agiluansuansaanaastiuliy Serial Analysis of Gene Expression (SAGE)
Libraries 1, 2 waz 3 Nlailanszsu (lausia 1: control) nezsfusaanislinas

nszlap@unmnaganiu 1 5u (lauss 2) uay 2 4u (lausis 2) auaisy

. o M tagh o furnuiingaa
o AU tag WL e A AU tag WL
lauss £ ANNNUNTD , WU (matched) 1y
NNA NN 1 copy N
unigene UBDYA
1 (control) 13,624 4,662 8,962 2,489 (53.39%)
2 (19%) 16,254 4,662 11,592 known gene
3(2 '3/‘1,4) 10,404 4,662 5,742 2,173 (46.61%)
unknown gene

NANIIENUANALLLAUAZALATZSEUNARAARRINLNIINAREITRY Matsumura  LAZ
ADUE (1999) TaANHINTsUansDanTastiuanludig Japonica Aang 5 41 WU unigene 7
WANANNARDN 5,921 81 Tuanuauiliines 1,367 i1 138 23.10%  7NR39i1 (matched) 1y
cDNA Tugnudayas Mndelinulugiudeyas vellenatlesnaniduiiuluaindslinsuae
wazuind Dauddnazilansenisnansiaiugnesudnodniaudofinan daflunisnansia
P Y = A P A e aa i A Y Ao A @ oA e
AL eRea lun Nidualeuiuiilenaesdin uAgunAne1ATailidy cDNA vsaluguninng

ai a 1 [ 1 dgj dl dl a a A AI v 1
wansaanfazimnuuanseiuluusazilaidie scazinarfimsnyauin videludaandansng
14 FeianuainaInn1InenIwa (transcription) 31a7n DNA  uslwuuliifle mRNA slwea
a1n mRNA azifunduuslunnsas1eldsfiu (ranslation) MdlunARNaaINT

2. o e . 4 4.

ANNNINAABIREI@ NN TIRTIANLEUNTN1TudnsaanunnlLd19 Te A131en 2 1T
n19aUEu 47 81 ARTIANUNITULAAIBANNINNTN 100 copy  laavieunatiiaduming
T1lsunsw Blast wuifli mRNA sequence 7i9uun wANTILTRINEN 25 tag (53%) Nwae 22 tag

WURPAL (match)iuaALzes mRNA Tugiudeyaus linsuzed




A1519% 2 @31 Tag viseEiuNinIsUARsRaNNINN31 100 copy lunddnanilang 22 4u

o

Tag Number
No. Tag sequence Percentage Blast Corresponding gene
No. of tag
1 1 ACAAGTTTTT 1100.00 2.92 mRNA sequence transcribed sequence
2 2 GATCGATTTG 601.00 1.59 mRNA sequence -
3 7 GACCGTCTAC 499.00 1.32 Leaf was dried for -
2hr
4 9 TAATATGATG 499.00 1.32 reverse transcribed putative glucosyl
transferase
5 5 ATGATGATAT 381.00 1.01 mRNA sequence 1siflde gene
6 4 GTAGCAGCAG 333.00 0.88 mRNA sequence T1ifide gene
7 6 GGGGATTGTG 326.00 0.86 mRNA sequence -
8 10 TAAATTGTGC 300.00 0.80 mRNA sequence RNA recognition motif
9 12 CCCAGCTATG 300.00 0.80 mRNA sequence -
10 15 GAAGAACTAT 256.00 0.68 mRNA sequence -
11 13 TATGTATGTA 231.00 0.61 mRNA sequence expressed protein
12 16 TTCGGATGCA 216.00 0.57 mRNA sequence -
13 | 14 TGGAGTTGTG 212.00 0.56 inoculated leaves Taifida gene
14 24 TTCGGCTGCA 205.00 0.54 mRNA sequence ribulosebisphosphate
15 8 GAGAGAGGGA 201.00 0.53 mRNA sequence Athaliana_ expressed
protein
16 11 GTGGTGATTT 198.00 0.52 mRNA sequence -
17 19 GAGGAATGGA 190.00 0.50 mRNA sequence photosystem |,putative
18 22 CTTGTGATTC 190.00 0.50 mRNA sequence -
19 20 AATCTTTTCT 187.00 0.50 mRNA sequence -
20 47 GTAGATTGAT 179.00 0.47 Uninfected Control -
21 | 17 | GATGGCATCG 168.00 0.45 mRNA sequence 1siflde gene
22 23 ACGAAAGTTT 168.00 0.45 mRNA sequence -
23 14 d after
39 TTGCTTGGGA 168.00 0.45 germination Taifdath
24 28 TTGATATTGT 165.00 0.44 mRNA sequence -
25 37 GCGGAATAAC 161.00 0.43 mRNA sequence -
26 25 ATGCGTATGT 157.00 0.42 overexpressing -

transgenic
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A1599 2 @31 Tag visediuninisuansaaniinngn 100 copy lundndnanient 22 5u (sia)

No. Tag Tag sequence Number Percentage Blast Corresponding gene
No. of tag

27 45 AGTATATTTC 157.00 0.42 14 days after shepherd protein,putative
germination

28 | 44 CATAATTGAA 154.00 0.41 14 days after -
germination

29 21 TTCGGCTTCT 146.00 0.39 MRNA sequence mRNA, 3' untranslated

region

30 | 34 | TGCAGTAACA | 146.00 0.39 mRNA sequence 1ifide gene

31 29 CAAGGATTGA 139.00 0.37 mRNA sequence -

32 | 30 GAAAGAAAAA 139.00 0.37 24 hrs after Transcribed sequence ;
innoculation zeaxanthin epoxidase

33 33 CATATGTGAA 135.00 0.36 mMRNA seqguence -

34 55 CGTTCTTGAG 128.00 0.34 mMRNA seqguence F-box protein family

35 27 TCGGACAAGT 124.00 0.33 mRNA sequence Expressed protein

36 | 48 | AGGATGCTCC | 124.00 0.33 mRNA sequence laifde gene

37 | 31 GCGACGCATC 117.00 0.31 mRNA sequence -

38 | 52 TATCAATGTA 117.00 0.31 Drought Stress -

Panicle
39 | 32 | GTCTCGATCT | 113.00 0.30 mRNA sequence aifde gene
40 63 AGCTCCTTAA 110.00 0.29 mRNA sequence cerebellin precursor-like
1;translationally controlled

41 86 TATTTGAAAG 110.00 0.29 14 days after ETAA16 ETAA16 protein
germination

42 | 107 GAGAAAATTA 110.00 0.29 MRNA seqguence FZD 8 frizzled homolg 8

43 18 TAACAGCGAG 102.00 0.27 Uninfected Control -

44 26 GTTGATCGGC 102.00 0.27 mRNA seqguence putative nonspecific

45 | 36 CCTTGTTGAT 102.00 0.27 mRNA sequence -

46 | 49 AATTGAGTTC 102.00 0.27 mRNA sequence -

47 56 TAAGTGGCAG 102.00 0.27 mRNA sequence leucine zipper-containing




3. WANISUAAIRENUIBNEUIRBIINENNSTAUAIINAENSEIAAR U AN
WannaFauwausiauazTunnaed tag 19 3 lausis wudn lulausis 2 uay 3
~ > @ a o ° Jr o X
gnnazfulnan1sHuNAInAfL 1 1Ay 2 U i Tag  ANUIUUTARNNILAAID NN TULAY
anad (up and down regulated transcription) Q1WA 40 WAT 16 81 ANANAL AUARI Y
dl = 1 dgj 1 1 dl ¥ [ % % dgj al 901 A
A17197 3 Uaz 4 BumaniianadninazinaadesiuanuEuniunaenszinnduinna vreena
Fanduii candidate gene Razinunlaaulaznagause Faetnadu Tag 3 Tulausis 2
y Y X o % o 2 X g
waz 3 Wagnnszgulasmannszlandtinnna duinisuanseaniinay iy 729 uaz 985 an
winlulausns 1 Hiieehiies 47 copy WeAUAN (Blast search) Tugiudayavastiunudn
Taq 3 g Mitogen-activated protein kinase LAz Tag 61 Annruanseanaasguluganin

N 22 copy Wagnnszsulaamaenszineduinia 1 uaz 2 41 aruauguinnawu 89 uay

o
v o

120 copy mnaAL iWeauAulugiudayanudndu Hypothecal protein saEuiieadaariu

ANTNUALN

4. n19lARYU candidate gene NANAINNLITRINLANMNATUNMUINAENTEIAARUIANA
¥ o X . [ ~ 3 o 1 Y o
1snnnsTaan Tag 61 (hypothetical protein) AANNILAY TANAENINITHAAFDLAINL

dl . . . o o 73 = | 1
wWanenLlu plasmid (plasmid construction) ansuldoneguviTeannaeunisudnsaansa b

A miunislaau Tag B inAR1LHLN190
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Tag No. Seq %c | %d1 %d2 Sage/Gene
Tag3 CCTACTGTCC a7 729 985 H_Mitogen-activated protein kinase
Tagb1 CCTTTGCTGC 22 89 120 H_hypothetical protein, cDNA from drought stress
Tag74 TGTAAATACT 11 76 100 Dormancy associated protein, T_putative,

T_transcribed seq

Tag35 TGTTCGTCCT 80 116 129 H_glutamate receptor

Tag99 AAGGCTGCGG 33 98 16 H_eukaryotic translation

Tag246 TATGTCCGTC 7 15 43 Na' phosphate transporter

Tag132 CTGGCTTTTG 18 27 67 Cellular structures gene: nuclear envelop

epidermal cell

Tag273 CATCAACTGT 7 24 28 H_hypothetical protein, T_pollen

Tag256 GGGAATGAGA 11 18 33 H_glutathione; peroxidase (H)

Tag100 CTGCTGGATG 29 43 46 H_chromosome

Tagb54 GTTCAGTGCT 44 89 120 H_ubiquinol; cytochrome C (H)

Tag573 GATGGCAATG 0 9 24 Hypothetical protein

Tagz267 TTTTCCTTGT 0 18 43 H_Cyclophilin A (PPIA peptidylprolyl isomerase A)

Tag38 GCGGCAAAGC 88 107 124 T_nodulin MtN3 family protein, Treat with NaCl,
drought
Tag167 CTGTTGGATT 18 24 48 Jusmonate carboxyl methyltransferase

overexpression

Tagb82 TTCAATGCCG 3 6 24 Transcription up-regulated by salt stress, Anoxia
Tag445 GCTTGAGATT 3 36 0 H_no name

Tag400 GAGGATCAAT 0 9 33 H_no name

Tag397 AGGGGGGATA 3 6 33 H_no name

Tag143 CATCAATAAA 7 27 72 H_no name

Tag370 TACATAGACA 3 9 33 No match

Tag134 CAATCCCCCC 18 36 57 No match

Tag104 GTACATACTA 33 76 33 No match

Tag328 AAGTGCGTAC 3 33 14 No match

Tag93 TACGTGCATT 18 95 48 No match

Tag42 CATCTTGTCT 51 132 120 No match
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Tag Tag_Sequence Project | Project | Project | Project

No. 1 2 3 _total

37 GCGGAATAAC 161 86.00 72.00 319.00 | 0.28 | No match

39 TTGCTTGGGA 168 73.00 72.00 | 313.00 | 0.28 | No match

44 CATAATTGAA 154 83.00 52.00 289.00 | 0.25 | No match

45 AGTATATTTC 157 55.00 76.00 | 288.00 | 0.25 | Ta.28735 Transcribed locus,
strongly similar to NP_194150.1
shepherd protein (SHD) / clavata
formation protein, putative
[Arabidopsis thaliana]

48 AGGATGCTCC 124 55.00 96.00 275.00 | 0.24 | At.11015 Dehydration-responsive
family protein

49 AATTGAGTTC 102 70.00 100.00 | 272.00 | 0.24 | At.27314 ADP-glucose
pyrophosphorylase family protein

52 TATCAATGTA 117 61.00 81.00 | 259.00 | 0.23

56 TAAGTGGCAG 102 83.00 62.00 247.00 | 0.22 | Ta.1395 Transcribed locus, strongly
similar to XP_475281.1 unknown
protein [Oryza sativa (japonica
cultivar-group)]

63 AGCTCCTTAA 110 43.00 76.00 229.00 | 0.20 | Ta.15455 Transcribed locus, weakly
similar to NP_188286.1
translationally controlled tumor family
protein [Arabidopsis thaliana]

64 GCAGTTGGCC 101 36.00 48.00 179.00 | 0.16

86 TATTTGAAAG 110 18.00 38.00 166.00 | 0.15 | At.27385 Expressed protein

118 CAGTATGCTG 51 21.00 48.00 120.00 | 0.11 | Ta.4729 Transcribed locus, strongly
similar to XP_482574.1 putative
polypyrimidine tract-binding protein
homolog [Oryza sativa (japonica
cultivar-group)]

160 TAGCATCGTG 40 21.00 33.00 94.00 0.08 | No match

182 GAATAAAAAT 36 21.00 24.00 81.00 0.07 | No match

207 GGGAATTATA 44 21.00 9.00 74.00 0.07 | No match

233 TATGCAGGTG 44 21.00 4.00 69.00 0.06 | No match
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