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Abstract

Project Code: MRG 5380221

Project Title : Control of flower Senescence-Association on Curcuma alismatifolia

Gagnep. by using antisense technique and ionbeam application
Investigator : Dr. Supuk Mahadtanapuk
E-mail Address : burinka@hotmail.com
Project Period : 2 years

Abstract:

In this report we present a novel method to induce gene transfer in plant using a low-
energy ion beam. Aim of this work was to suppress an expression of ACC synthase gene in
Siam tulip, Curcuma alismatifolia Gagnep. An cDNA fragment encoding ACC synthase from C.
alismatifolia Gagnep. was isolated and its expression was analyzed. To determine the
expression of pCa-ACSI , the northern blot analysis and RT-PCR was used for gene analysis
by specific primer. The result showed that the Ca-ACS/ and Ca-ACOIl genes were detected in
bract and flower of curcuma. The highest expression of genes was observed at postharvesting.
after flower was cut. The Ca-ACS/ was subcloned pBI121 resulting in pBI121-Ca-ACS/ , then
transformed into model plant (Torenia foumieri) by application low-energy ion beam at an
energy of 28-50 keV with a fluence range of 1014—1016 ions/cmz. After this treatment, the
transgenic plantlets were confirmed by PCR analysis and a histochemical GUS assay. Highly
efficient of transformant tissue was showed as a method to plant transform with application low-
energy ion beam bombardment. Moreover the transgenic plants were selected randomly and
flower senescence was observed during natural senescence. Antisense gene-introduced
transgenic plants showed statistic significantly greater longevity compare with wile type.

Keywords : Curcuma, ACC synthase, ion beam
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In this report we present a novel method to induce gene transfer in plant using a low-
energy ion beam. Aim of this work was to suppress an expression of ACC synthase gene in
Siam tulip, Curcuma alismatifolia Gagnep. An cDNA fragment encoding ACC synthase from C.
alismatifolia Gagnep. was isolated and its expression was analyzed. To determine the
expression of pCa-ACSI , the northern blot analysis and RT-PCR was used for gene analysis
by specific primer. The result showed that the Ca-ACS/ and Ca-ACOIl genes were detected in
bract and flower of curcuma. The highest expression of genes was observed at postharvesting.
after flower was cut. The Ca-ACS/ was subcloned pBI121 resulting in pBI121-Ca-ACS/ , then
transformed into model plant (Torenia foumieri) by application low-energy ion beam at an
energy of 28-50 keV with a fluence range of 1014—1016 ions/cmz. After this treatment, the
transgenic plantlets were confirmed by PCR analysis and a histochemical GUS assay. Highly
efficient of transformant tissue was showed as a method to plant transform with application low-
energy ion beam bombardment. Moreover the transgenic plants were selected randomly and
flower senescence was observed during natural senescence. Antisense gene-introduced
transgenic plants showed statistic significantly greater longevity compare with wile type.

Keywords : Curcuma, ACC synthase, ion beam
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1. MIAWANEW ACC synthase LLaZ ACC oxidase ?ladfl.l"q&l&n
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(QIAGEN). 121’1miﬁmaﬁvl,@wlﬂm’maauqmmwﬁasl 1.4%agarose/EtBr electrophoresis WRIN
st U duduuunlunisvin cDNA

1.2 ANIFILAIIZH First Strand cDNA (RevertAid® Fist Strand cDNA Kit, Fermentas,
U.S.A)

1.3 n1uean ACC synthase ez ACC oxidase arenaia RT-PCR

wasnNUWINTuEIuaLEweR ldnuLIBMT  RT-PCR lamiameudis  Agarose
electrophoresis dauaLdLEuevIAfidasnislasgumnaifisuivrwmevesdiduenasgm i
131 eppendoft tube WA 1.5 ml 71 4°C e auanNGLEwaaoN LA (elute) L&
FugmdduenugnldudrlUiRuysanmlasns subclone 4°C tathanueniendiswasanain
198 (elute) udinFud I Fwariuonldud Ui mlasnns subclone ngWaENaaLw
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14 nsavasounuainsenlesuaLsuomunay (recombinant DNA) lagnsuen
waafialasds Alkaline lasaautasannituas Maniatis et al., 1982.
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agarose gel electrophoresis ﬁﬁm‘sﬁwatﬁmavlﬂgj nylon membrane (Roche) uazlt probe fa
DNA filih3wiadu ACC synthase uaz ACC oxidase 284tnan fildann1svi PCR lanlddiau
=3 v v é a ¥ . .

wanlaawdudiduaduuuy (anda 1) 99 probe zpndaasinlasldya DIG High Prime DNA

Labelling and Detection Starter Kit Il (Roche) &3 ntutinms hybridization 7 68 °C uaz
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MNMNATBN  total  RNA - lasmianaanniuaenuaznduifiisuvasdyusnanuald
aztdoalululasianman mnifmﬁuéi’aasmﬁqmﬁgﬁ 80 °c ol lunmsanaensifue
(total RNA) lag/l RNeasy®Mini Handbook (QIAGEN). ‘ﬁnmﬁﬁmaﬁvlmwlﬂmnaauqmmw
@28 1.4% agarose/EtBr electrophoresis W91 total RNA ﬁvlﬁﬁQEuﬂ'lwaI@Uﬁ]:ﬁdLﬂ@lL‘ﬁuLLmJ

28S LAz 18S ribosomal RNA AILEAIAIATNT 1

WA 1 21518WaNATIAREUAUNINGIY 1.4% agarose/EtBr electrophoresis

waso i lidweuuuuluniivin cONA  Tauni3saiaTney  First Strand cDNA
(RevertAid® Fist Strand cDNA Kit, Fermentas, U.S.A)) LASUNRITAZALAI b eppendorf tube

U119 0.2 ml %dﬂizﬂauﬁ’m migl,aul,a“nuqi‘mu@ 0.1-5 Lg , oligo(dT),g primer 0.5 |Llg L&z
deionized water lfasu 20 LU wawlWidhiwun g dudl 70°C win 5 min ndkuTRABAL
ﬁﬁLL“ﬁdLLﬁ'ﬁLau 1x reaction buffer, RiboLock ™ Ribonuclease inhibitor 20 Unit/reaction WazL@sl
dNTPs 1 mM (dATP, dTTP, dCTP Laz dGTP) nanliigiu Uud 37°Cwin 5 min ﬁnﬂifulﬁw
RevertAid "™MM-MuLV Reverse Transcriptase 200 Unit/reaction ‘]_i&l‘ﬁl 42°C wn 1 hr LaEHEa

UiAzunlasanuiaud 70°C wiw 10 min Wiy First Strand cDNA 17 -70°C  sh'lduinens

USundLdualagauiwns RT-PCR lagian11zaa9n1svinadansen 1



@197 1 ugasIowluwa9l i3 PCR lumadia RT-PCR twauand@Ldwiauwalszanm
500-600 fLUE
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1314 eppendoft tube 2@ 1.5 ml i 4°C WNaNLENLEALEREBENINLIA (elute) WA
& A A v o A A o 2 a
Fugiudtdnanuen lawad liWNyUSumlasnns subclone 4°C NataNLeNL@ALBULE2ENIN

v o A A & A v o A a o A A&
198 (elute) uahIndInAIEwaNuen ldud luiRnUIumlasn1s subclone gnaafiafian
1@ A8 pGEM-Teasy lag/lf T4 DNA ligase lumsiTandadidulaiiinunaiadauadsitussane
o A A . o ¢ A a o oA A A [ A A
whguuafiiSy  Ecoli oW DH500 Tilinisamfenuuafisulasgansmedunifuaaiun

o A & 4 aa A ] v v A o AA A vo
gImsAaLian  nBwiuuafiSaNaein lesumIssanaduluvinnsaTiaseuiuafisan ey
ALBULOFUHAY (recombinant DNA)  lasmsuen wanadalas3s Alkaline lasaauiasannid
289 Maniatis et al, 1982.  uaWhmsamaraunaalalasmsaasmoianloiaadiiniy
(restriction Enzyme) aTIFaUMIAaMmuLan lTaadwizlasyin agarose gel electrophoresis

A a (% a P @ A v & A & A
lagu/3auisunuunu@iduennasgiu (molecular marker) 1ia'ld clone NlasuTusIHALIUEN
ladnldudy Sehldwisduiausstihldisuteyanugudoyaisu NCBI wuidusudidue
A o A A o o AAA AA A A A o o @ ° A
niadudundnsedstunauasiadteandasdaiaiandauiur lviudaandunsaasdlu

v o a a o A A A A A o A A A A AAA Ao w
usvhmassuifsunuissfieanianaunlannunssiadusg s lwedTdsunaisiay
WlauwnunTdn  69-82 % lagluwileunuiNwadsaluih Musa acuminata, Cymbidium sp.,
Vigna radiate, Citrus sinensis, Pelargonium hortorum, Petunia W8% Nicotiana tabacum
! A a Ao A e A A A Y A
sruadfeandinaiiauindaunuiraudalugiudoys NCBI Aa Solanum  tuberosum,
Nicotiana tabacum, Pelargonium hortorum, Prunus persica W< Trifolium repens lasfinnw
WAaU 80 %, 79%, 77% 76% WAL 75% ANE1AU AILRAIIUANG 2 uay 3 lauduledTEumng

uazlagTaandiaalun1IIuhlRTadn Ca-ACS/ ua: Ca-ACOI aadaL
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WA 3 MatSsunsuanunlautadd T T anTFasNNNWINUNTTHRAD 1 6 lugmmaga
NCBI lagiaIadnang * LaaIANNIAT auaINInazl Il uNTILdazTha
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2.M3ASTBUNTUEAIDaNVBIEW lagI5 Northern Blot

PNNNIAILY RNA mnﬁmﬁaﬂnwmmaadm@mq wu lU aan s1dw nAULBY Nane
RNA aniiteifiefidosnmsaiatianm 10 ug. ﬁ,ﬁ"lﬂﬁ']ﬁLSuLaﬁVL@“lﬂmaﬁ]aauqmmW@TfaUmﬂﬁﬂ
agarose gel electrophoresis ﬁ’m’liﬁ’malﬁmavlﬂtj nylon membrane (Roche) wazld probe fa
DNA 753984 ACC synthase uaz ACC oxidase V89UNUIN i'leanmsvn PCR lagldaias
eanlaawdndifuwaduuuy (anda 1) 9 probe azgndaannlasldya DIG High Prime DNA
Labelling and Detection Starter Kit Il (Roche) %ﬁdﬂﬁﬂfuﬁﬁﬂﬂi hybridization ‘ﬁl 68 "C L@
detection lag/ld chemiluminescence with CDP-Star (Roche)uaz exposed lag X-ray film
(Amersham) wadsngidu Ca-ACS!  amanulunduifisuveinantnuanuazinisuaasaan
agetaanluniuifisanaianaananuad 2 i asnwd 4 sauludu ca-Acor avanulunay
aanuaznduifisusasaandyuuuaziniuaasaanaditalanluniuaanuaznfuiisnnanin

AAADNULAD 1 % I@y"l,;imeaaﬂsl,uamwﬁm:@?uslﬁl,ﬁ@m@u,wa AINNN 5

qu \ ‘!‘ o =< v Y \J a S v
FPUAIUNMINIIANH HaIN1INANdN Glumummnaumﬂu ('3‘1-!)

total
RNA

MWN 4 NMINTIIRAUNIILRAIDNVAIEW Ca-ACS/ 1a83T Northern Blot
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o

A 1A = v o =
Fuaauimmsanm msnszdulaginuanwa (i)

Tu a10%  nauiEN  @an 0 30 60

Ca-ACO1
total
RNA
naamsnanen ludiuvesnauien (3u) naamsnaaen luaiuvesnauaen (3u)
0 1 2 3 4 0 1 2 3

Ca-ACO1

MWN 4 NMINTIIRAUNIILRAIDANVAIEY Ca-ACSI 1asAT Northern Blot
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1a6IIANIUFAI0aNVBIEN Ca-ACSI ez Ca-ACOl  launadia RT-PCR lasldaniizanu
TN 2 wodwadnngiidu Ca-AcS!  eamanulunduifisuvadnentnuanuaziinis
LRAIDANALNITALAWIUNAULALURAINAAAANLRD 2 D9 3 1% &§I3luEn Ca-ACOI a31anwulu

a =) 1 o = = = Qs L v =2
ﬂamaﬂﬂnwmLLa:umiLLamaaﬂamw@Lﬁluluﬂau@1aﬂLLazﬂmJmswaaa’m@@@aﬂum 1992
% AININN 5

a79N 2 ugasiowluwaslfien PCR lunafia RT-PCR twausndtautalasldlwiuain
LANIZIANZAINVE Ca-ACS! waz Ca-ACO/

qunnil 94°C 94 °C 59°C 72°C 72 °C 4°c

ITHZIA 2 min 45 sec 45 sec 1 min 10 min o

TIUINIDY e I —

g g ! = = U
naamsaaaen luaiuvesnauiien (3u)

1 2 3 4 5
_ o
“ I E_ X B ]
o U 1 = U
naamsaaaen luadiuvesnauaen (3u)
1 2 3 4 5

_ o

Actin

J’]’]Wﬁl 5 NMIATIAROUMIURAIaanVaddn Ca-ACSI Uaz Ca-ACO! I@]Eﬁ% RT-PCR
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TagnIuaasaanuaIbin Ca-ACSI/ ﬁmaawﬂuﬂﬁuLﬁnmamaﬂﬂnumua:ﬁms
LRAIDANALNITALIWIUNALLALURAINNAAADNULRD 2 7% Uaziw Ca-ACO/ fn1Iuaadaanating
TOLABIUNAUADNLAZNAULUNRAIINAAADNLAD 1 1% WHTAINUFIAAFDINUNITHAALANT AW

o o @ A ' A a Aa A 1a o A o
ADNLMNUIMAINIAAABNGINNA 6 ﬂsmﬂaﬂsmml,amaulu@aﬂwﬂimmqa‘lmu‘n BRIIIN

NMIAAADN
9N
0 1 2 3 (5u)
naveN
0 1 2 3 4 (5w)

ANN 6 é’m:rmmaﬂﬂnumLLa:miwﬁmaﬂﬁﬁu%&m‘”@maﬂ
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3.N13A@N®A Character 2098 %

matasan DNA anludnuan dezendldiSn13aas (Doyle and Doyle, 1990) udavims
Jiarzilasmnadia Southern blotting Lﬁamaﬁﬁmu copy number 28984 ACC synthase lagsing
WBWwaanaa 3.1 YSunmw 20 pg. snnnaaalstawlodizw EcoRl, Pstl, Hindlll waa3i lUindiduie
ﬁ"L@”'Limeaauqmmwshﬂmﬂﬁﬂ Agarose gel electrophoresis vin13thadiauiallg nylon
membrane probe fia DNA fdnswafiu Ca-ACSI V83UYUAN ¥NMT hybridization LTwIALINY

Northern blot WL91E% Ca-ACS! TG RIILALILLDAAGILLAW LTNAINANIAILFAI AN 7

MWA 7 MINATILH Ca-ACSI lasinafia Southern blotting
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< 5 P A v aa . . a v . A A
PMNUBUINNIINDNLUUAILID antisense technique VBILH ACC synthase LUTFLUBLED
Unuanlas Atumefaciens  lasfhodudaanziioulsd ACC synthase n3a ACC oxidase

Wdausaly waglauuy antisense lunanaila pBI121 (construction gene) GILEASIUATNA 8

Ca-ACSI

NOS NOS NOS

pro ter ter
RB NPTII CaMV 35 pro GUS LB

N

Probe
AWN 8 MWFWAUINTTENABIURLY antisense 28384 Ca-ACS! luwaalia pBI121

WRINNITOGOHULLL antisense MAWAIREA pBI121  WAIFITNUWAFTAALAWLDENE
Wauguuaflisy A, tumefaciens lasminmusWaiiutudioitaidalasinistulaslfitenly
289103098 8AINTA0T A auINtWWIN 2.5 kV, 2.5 UF WAz 200 ohms. INUUHNNITATIIFAL
laaud lasunaadanazdundasnislasmsenananaliadiduasnaameordu laiaasinzian
o AaaAa o \ o ' v A o ' o i A
iupefiFoainanluvnslgndadhgisdiaing lasin A tumefaciens fiknwnInTIasey
uiass Tuenmiamadgas LB 71l 50 mg/l Rifampicin uaz 100 mg/l kanamycin N1gmwnil
28 °C eg1Nausy 150 rpm W% 2 An ﬁnﬂﬁfuﬁﬁ"lﬂﬂg}mhULﬁﬁg&LﬁaLﬁaﬁ%é”Jamaﬁa
naandiiie (Sinningia speciosa) WaZ WIINLYMN (Torenia foumieri) lag35va4 Supuk, 2006
ARINNTNAW DU 9 unaIReuNamIaIanain lasmaiia GUS Histochemical assay
uazinaiia Polymerase Chain Reaction (PCR) WUINWTA28L19NANNTHIGNSNLLALALAWLEN

(d‘ v A [ d' d‘f A A o
T lwinasNanzianzaInudn GUS gene aduaadlbaInd 9 waziitaldaNTuaainIsyinaIuwes

GUS gene lasuaasatininlualatnefe asuaadluniwd 10-11
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MWA 9 MIaTaRTaetsnEuMTEsansdulasmaila Polymerase Chain Reaction
(PCR) laglglnimasnianizianzasnuinlunisasiagey GUS gene 1ila M fa

DNA Marker, C fa W lulagenadn ey P Ao wangdadldwia, 1-7 Aanwwn

HIWNIRITNE%
A C D
B
E F
control pBI121 pBI121-Ca ACSI control pBI121 pBI121-Ca-ACSI

MWA 10 NMIATIINIFNNUVBY GUS gene lwitatliandandiile (Sinningia speciosa)

=l

\Wa A-D Ao Lialtansiiwiziaudlt tissue culture wa: E-F Aalitaiia

AIRAUNIUFAIDDNYDY GUS gene
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(D) (E)

WA 11 MIATIANINULed GUS gene lwitaiiialu uiugs (Torenia foumieri)
u,a:ﬂmmnﬁa A-C Aa atdaNtNniwizianaln tissue culture way D-E @a

& A A
LBLEANATIIRBUNILRAIBENVYDI GUS gene Iuﬂnwmuazunuqﬂ
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J o a ~ v a v A @ ' A o
uanmnumwms@maama:ﬂmm:awlumsmmﬂuumgwmmamo‘[@maanlm
& A a . A '
wonfendiitedalIoufousfiaves A. tumefaciens Tha@1d  fa AGLO Uz LBA4404 law
wudwmﬂw”uf AGLO Iﬁﬂszﬁw%mwmiddmﬂgdﬂiﬁ LB4404 ﬁoLﬁaﬂaﬂsw”uf AGLO lunns
WSyuiguanNT NI WY aduuanss lagnaaasaindmnu T waILUANISy  Add1 O.D.
0.1- 1.0 INNINAFAIWLINN O.D. dwviny 1.0 Iﬁﬂszﬁwfmwmidamslmnﬁqml,a:l,ﬁaﬁ’]
AA Aa A o . e & A A '
wuafisufiidganauuas 0.D. 1.0 asna lunasavluwnisvunuiataluszuziianuanens
o A Qq'// 1 =3 s 1 1 dql, > dql’ di %% o v a a 1 1
NWABAILE 3 D9 9 7% WU UNBanutkatdatduiian 7 7 azvinlwlszAnTaIwnIIseansuIn
ﬁqm"’ma@ﬂumwﬁ 12 LLa:Lﬁaziw@”aaaiﬁoﬂé"aﬂé'ﬁ'tﬁﬂﬁsi’mn’ﬁmmﬂvl,ﬂm'maam‘hmemaa
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9.5

5.5

4.3

MWA 13 MINTIFaUGILAUITaIBwNYInNsastnelundandiitalasdd Southern blot
analysis 1at) 8% GUS 11 probe la P fa waaladiduia (pBI121), C
fa Nanhllarennedw uaz 1-8 AaNTANIWANIFITNLEW
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4.0 ntnan1sdvazdulaalrlaaawiunassiwen

A o o ' A ° g & A A

Lwa‘mmamawﬂ@ﬂmlwaaLmuqi’mﬂﬂm,wwzl,aml,uawamqﬂizmm 1 1@aw AN
AAUMWALUIZNII 0.5x0.5 cm MILBUANTEAIEHNIY NRIBKINTALEY 1 19uwaNwAsILTa
° A A v . o { 14 18 2
W lUsranbanlasls Nitrogen ion (N+) Wad9% 28-50 KeV wazaud 10 89 10 ions/cm

. - N A N N Ry X
TauaaNUNNITWIA 2x2 cm AAAIUBINWLADITOLEINN LU IR T oA BURIWNTNH1BNITLRE
d‘y o dll ] dq’ v o Qs [ =) v ﬂl

Tagniawnziasy 11 leuwndnNeIwmsaTanad et ldszaudsaianiadlanan

a A 1 1 Qs { 4 { o
BuNaIULAaT CMU-3 Gafidaudsznaudnig aanwi 14 enaudawlanmnua

WA 14 10304 laaaudunaiuwlaas CMU-3

ﬁnﬂﬁfumé’@mmiia@maoLmaﬁLmﬂﬁL?wsﬁgmmuﬁﬂcﬂmﬂ%‘ymﬁﬂuﬁu control @@
Vac- il control ﬁayj’iuamwﬂﬂﬁl,l,az"lsjgmmuﬁo way Vac+ 11w control ﬁaglu Vacuum Waz
Vlﬁgﬂsz@uﬁﬂmﬁwﬁ"ﬁ ﬁaQuumﬂmamLﬁmlugmmm‘s MS ndzasluwlwmaminzaulunig
1 a e o v { a J g o a qq:
regenerate VBINTLARZTAN UL WINAUALAAYIABUAL control ¥inM33zuudednassluainy
A o v Ada ' v R o o . A o A v A a <&
gmmwml%wmmmamrmﬂ'n 50% LA2ITAEI9INATINNITEANTINIIRANNIZLANDNATIN

' { o { 15 . 2 ° v Aa ] 4
TINNAIU 30 keV LazANUD 10 ions/cm mlmn@mmmmﬁumnﬁq@
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a ] a ~ @ H
AN 3 NMTRIRANICNITIRINEY E]uI@ Ulﬁﬂaﬂuumwaﬂﬂq%@n

IApplication low-energy ion beam|Percentage of explants showing| Frequency of transformed shoot

at an energy of 30 keV with a GUS spots (%) showing positive PCR
different fluence range
pBI121 | pBI121-Ca-ACSI pBI121 pBI121-Ca-ACS1
10"ions/cm” 2 4 8 8
10"ions/cm? 4 6 12 14
10'%ons/cm? 0 4 6 12
Wath TuRsf i wiIszaufifianudutuasldsauiufmanzau mﬁjaﬂ,u

A &

AaA A . A A A o [ A
mIazmenInaaiafaidwalte pBl121 NUTTIEUNLNITAE ACC synthase TIUTTIULL sense
uaz antisense TuAuTuTud199 1w 1, 10, 100 lulaInuvesdidme luszpzafifuuandis
WA 1, 5, 10 wifl nmInasasnudmsiunanududu 100 lulainiu uaz 5 wif 16
Urfninmwnssadoduannige wasnnuwiuieianiadudiuiafiniunsasiioiulliae

Aa A Y @ v o o A A L A
luanmisgas Ms Afleasluu than1Inszdu regenerate lliluduudrinduisnenunmsdsdoi
Q =Y o & 1 IO 1 1

aaianlag3ITn1saTagey PCR Uazmsyinau GUS gene Tawuinlunanvinmsasanadud

& { Qs {
WaUALBULEIMAYTE I 500 bp TauamauasfunaIanansuad GUS gene AILEASAATNA

¥ bt 1 g o :‘ a :&/ o o

15 #aNINNANTAIDENILILRAINTFNULEY GUS gene  lasuaadFiIudunadannnivin
GUS Histochemical assay @4nWN 16 wadniuinaduncumsssanaduliidosluanii:
naaanaaaduazdugnIzng NaaIsnEMzaanuazatgaan W luief ldsunmadsdiedany

A ] o 6 A o A
(ﬂﬂﬂﬁ%ﬁ%ﬂ’]ﬂluwuﬁqm&l@h‘]LL&@OI%ﬂ’TW“ﬂ 17
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DNA marker 1 2 3 4

A A A oo ] a @ H A .
MWN 15 MIATRFaUNTN besumsasanslas loaauiunadnudr lag 1 Aa plasmid
pBI121, 2 A NTNFITN8@18 plasmid pBI121, 3 Aa NTN&IEN8a28 pBI121-Ca-ACST Uas 4 A

Wi lailerdaine
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{ s 1 o 3’ a é/ Q o
.ﬂ']Wﬁ 16 ﬁﬁ@nﬂﬂqﬂﬂqﬁﬂqdqumﬂﬁ GUS gene I@]ULLﬁ@\‘]ﬁ%’TLﬂu"ﬂu%ﬂﬂ'ﬂ’]ﬂﬂqi‘ﬂq GUS
Histochemical assay lag A fa wafiillassanudu, B As Nofssdny plasmid

1 1 v

pBI121 uas C @i Aufisvdnuss pBl121-Ca-ACST
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27 3 -
@
2 -
1 -
O T T T T T T
control T1 T2 T3 T4 T5 T6

Treatment

NN 17 mq@\aﬂmaaLmuqswé’omﬂvl,éﬁ'umsdamUﬁmﬂ%‘ﬂmﬁﬂuﬁuﬁuf@u

\ia T1-T6 AaNTN lATUNIFITNEWILLL antisense V2981 Ca-ACST
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a 4 % ) [ Aa o
ﬁ?‘ﬂ LAZADNIIUNANTIINAQDILLAZYD LA WD LULWEATINRIUITNID Elcl%a%'lﬂﬁl

a W dq’ v =S v v A 1 1 s =} = = ;
\‘nmfﬂyu"lmwmmmmsngﬂ%m@mimmalw‘luwﬂcﬂylﬂaaauuuwada’mm Tay
P= - Aa e A o 3 =1 AAaa
fiagUzasdluvaimyispfansguginiuaateanvasbuedddunaluaandyuun Tag

q
(2 (2

A v o a AA & A o o o AAA A A P’
asduimsuanfusiusesdaidwenidriatdueddtwng uaziaffeandion neandny
FNNIUIN VAN S ULLFLAENILEAI8NTaIHULa85S Northern blot a2 RT-PCR Wu31N4
' Qs { A
aaaﬁmmﬁmaaaﬂlu@aﬂﬂnumlu‘s:mwmmmﬂﬁuLﬁm FIIMNNANTNARAIILNTURAIDAN
maaﬁuﬁ'&aaoﬁmwmaa@ﬂﬁ’aoﬁ'umm%wLawfﬁulu@aﬂﬂ'*qumuazn’mﬁawamwmamaﬂ 29019
& = A A A o o o & A &< A= o 1 a
TNIaIHw I RIUNN I TaINUVLIRANTRILATIZR AN TRY NIRAIVNNNIRIT D UL
antisense NaLnuNeluNIHUIINIULEAI0aNTITUAINEI IWNTEIBENIAD NEANDLHY WAz
ADALINYT Lﬁaammﬂuﬁ%ﬁ'ﬁmqﬁu a'nulué'fuﬂnumﬁfumﬂmummumimmmm:mm
ANBHEADNRAINITFITNLL M T wIwAaLIzaNm 2-3 T udarnnunrildnaunwIniinig
HULINILFONRAINUDINAN Lﬁaoﬁnﬂlu@aﬂLn’mqﬂwuduﬁaﬁ’mﬁdmwﬁu Ca-ACSI Wi
. ° @ A o A o A~ 6 4 ' o = A o ¢
antisense x¥iliaanIndaaigaanld uazlansueAlulndaug duansuzaan § illounug
LG uaﬂmﬂﬁmﬂﬂ'mﬁa‘"ﬂwudﬂmsﬂizqﬂ@“l:ﬁ"l,aaauﬁuwﬁ'\mw‘hﬁwﬁhmu 28-50 keV 7
A 14 16 . 2 o v a ] '
AND10 —10  ions/cm mmmmzq}ulmﬂ@mimmﬂ"L@T’L%@E]ﬂLLﬂ;JgS’] mu’luﬂ‘qum
d'l dlo dq’ A’l’ d'l = Ajl/ ) 1 o v v A 1
LA AIINNNTNINNNTNLLR LI L L a T AN NT I mlﬁ”lummmmvlﬂmzqul%mcﬂmma
deldlugnizaindnldiiasnnnibidisilessudatagluanizgyyimea ldenluns
¥ ¥ { o ' o & ) ° o o
g@mm%ummﬁmﬁamamaaaﬂ"l,wm ﬂmlummaUluaummml,ﬂu@admamazslumim:@;u
dwdlosaulnilavenldfudinsesiraingn 9 wwala wiareduiliaibadismaafauin
At MNIHAINIWILAINAIRINIIDRIFNIEANN RN lananiduilveTumitagnegalunrywaim
o 6 AaA Aa 6 dl = u?: = ] o U A
‘Wugﬂ“q&lw’ﬂ(ﬂUL‘Y]ﬂI‘I«LIaEl‘Ii’J‘Wﬁﬂ& 13489970 e s andukdIe9IwITgINIInn ILAANINANY
w”uﬁ:‘luﬂﬂﬁ I@ﬂluauﬂﬂ(ﬂé’ulmi”ﬁazﬁmwiazlamm%”slLﬁﬂﬂ%’ﬂﬂ;aw”uijﬁnum@iavlﬂ
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NMARWIN

= I
NIILAILNFIILAN

1. DNA Extraction Buffer

o o A =
N1AUN R1ILAA

1. 0.7 M NaCl

10mM EDTA pH = 8.0

50mM Tris-HCI pH = 8.0

4% CTAB

1.5% PVPP

20mM B-mercaptoethanol

100pg/ml RNase

©IN e alA WD

Deionized Water

2. MIAIBY agarose gel

M3LAILN 01.4 % agarose gel aZa8 agrose powder 1.4 g lu TBE buffer

53193 100 ml lgadlu flask aw1@ 100 mi ﬂﬁ"lﬂajulﬁazmmuﬁm NN 1IN

aanndvios seamlanguilszanas 60°C ﬁnﬂﬁummuu@@ﬂi:ﬂamﬁmuazsld%filﬁw (comb)

@

NI ALaLTIATZaN e 10-15 U1

3. MILeIBd 5X TBE buffer

fandsznay Tris-base
Boric acid
EDTA
Autoclaved distilled water

nad W Lﬁuvﬁﬁqmﬂnﬂﬁﬁao

4. @383 TE buffer

fawdszney Tris-base 40 mM
EDTA 2 mM

29
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275¢
465¢g
1000 ml



auNaNNInNanaN it i uaUsu pH 1RYinAL 8.0 @8 glacial acetic acid 1114

A ¥ o o Y 4 a o \ Y
uds&ﬂL%a@’lﬁlﬂ’s’]&l@uvlauﬁﬁqm%nuw 121°C aUaH 15 ﬂauﬂ(@’la@]’]i’]du’s wWIw 15 u’]ﬁ

5. MIL@I8N Gel loading buffer (6X)

fandsznay Bromophenol blue 0.5%
Xylene cyanol 0.25%
Glycerol 30%

nad W LL&T’;LﬁﬁJ%’ﬂmluﬁLﬁu 4°C
ATNLRAIDHIAYBY DNA Marker
b

5510
o0
400
300
200

100

1 Kb PrLus DNA LAaDDER
0.7 pglane
0.9% agarose gel
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DNA Marker: Lambda Pstl
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Output 1nla3en13398filasunwain ana.

A a a a dl v ' dl dl dl 1 n:i

HAUARUNLIUIINTITINMIWINT@ (szuTaruds TaiTas Tansans O wud

d' v A ci %3
AU WAZWIN) NIaNauaanaa Llusyuilasins
a;stzmnmidaLﬁ'aﬁﬁuwﬂmﬁmﬁ:@ﬁmmmaasmﬁam’{hmu 2 1389 9
TNUALLAUAVDILANFIIL LTI
myuanwIan tdltdse Tamd

a A = > s a = a aAa =)

9315 ANINWINIISIWNNTRAY 2 31108 FTUNAuladTIn WA Las
a g g 4 v @ A @ 1o & ~ o o L= 1 %
Seuwiziagdiiatia a9unIulnddnum 2 an mﬂaquumaoﬁﬂmmalmmu

Pyanln amingnsawsien

A a a a ) a A Y a
Bk e Nﬂ’]iLauaNad’mslu“nﬂizq&l’s“ﬁ’m’]iiz6111%’1%’1"11’1@1 2 1389 NINURLLDUAUD

LONRITHWUTINE
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Abstract

In this paper we present a novel method to induce gene transfer in plant using a low-
energy ion beam. Aim of this work was to suppress an expression of ACC synthase gene in
Siam tulip, Curcuma alismatifolia Gagnep. An cDNA fragment encoding ACC synthase from
C. alismatifolia Gagnep. was isolated and its expression was analyzed. To determine the
expression of pCa-ACSI , the northern blot analysis and RT-PCR was used for gene analysis
by specific primer. The result showed that the pCa-ACSI gene was detected in bract of
curcuma and the highest expression was observed at 2 days after flower was cut. The Ca-
ACSI was subcloned pBI121 resulting in pBI121-Ca-ACSI , then transformed into model
plant (Torenia foumieri) by application low-energy ion beam at an energy of 28-50 keV with

a fluence range of 10'*-10'® jons/cm®. After this treatment, the transgenic plantlets were

confirmed by PCR analysis and a histochemical GUS assay. Highly efficient of transformant
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tissue was showed as a method to plant transform with application low-energy ion beam
bombardment.
Keywords

Ion beam bombardment, transformation, ACC synthase, cloning

1. Introduction

Flower longevity is one of the most important characters of ornamental plants and
extension of the longevity is a major target for improving the flower quality. Generally, the
cause of short vase life is influenced by ethylene in many ornamental plants[1]. Ethylene, a
gaseous major phytohormone, is one of the simplest organic molecular that exhibit biological
activity. The biochemistry of ethylene biosynthesis has been a subject of intensive study in
plant hormone physiology [2]. In the ethylene synthesis pathway were the establishment of S-
adenosylmethionine (SAdoMet) and ACC as the precursors of ethylene [3]. On the basis of
the pathway, the first committed step of ethylene biosynthesis is the conversion of SAdoMet
to ACC by ACC synthase (Sadenosyl-L-methionine methylthioadenosine-lyase, EC4.4.14)
[4]. In addition to ACC, ACC synthase (ACS) also produces 5-methylthioadenosine (MTA) in
this reaction, which is then converted to methionine by using a modified methionine cycle
[5]. Finally, ACC is oxidized by ACC oxidase (ACO) to form ethylene.

On the basis of this knowledge, the enzymes that catalyze these reactions were
characterized and purified using biochemistry approaches. The first successes in molecular
cloning of the 1-aminocyclopropane-1-carboxylic acid (ACC) synthase gene [6] and ACC
oxidase (ACO) genes led to the demonstration that these enzymes belong to a multigene
family [7]. Since then, ACC synthase has been isolated and its expression analyzed from
many plants [8], such as winter squash, pear, apple, banana, and carnation. Further, the

endogenous plant genes can be inhibited very effectively by antisense genes. This was shown
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Aida et al [9] who used an ACC oxidase antisense gene to inhibit ethylene production in the
flower petals of transgenic torenia plants. These results indicate the general feasibility of
down-regulating ethylene synthesis. It seems likely that, if the production of ethylene can be
reduced further, it may be possible to delay senesces process in transgenic plants. In addition,
the introduction of ACC synthase gene, or ACC oxidase gene [10] by antisense technology
caused reduction of ethylene production and a delay of flower senescence [11]. Therefore our
hypothesis is that the suppression of the genes involving in ethylene biosynthesis that
regulate flower senescence of curcuma might extend its flower longevity.

To understand the molecular functions of ACC synthase genes in Curcuma and to mean
ethylene production knockout by recombinant technique, cloning and expression of ACC
synthase genes are essential for anti-senesce or gene silencing technique that reduces ethylene
production, ultimately enhancing the storage life and quality of the harvested products.
Moreover, the new technique of transformation into plant tissue by application of low-energy

ion bombardment has presented.

2. Experimental
2.1 Plant materials

Curcuma (Curcuma alismalifolia Gagnep.) were obtained from the Chiang Rai
Horticultureal Research Center. The curcuma var. Chiang Mai Pink was grown under the

greenhouse condition and used for RNA preparation.

2.2 RNA isolation, Cloning, and Sequencing
Total RNA from fresh Curcuma (Curcuma alismalifolia Gagnep.) flowers was
extracted by using RNeasy® Mini Handbook (QIAGEN). The RNA was used as template for

reverse transcriptase (RT-PCR), degenerate forward and reverse primers were designed from
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highly conserved domains of ACC synthase sequences such as TNPSNPLGTT (F1) ,
PGWFRVCFAN (R1) and HIVYSLSKDL (R2) (forward primerl : 5’PAC IAA YCS ITC
IAA YCC ICT IGG IAC , reverse primerl : 5° CG(CT) TT(AG) TG(ACGT) G(GT)(CT)
TTG GT, reverse primer2 : 5’PCC IAC ICK RAA ICC IGG for ACC synthase. The
amplified cDNAs were ligated into pGEM T-easy plasmid and named pGEM-Teasy-Ca-
ACSI . Plasmid vectors that positive hybridized with ACC synthase gene were sequenced by
BSU (Bio Service Unit), National Science and Technology Development Agency (NSTDA),
Bangkok, Thailand. Plasmid DNA was prepared for sequencing using the Big-Dye
Terminator Cycle Sequencing Kit (Perkin-Elmer) and following manufacturer’s instructions.
The sequences obtained were analyzed with the Genome Net (NCBI) database and the

fragments for ACC synthase named Ca-ACS L

2.3 Northern blot analysis

Total RNA isolated different organs (petal, bract, stem, and leave) and bracts after
postharvest of cut flower were run on formaldehyde agarose gels (20 pg per lane). RNA was
transferred to nylon membranes (Roche) with 20x SSC and the blots were baked by UV light.
For probe preparation, a cDNA of ACC synthase named Ca-ACSI from pGEM-Teasy were
digested with EcoRI and labeled with DIG High Prime DNA Labelling and Detection Starter
Kit I (Roche) as probes. Hybridization and detection procedures were performed as
described by manufacture. The prehybridization was performed for 3 hr at 68 °C in a solution
containing 5x SSC, 50% formamides, 0.1% N-lauroylsarcosine, 0.02% SDS, and 2%
blocking reagent (Roche). Hybridization and detection procedures were performed as

described by manufacture (Amersham Pharmacia Biotech).

2.4 Plant Transformation
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To prepare the plant tissue for transformation by ion beam bombardment, Leaf
tissues of Torenia foumieri from tissues culture were cut with 0.5x0.5 cm. of size. Then the
explants were transferred on a sterile adhesive tape which was attached to a Petri dish and
then placed inside a sample holder. The holder was capable of sequentially exposing a
number of samples to the ion beam, as well as housing the unbombarded control sample. lon
bombardment was carried out using the bioengineering applicable ion-implantation facility at
Chiang Mai University. Nitrogen ions were chosen for ion bombardment in the energy range
of 28-50 keV with a fluence range of 10'*~10'® ions/cm’. Inside the target chamber the
temperature of the target was about 0 °C as both low ion flux and water cooling was used.
The samples were maintained under these conditions for about 1.5-2 h, allowing for system
pump-down and ion bombardment.

After implantation, the sample was immediately incubated at 25 °C in a shaker
incubator with Murashige and Skoog medium (MS medium) containing 1 ug/ml of plasmid
DNA for 30 min. Then the explants were cultured in vitro as described by Mahadtanapuk et
al. [12] and transferred onto regeneration medium containing 100 mg/L kanamycin. The
explants were subcultured every 2 weeks. After that transformants were detected according
PCR and GUS assay were used to confirm the transformation. The histochemical GUS assay

was conducted as described by Jefterson et al. [13].

3. Results and Discussion

For suppression of the genes involving in ethylene biosynthesis, the partial of ACC
synthase was cloned by RT-PCR method. After sequencing, the cDNA of 645 bp contains an
open reading frame encoding 215 amino acids. A homology search was performed using the
BLAST program (NCBI). The analysis demonstrated that the amplified fragment encoded for

part of the ACC synthase gene. When the sequence of the fragment was compared the ACC
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genes in databases by Phylogeny PhyML program, Ca-ACSI had a high sequence similarity
(69-74%) to Musa acuminata, Cymbidium sp. Vigna radiate, Citrus sinensis, Pelargonium
hortorum, Petunia and Nicotiana tabacum ACC synthase genes (Fig. 1). To determine the
most significant ACS gene related to senescence in curcuma, northern analysis was
performed with mRNA from different time points at postharvested curcuma. In Fig. 2., only
signals for the Ca-ACSI gene were detected in the bracts of curcuma. The Ca-ACSI was
expressed during postharvest in bracts at 2 days after cutting the flower. This result was
related the respiration and the ethylene production of open florets increased as they
approached senescence. In bract of bloom curcuma results in an increase level of respiration
and ethylene production from 2 to 4 day after harvesting and the prominent indication for the
termination of vase life was the brown of the tip of coma bract or bract [14].

To manipulate these genetically-engineered plant tissue, the techniques in
transformation or gene delivery are needed. Therefore, a model plant (7orenia foumieri) was
used for gene transformation. Consequently, Ca-ACSI was subcloned in pBI121 resulting in
pBI121-Ca-ACSI, and transformed into leaf tissues of 7. foumieri by application of ion beam
bombardment (Fig 3A). Six weeks after bombardment (Fig 3C,D), 12 and 14% explants of
50 shoots from T foumieri transformed by pBI121 and pBI121-Ca-ACSI respectively,
showed positive GUS gene. The transformation frequency was evaluated by histochemical
GUS activity and PCR analysis (Tablel). The PCR reaction revealed the presence of the
GUS fragment with expected size of 500 bp in genomic DNA of each putative transgenic
plant (Fig. 4). The prominent GUS activity was found in leaves and stems of the transformed
plantlets with high expression in explants transformed with pBI121-Ca-4ACSI (antisense) and
pBI121 by using application low-energy ion beam at an energy of 30 keV with a fluence
range of 10" ions/cm? (Fig. 5).

In the knowledge of, the Curcuma is a monocotyledonous plant species. To
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introduce desirable traits by a gene transformation system, an efficient regeneration protocol
is essential in Curcuma. The most important prerequisite for the method is the possibility to
regenerate plants from callus tissues or explants, although comparative data, concerning
tissue proposition and regeneration of Curcuma tissue, is very rare. In recent years, the
Agrobecerium-mediated transformation for Curcuma alismalifolia Gagnep.has been reported
by Supuk et al [12] and their transformation frequency was about 15%. In our transformation
experiments, we report here the first transformation evidence of ACS gene from C.
alismalifolia Gagnep. into 7. foumieri by application of ion beam bombardment.  This
establish, the transformation efficiency was calculated, based on the number of transgenic
plants recovered by the number of the original intact shoots, the transformation frequency
with pBI121 and pBI121-Ca-ACS1 was approximately 2-14%. Moreover the antisense 1-
aminocyclopropane-1-carboxylic acid (ACC) synthase gene isolated from C. alismatifolia
was tried to introduce by this method, in an attempt to prolong vase life of the inflorescence

after harvesting.

5. Conclusions

In this study we investigated the role of ACC synthase in curcuma by cloning
cDNA and examining expression patterns of the genes. We have investigated the effects of
wounding, organ difference, and posthavest of cut curcuma. The expression of curcuma ACC
synthase gene (Ca-ACSI ) was specifically in bracts and the high expression of the Ca-ACSI
at 2 day after harvesting might be involved in vase life and the low ion beam bombardment
at an energy of 30 keV with a fluence range of 10'*-10'® jons/cm® can induct gene

transformation in Torenia foumieri
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Figure Captions
Fig.1. The sequence of the fragment was compared the ACC genes in databases by Phylogeny
PhyML program, Ca-ACSI had a high sequence similarity (69-74%) to Musa acuminata,

Cymbidium sp. Vigna radiate, Citrus sinensis, Pelargonium hortorum, Petunia and Nicotiana
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tabacum ACC synthase genes.

Fig.2. Expression analysis of curcuma ACC synthase gene (Ca-ACSI ) by Northern blotting
on total RNA from different organ; L: Leaves, S: Stem, B: Bract, Pe: Petal and P: Bracts after

postharvest of cut flower.

Fig. 3. Plasmid DNA was transformed into leaf tissues of Torenia foumieri by application of
ion beam bombardment; A: the preparation of the plant tissue for transformation by ion beam
bombardment, B: the explants were cultured in vitro and transferred onto regeneration

medium, C: the transformants at six weeks of age.

Fig. 4. PCR amplification; Ps¢I molecular size marker: 1, plasmid pBI121: 2, plant transform
with plasmid pBI121: 3, plant transform with plasmid pBI121-Ca-ACS1: 4, non-transformed

plant: 5. Arrow indicates the PCR products of expected size after GUS gene amplified (500

bp).

Fig. 5. Histochemical observation, shoots 6 weeks after transformation; non-transformed

plant (A), plasmid pBI121(B), plasmid pBI121-Ca-ACSI (C).
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Table 1. Transformation and selection ratio in transgenic plant.

IApplication low-energy ion beam
at an energy of 30 keV with a

different fluence range

Percentage of explants showing

Frequency of transformed shoot

14. 2
10 "ions/cm

15- 2
10%ions/cm

16: 2
10"%ons/cm

GUS spots (%) showing positive PCR
pBI121 | pBI121-Ca-ACS1 pBI121 | pBI121-Ca-ACS1
2 4 8 8
4 6 12 14
0 4 6 12

Figure 1
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Figure 2.

Organs P (days)
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Figure 3.

58



Figure 4.
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Figure 5.
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Abstract

Bacillus licheniformis (B. licheniformis) is a common soil bacterium with an
antagonistic effect on Curcuma alismatifolia Gagnep. In an attempt to control fungal diseases
of local Curcuma by utilizing B. licheniformis, we carried out gene analysis of the bacterium
to understand the bacterial antagonistic mechanism. The bacterial cells were bombarded to
induce mutations using nitrogen ion beam at energy of 30 kilo-electron-volts (keV) with
fluences in the range of 10'*-10'® jons/cm’. After ion beam bombardment, a HAT-RAPD
(high annealing temperature-random amplified polymorphic DNA) scan revealed that the
modified polymorphism fragment present in the wild type was missing in a bacterial mutant
which lost the antifungal activity. These polymorphic bands were then subcloned into a
pTZ57R/T plasmid and sequenced. One of the fragments conserved in the wild type and lost
in the mutant bacteria was identified to code for the thioredoxin reductase (77xR) gene. The

RT-PCR (Reverse transcription polymerase chain reaction) gene analysis result showed

that the 7rxR gene from B. licheniformis had the expression of the antagonism to fungi in a
synchronous time evolution with the fungus inhibition when the bacteria were co-cultivated
with the fungi. The collective results indicate the 77xR gene responsible for the antagonism of

bacteria B. licheniformis to fungal infection.

Keywords: Ion beam bombardment, Mutation, Thioredoxin reductase (77xR), Bacterium,

Bacillus licheniformis, Fungus, Antagonism.
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2. Introduction

Colletotrichum is a large genus of Ascomycete fungi containing species that are
amongst the most successful plant pathogenic fungi. These fungi can cause significant
economic damage to crops in tropical, subtropical, and temperate regions (Mills, 1992). The
current method to protect against this disease has been through the application of synthetic
fungicides, but alternative methods to combat this disease could potentially be less harmful to
human health and the environment (O’Brien, 1989). One such method has already achieved
considerable success utilizing antagonism (McLaughlin, 1992), in which naturally occurring
nonpathogenic microorganisms reduce the activity of plant pathogens and thereby suppress
diseases. The antagonistic microorganisms can compete with pathogens for nutrients and
hence inhibit pathogen multiplication by secreting antibiotics or toxins, or reduce pathogen
population through parasitism. Moreover, some of these microorganisms can induce
generalized resistance in plants, which enables the plant hosts to better defend themselves
against pathogens (van Loon, 2000).

Bacillus spp., a potential antagonistic bacterium, has been applied to control
anthracnose in many plants (Jeffries, 2000). Being pervasive in most soils, Bacillus spp. is
highly thermally tolerant, capable of rapid growing in liquid culture and easy forming
resistant spores, hence it is considered to be a safe biological agent. Therefore, the use of this
bacterial species shows great potential in being as a biocontrol agent (Siala, 1974). However,
the mechanism by which it can suppress plant pathogens has not been extensively
investigated. In this study, we developed a novel way to identify gene involved in the
bacterial antagonism to the fungal infection of ornamental crops by using low-energy ion

beam bombardment of Bacillus spp. bacteria to induce mutation and screening useful
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phenotypes which could be used for gene selection and cloning in order to investigate the
antagonistic property of Bacillus licheniformis on Anthracnose, a disease caused by
Colletotrichum musae (C. musae) in Curcuma alismatifolia Gagnep. (Mahadtanapuk, 2003).
Low-energy ion beams have been developed for biotechnology applications (Yu,
2006). The key component in ion beam biotechnology is the use of energetic charged
particles to produce radiation damage in biological matter. The ion-beam-induced radiation
damage acts as a new mutagenic source for genetic modification of organisms. The
generation and application of low-energy ion beams are inexpensive and technically easier,
especially in small scale laboratories and developing countries. It has been reported that low-
energy ion beams can produce biological effects as significant as using high-energy ion
beams, and therefore, research into low-energy ion beam biotechnology has shown recently
rapid growth (Yu, 2006; Feng, 2007; Yu, 2007; Yu, 2010). One important application of ion
beam biotechnology is the induction of mutations in biological objects including rice (Yu,
1991; Phanchaisri, 2007), flowers (Yamaguchi, 2003) and bacteria (Xie, 2004). Ion beam
bombardment can induce a broad spectrum of mutations and treat a large number of
biological targets simultaneously. The intended effect of the induced mutations is generally to
create improved biological samples. However, in this work, we used ion-beam-induced
mutation for gene identification. Bacterial cells of Bacillus licheniformis (B. licheniformis),
obtained from hot springs in Chiang Mai, having ability to suppress the fungal growth were
bombarded by nitrogen ion beam. Genetic alteration of the bombarded bacteria caused them
to lose their antagonistic property. Thus, the change in phenotype was then investigated using
the high annealing temperature-random amplified polymorphic DNA_ (HAT-RAPD)
technique (Anuntalabhochai, 2000). The difference in the fingerprint profiles between the
bombarded bacteria and the wild type was analyzed to find the gene involved in the

antagonistic activity.
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2. Material and Methods

2.1 Media and culture conditions

The plant disease fungi, C. musae, initially isolated from Curcuma alismatifolia
Gagnep. bract (Fig. 1 A and B), were routinely subcultured onto potato dextrose agar (PDA)
(Mahadtanapuk, 2007). The fungal isolation was following the standard fungi isolation
procedures (Agrios, 2005). The diseased tissues of curcuma were collected from a local farm
and returned to the laboratory. The disease symptoms were examined and the casual agent
isolated and identified under microscope. The diseased curcuma was cut into small pieces (3-
5 mm). Each piece of the tissue was sterilized by dipping in 10% Clorox for 3-5 min and
washing in 2 or 3 series of sterile water, and then placed separately on PDA plates. The plates
were incubated at room temperature (28-30°C) and observed periodically. The growing edges
of colonies developing from the leaf disks were then transferred aseptically to cornmeal agar
slant. The fungi were stored at 4°C and cultured on slants of PDA. The B. licheniformis strain
with highly antagonistic activity against fungal diseases on C. alismatifolia Gagnep. and
thermo-tolerance was isolated from local hot springs in Sankampaeng, Chiang Mai, Thailand.
Typical colonies of the isolates were streaked on lysogeny broth (LB) medium and selected
for storage at 4°C. The bacteria were tested to demonstrate the antagonistic activity in dual
culture (Skidmore and Dickinson, 1976) (Fig. 2A) and on plants as well (Fig. 1 C and D). In
the dual culture, the bacteria and pathogenic fungi were inoculated dually on PDA medium in
petri dishes 2-2.5 cm apart. The inhibition of actively growing fungi by the bacteria on PDA
plates was quantified as the fungal radial growth distance perpendicular to the bacteria in
centimeters. The inhibition percentage of the growth of the fungi was obtained using the

formula:
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100 x (RI - R2)/RI [or,= 100 x (1 — R2/R1)], (1)
where R/ was the furthest radial growth distance of the fungus in control (or without the
antagonistic bacteria) and R2 was the radial growth distance of the fungus in dual culture
with the antagonistic bacteria (Royse and Ries, 1977). It can be seen from eq. (1) that the
longer the R/ and/or the shorter the R2, the higher the inhibition. The cultures were incubated
at room temperature, and growth of the fungi towards and away from the bacteria was
allowed for 5, 7, and 10 days after incubation. After the test, the bacteria were cultured on
slants of LB medium at 4°C for use in the mutation induction by low-energy ion beam

bombardment.

2.2 Ion beam bombardment and median lethal dose (LD50) determination

For the median lethal dose (LD50) determination, one loop of cells of B. licheniformis
was transferred into 100 ml of LB medium [Trypton (10 g), yeast extract (5 g), NaCl (5 g),
water (1 liter)] in a 500-ml flask. 18-g agar was added to the medium for 1 liter of LB agar
medium. The culture was then incubated for 24 h at 37°C in a shaker with a rotating speed of
120 rpm. The cells of B. licheniformis were centrifuged to precipitate the cells and then
spread as a single-cell layer on a sterile adhesive tape which was attached to a Petri dish and
then placed inside a sample holder. The holder was capable of sequentially exposing a
number of samples to the ion beam, as well as housing samples as vacuum control which was
not exposed to ion beam but kept in the same vacuum environment for the same time as the
samples under ion bombardment. Ion beam bombardment was carried out using the
bioengineering ion beam facility at Chiang Mai University (Fig.3). The technical details of
the ion beam facility have been described elsewhere (Yu, 2007). In brief, the facility uses a

low-energy ion beam (maximum accelerating voltage of 30 kV), with a vertical setup for
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convenient holding of the biosamples, double beam steering to avoid neutral particle
contamination, a small target chamber to reduce evacuation time and in-situ atomic force
microscope equipment. In the experiment, nitrogen (N) ions were used for ion irradiation
with energy of 30 keV and fluences in the range of 10" — 10'® ions/cm?” at a normal ion flux
of an order of 10" ions/cm*/sec. This flux level was shown to be low enough to maintain the
cells survival (Yu, 2006). The bacterial cells were bombarded in vacuum with a pressure of
10* Pa, which led to the target temperature of about 0°C. Bacterial cells have been
demonstrated to be able to survive in vacuum during ion bombardment for a certainly long
time period of some hours (Yu, 2006).

After ion beam bombardment, the samples under each condition, including the
control, were separately washed down with 10-ml LB solution and centrifuged for 1 min at
9000 rpm. The precipitates were resuspended in 5 ml of LB medium and incubated for 30
min at 37°C on a rotating shaker at a speed of 220 rpm until the optical density at 600 nm
(ODgoo) reached 0.3 to 0.6. These cell suspensions were subsequently 10-fold diluted to form
samples at concentrations ranging from 10" to 10! and grown on solid LB medium. All
culture plates were then incubated for 1 day at 37°C to ensure cell viability, which was shown
by observed living cells. Then the number of cells for the same dilution of different fluences
was counted and compared with the number of the control cells to determine the survival
frequency, provided that all cells had the same division rate in the same dilution. Bacterial
mutants were screened for the phenotype which lost their antagonistic ability against the
fungi to be further tested. The mutant screening was operated using the dual culture method

as mentioned above (Fig. 2).

2.3 DNA fingerprint determination
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Genetic alteration in terms of the fingerprint of the ion-bombarded bacteria was
detected by HAT-RAPD, more than 30 arbitrary RAPD primers (QIAGEN OPERON, USA)
were used in PCR amplification. The HAT-RAPD technique used an increased annealing
temperature in polymerase chain reaction (PCR) up to 46°C, resulting in greater
polymorphism, reproducibility and high resolution (Anuntalabhochai, 2000). The PCR was

performed in a total volume of 20 ul containing:

10 x PCR buffer (Tris-HCI 100 mM, pH&8.3, KCI 500 mM)

- 100 uM each dNTP (dATP, dTTP, dGTP, dCTP)

- 2.5 mM MgCl,

- 0.2-0.4 uM primer

- 0.5 unit of Tag DNA polymerase

- 20 ng of DNA template
Reaction tubes were placed in Perkin-Elemer thermal cycle (Gene Amp PCR system 2400)
and the following cycling profile was used: 95°C for 2 min, then 95°C for 30 sec for
denaturation, 46-48°C for 30 sec for annealing, 72°C for 45 sec for extension, totally 35
cycles, and finally, 72°C for 5 min. After the thermal cycling program was completed, the

amplification samples were stored at 4°C for electrophoresis.

2.4 Cloning and sequencing of the gene

From the HAT-RAPD fingerprint, the polymorphic fragment, which was missing in the
mutant with an absence of DNA bands in a comparison between the mutant bacteria and wild
type bacteria, was reamplified by PCR. The PCR product was electrophoretically resolved on
a 1% (w/v) agarose gel, and the appropriate DNA fragment recovered with an Agarose Gel

DNA Extraction Kit (Roche, Germany). The purified DNA fragment was ligated into a
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pTZ57R/T plasmid system, according to the manufacturer’s recommendations, transferred
into Escherichia coli (E. coli) DH5a competent cells, and the bacterial cells were plated on
LB agar plates containing 100 pg/ml ampicillin. A clone containing the correct insert was
identified by restriction enzyme analysis, denoted as pTZ57R-Trx1. The nucleotide sequence
of the pTZ57R-Trx1 was conformed to B. licheniformis (trx gene) by the sequencing method.
After that the full length of #x gene was amplified by 3 race method. The gene specific
primer, 5' ATGTATGACGTCATTATTAT 3' and oligo-dT primers were used for PCR
reaction following cDNA Amplification Kits for Rapid Amplification of cDNA Ends - 5'

RACE & 3' RACE (Clontech ,Takara Bio Company) manuscript.

2.5 Culture and preparation of bacteria cell for gene expression analysis

To determine the expression level of the thioredoxin reductase (7rxR) gene from B.
licheniformis, the bacterial cells were grown in LB medium at 37°C for 24 h in an incubator
shaker. These cells were then tested using a dual culture procedure (Mahadtanapuk, 2007).
The bacterial cells extracted from different incubation times with the fungi were then used for

RNA extraction to test for the gene expression analysis.

2.6 Gene expression by RT-PCR analysis

Total RNA from B. licheniformis at different incubation times (5, 7 and 10 days) with

fungi was extracted according to the standard from the RNeasy” Mini Handbook (QIAGEN).

The RNA was used as the template for a reverse transcriptase polymerase chain reaction (RT-

PCR), where specific forward and reverse primers were designed from the B. licheniformis

(trx gene) sequences, Trx-F (5' ATGTATGACGTCATTATTAT 3') and Trx-R (&'

69


http://en.wikipedia.org/wiki/Escherichia_coli
http://www.takara-bio.com/
http://en.wikipedia.org/wiki/Reverse_transcription_polymerase_chain_reaction

TGCCGATGTAGATAAAGACG 3'). The PCR mixture contained 20 ng of the cDNA, 200
uM dNTPs, 25 mM MgCl,, 20 mM Tris-HCI, 0.25 uM of each primer and 2 units of Taq
polymerase buffer in a 20-ul total volume. Amplification was carried out with a thermal
cycler (Perkin Elmer, Gene Amp PCR 2400) for 30 cycles at 94°C for 1 minute, 60°C for 1
minute and 72°C for 1 minute. A final elongation step was carried out at 72°C for 5 minutes.

The PCR products were separated by electrophoresis on 1% agarose gels.

The entire experimental and investigational flow diagram is depicted in Fig. 4.

3. Results and Discussion

3.1 Ion beam bombardment effects on survival and mutation

To determine the ion beam fluence which could best induce mutation, the median
lethal dose (LD50) was determined as shown in Fig. 5. As expected, the survival of the ion-
beam-bombarded bacteria decreased with increasing of the ion fluence. In addition, the
vacuum also slightly reduced cell survival as demonstrated by the survival curve of the
vacuum control cells which were un-bombarded but exposed to vacuum only. Since the ion
beam fluence was linearly proportional to the bombarding time, higher fluence corresponded
to longer vacuum exposure times for the cells. The slight decreases in the vacuum control cell
survival indicated that the vacuum had very limited effect on the cell survival, and thus in the
study of the ion bombardment effect, the vacuum effect could be neglected. As can be seen in
Fig. 5, the cell survival rates of the un-bombarded cells and the bombarded cells are not
significantly different at fluence levels of 10'* and 10"° ions/cm”, whereas they significantly

differ at the fluence of 10'® ions/cm?, which gives rise to the lowest survival rate. This fact
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indicates that ion bombardment at the highest ion fluence induced the most damage to the
bacterial cell and the cell inner components as well, considerably more than the damage
caused by the vacuum alone. Therefore, the ion fluence of 10'® jons/cm” was used in the
experiment to induce mutations in B. licheniformis.

Many studies have reported that low-energy ion beams can induce mutations in
bacteria (Xie, 2004; Yu, 2006; Zhang, 2008; Mahadtanapuk, 2009). The physical
mechanisms for these mutations are thought to include both direct and indirect interactions
between the energetic ions and DNA. In the case of bacteria, the direct interaction is thought
to be dominant. B. licheniformis is a gram positive bacterium with a size on the order of a few
micrometers and has a cell wall of about 25 nm in thickness surrounding its plasma
membrane (Voet and Voet, 1990), which is fairly thin (only a few nanometers). The
projectile range of 30-keV N ions in the cell wall material is calculated to be 134 nm with a
sputtering yield of 0.363 (PROFILE, 2003). Using the cell wall model (Yu, 2003) yields a
final ion penetration depth of about 400 nm through the cell wall for a fluence of 10'°
ions/cm’. Since this ion penetration depth is greater than the total thickness of the bacterial
cell envelope, the N ions not only pierce the bacterial cell envelope but can also penetrate
into the cytoplasm to interact directly with DNA. Although such ions most likely have
reduced energies due to cell penetration, reports have already demonstrated that ions with the
energy as low as keV and even lower are still able to induce DNA conformation change
(Chen, 1998; Lacomb, 2004; Deng, 2005; Hunniford, 2007) and subsequently potential
mutation of bacteria (Norarat, 2009; Sarapirom, 2010). Therefore, bacterial mutation
induction by the 30-keV N-ion beam is completely possible.

To identify mutants, the ion-bombarded bacteria were screened and selected for
antagonistic activity. To study the gene(s) and the functions involved in their antagonistic

ability, a dual culture test was performed using more than 100 colonies selected at random
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from both ion-bombarded and un-bombarded bacteria (control), respectively. The un-
bombarded bacteria and most of the bombarded bacteria showed the same inhibition ability to
the disease caused by C. musae, but one isolate of the bombarded bacteria was found to have
lost the antifungal activity, as shown in Fig. 2B. That bacterial isolate was subsequently used
to test for the mutation induced by the ion beam irradiation. The HAT-RAPD fingerprint
analysis showed a different fingerprint when using primer by sequence 5 TGCCGATGTA 3
show polymorphism band with an absence of DNA bands between the bacterial isolate and
the wild type, but the same fingerprints for other primers between the isolate and the wild

type, showing a single change in the mutant DNA (Fig 6).

3.2 Gene identification

After the mutant was found, the polymorphic fragment from the HAT-RAPD
fingerprint, which was the only one missing in the mutant, was subcloned into a pTZ57R/T
plasmid and subsequently sequenced. The resulting nucleotide sequence, which contained
711 bp. (237 amino acids), was blasted against the National Center for Biotechnology
Information (NCBI) database. It was found that the gene was significantly related to the
thioredoxin reductase (7rxR) gene. Using this gene target, the full length of the 7rxR gene
was amplification by PCR using specific primer. After full gene anlysis with 3 race method,
the cDNA frangment content with 942 bp. (314 amino acid). When the nucleotide sequence
from this analysis was blasted against the NCBI database, it was found to be highly
homologous to the 7rxR gene from multiple bacterial strains, including Bacillus licheniformis
ATCC 14580, Bacillus subtilis subsp. spizizenii str. W23 and Exiguobacterium sibiricum
255-15 with 97%, 81% and 72% identities, respectively, as shown in Table 1. Moreover,

when the nucleotide sequence was translated to amino acids, it was also found to be highly
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homologous to the thioredoxin reductase amino acids from multiple Bacillus strains,
including Bacillus licheniformis ATCC 14580, Bacillus subtilis, and Bacillus pumilus
SAFRO032 (Fig. 7). The function of the 7rxR gene is in the defense against stress and the
thioredoxin system of bacteria, yeasts and mammals is involved in regulating DNA synthesis,
gene transcription, enzyme synthesis, cell growth and apoptosis (Holmgren, 1985).
Thioredoxin reductase, a flavoenzyme homodimer, binds flavin adenine dinucleotide and
nicotinamide adenine dinucleotide phosphate (NADPH), reduces the oxidoreductase
thioredoxin and is found in two forms throughout all five kingdoms. The high-molecular-
weight isoform which most likely evolves from glutathione reductase rather than the
prokaryotic thioredoxin reductase (Prinz, 1997) is present in mammals and some parasites,
while the low-molecular-weight isoform is found in most bacteria, plants, and fungi (Windle,
2000). Both isoforms are thought to have independently evolved to have similar substrate
specificity profiles. Although both isoforms have similar functions, they have very distinct

protein structures.

3.3 Gene expression for antagonism to fungal infection

To investigate the gene expression, an assay for antagonism of B. licheniformis
against the fungus was performed on PDA medium by a dual culture method (Mahadtanapuk,
2007), as shown in Fig. 8. It can be seen in the figure that the fungal growth is clearly
inhibited particularly for 10 days of culture. The B. licheniformis sample showed fungal
inhibition percentages of 71%, 80% and 92% at 5, 7 and 10 days, respectively, as shown in
Fig. 8A. The result was related to the expression of the 7rxR gene activity. Fig. 8B shows the
result of the RT-PCR analysis of the gene in terms of the level of the gene expression or the

transcription of 77xR. The thickness of the DNA band, or the amount of cDNA, indicates the
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gene expression level. As seen from the figure, both the fungal inhibition percentages and the
DNA band thickness in the RT-PCR analysis increase with the co-cultivating days, whereas
when the bacteria were not co-cultivated with fungi there was small DNA band and thus low
expression of the 7rxR gene. Fig. 9 gives a quantitative illustration of the co-cultivating time
evolution of both the inhibition percentages and the 77xR gene expression. The almost
synchronous time evolution of the fungal inhibition due to the bacteria B. licheniformis and
the TrxR gene expression demonstrates the 77xR gene indeed responsible for the fungal
inhibition. As for the uniqueness of the gene involved and mechanisms of how this gene is

related to protein, enzyme or antagonistic activity, further studies are being carried out.

4. Conclusion

In order to locate and identify the gene involved in the antagonistic mechanism of B.
licheniformis against fungal disease, we adopted a novel method. Low-energy ion beam was
applied to induce bacterial mutants which lost the antagonistic property, and then the
polymorphism band that was missing in the fingerprint of the bacterial mutant but present in
the wild-type bacteria was found, subcloned and sequenced. Our analysis revealed that the
gene which was missing in the mutant and should thus be responsible for the antagonistic
property was related to the thioredoxin reductase (77xR) gene. This gene was demonstrated to
have the highest expression when the bacteria were co-cultivated with disease fungi for 10
days, indicating the gene indeed being as the contributor for the bacteria B. licheniformis to

be antagonistic to disease fungi.

74



Acknowledgements

The work was supported by the Central of Laboratory, University of Phayao Research
Fund, the Thailand Research Fund (TRF) (Project MRG5380221), the National Research
Council of Thailand (NRCT), the Thailand Center of Excellence in Physics (ThEP), and the

International Atomic Energy Agency (IAEA).

References

Agrios, G.N., 2005, Plant Pathology, 5t Edition, Elsevier Academic Press, New York, p.
398.

Anuntalabhochai, S., Chandej, R., Chiangda, J., Apavatjrut, P., 2000. Genetic diversity within
lychee (Litchi chinensis Sonn.) based on RAPD analysis. Acta Horticulture 575, 253-259.

Chen, Y., Jiang, B.Y., Chen, Y.S., Ding, X.Z., Liu, X.H., Chen, C.S., Guo, X.Y., Yin, G.L.,
1998. Formation of plasmid DNA strand breaks induced by low-energy ion beam:
indication of nuclear stopping effects. Radiat. Environ. Biophys. 37, 101-106.

Deng, Z.W., Bald, I., Illenberger, E. and Huels, M.A., 2005. Beyond the Bragg peak:
hyperthermal heavy ion damage to DNA components. Phys. Rev. Lett. 95, 153201-
153204.

Feng, H.Y., Yu, Z.L., Chu, P.K., 2007. Ion implantation of organisms. Mater. Sci. Eng. R 54,

49-120.

75



Holmgren, A., 1985. Thioredoxin. Annu. Rev. Biochem. 54, 237-271.

Hunniford, C.A., Timson, D.J., Davies, R.J.H. and McCullough, R.W., 2007. Damage to

plasmid DNA induced by low energy carbon ions. Phys. Med. Biol. 52, 3729-3740.

Jeffries, P. and Korsten, L, 2000. Potential for biocontrol of Colletotrichum, in: Prusky, D.,
Freeman, S. and Dickman, M.B. (Eds.), Colletotrichum: Host Specificity, Pathology, and

Host-pathogen Interactions, Amer Phytopathological Society Press, pp. 266-291.

Lacomb, S., Le Sech, C. and Esaulov, V.A., 2004. DNA strand breaks induced by low keV

energy heavy ions. Phys. Med. Biol. 49, N65-N73.

Mahadtanapuk, S., Sanguansermsri, M., Cutler, R.W., Sardsud, V., Anuntalabhochai, S.,
2007. Control of anthracnose caused by Colletotrichum musae on Curcuma alismatifolia
Gagnep. Using antagonistic Bacillus spp.. Am. J. Agric. Biol. Sci. 2(2), 54-61.

Mahadtanapuk, S., Sanguansermsri, M., Yu, L.D., Vilaithong, T., Anuntalabhochai, S., 2009.
Cloning of antifungal gene from Bacillus Licheniformis induced by low-energy ion beam
bombardment, Surf. Coat. Technol. 203, 2546-2549.

McLaughlin, R.J., Wilson, C.L., Droby, S., Ben-Arie, R., Chalutz, E., 1992. Biological
Control of Postharvest Diseases of Grape, Peach, and Apple with the Yeasts Kloeckera
apiculata and Candida guilliermondii. Plant Disease 76, 470-473.

Mills, P.R., Hodson, A., Brown, A.E., 1992. Molecular differentiation of Colletotrichum
gloeosporioides isolates infecting tropical fruits, in: Bailey, J.A. and Jeger, M.J. (Eds.),
Colletotrichum — Biology, Pathology and Control, CAB International Mycological
Institute: UK, pp. 269-288.

Norarat, R., Semsang, N., Anuntalabhochai, S. and Yu, L.D., 2009. Low-energy low-fluence
ion beam bombardment of naked plasmid DNA. Nucl. Instrum. Methods Phys. Res., Sect.

B 267, 1650-1653.

76


http://iopscience.iop.org/0031-9155/52/13/005
http://iopscience.iop.org/0031-9155/52/13/005
http://kar.kent.ac.uk/11711/

O’Brien, R.D., Lindow, S.E., 1989. Effect of plant species and environmental conditions on
epiphytic population sizes of Pseudomonas syringae and other bacteria. Phytopathol. 79,
619-627.

PATRIC, 2009. Phylogenetic Tree of Bacillus, Pathosystems Resources Integration Center
(PATRIC), National Institutes of Health (NIH), Blacksburg, VA 24061, under Contract
No. HHSN272200900040C,
http://www.patricbrc.org/portal/portal/patric/Phylogeny?cType=taxon&cld=1386.

Phanchaisri, B., Chandet, R., Yu, L.D., Vilaithong, T., Jamjod, S., Anuntalabhochai, S., 2007.
Low-energy ion beam-induced mutation in Thai jasmine rice (Oryza sativa L. cv. KDML
105), Surf. Coat. Technol. 201, 8024-8028.

Prinz, W.A., Aslund, F., Holmgren, A., Beckwith, J., 1997. The role of the Thioredoxin and
Glutaredoxin pathways in reducing protein disulfide bonds in the Escherichia coli
cytoplasm. J. Biol. Chem. 272, 15661-15667.

PROFILE code, Version 3.60, 2003. Implant Sciences Corp., Wakefield, MA01880, USA.

Royse, D.J. and Ries, S.M., 1977. The influence of fungi isolated from peach twigs on the
pathogenicity of Cytospora cinata. Phytopathol. 63, 603-607.

Sarapirom, S., Sangwijit, K., Anuntalabhochai, S., Yu, L.D., 2010. Plasma immersion low-
energy-ion implantation effect on naked DNA. Surf. Coat. Technol. 204, 2960-2965.

Siala, A. and Gray, T.R.G., 1974. Growth of Bacillus subtilis and spore germination in soil
observed by a fluorescent-antibody technique. J. General Microbiology 81, 191-198.

Sickmore, A.M. and Dickinson, C.H., 1976. Colony interaction and hyphal interference

between Septoria nodorum and phyllop lane fungi. Trans. Br. Mycol. Soc. 66 57-64.

77



Van Loon, L.C., 2000. Biotechnological approaches in biocontrol of plant pathogens,

Mukerji, K.G., Chamola, B.P., Upadhyay, R.K. (Eds.), Kluwer/Plenum, New York, 1999,
pp. 255. Phytochemistry 54, 445-446.

Voet, D. and Voet, J.G., 1990. Biochemistry, John Wiley & Sons, New York, p.262.

Ward, J.F., 1971. Deoxynucleotides — models for studying mechanisms of strand breakage
in DNA — I protection by sulphydryl compounds. Int. J. Radiat. Phy. Chem. 3, 239-249.
Windle, H.J., Fox, A., NiEidhin, D., Kelleher, D., 2000. The thioredoxin system of

Helicobacter pylori. J. Biol. Chem. 275, 5081- 5089.

Xie, C.X., Xu, A., Wu, LJ., Yao, J.M., Yang, J.B., Yu, Z.L., 2004. Comparison of base
substitutions in response to nitrogen ion implantation and 60Co-gamma ray irradiation in
Escherichia coli, Genetics and Molecular Biology 27, 284-290.

Yamaguchi, H., Nagatomi, S., Morishita, T., Degi, K., Tanaka, A., Shikazono, N., Hase, Y.,

2003. Mutation induced with ion beam irradiation in rose. Nucl. Instrum. Methods

Phys. Res., Sect. B 206, 561-564.

Yu, L.D. and Anuntalabhochai, S., 2010. Low-energy ion beam biology research at Chiang
Mai University, Surf. Coat. Technol., in press.

Yu, L.D., Sangyuenyongpipat, S., Seprom, C., Thongleurm, C., Suwanksum, R., Tondee, N.,
Prakrajang, K., Vilaithong, T., Brown, 1.G., and Wiedemann, H., 2007. A specialized
bioengineering ion beam line. Nucl. Instrum. Methods Phys. Res., Sect. B 257, 790-795.

Yu, L.D., Vilaithong, T., Brown, 1., 2006 (English Edition Eds), Introduction to Ion Beam
Biotechnology, originally authored by Yu Zengliang in Chinese, Springer Science &
Business Media, New York.

Yu, L.D., Vilaithong, T., Phanchaisri, B., Apavatjrut, P., Anuntalabhochai, S., Evans, P. and
Brown, 1.G., 2003. Ion penetration depth in the plant cell wall, Nucl. Instrum. Methods

Phys. Res., Sect. B 206, 586-590.

78


http://www.ingentaconnect.com/content/els/00319422/2000/00000054/00000004/art00117;jsessionid=3lih3a4719aj6.victoria
http://linkinghub.elsevier.com/retrieve/pii/S0168583X03008255

Yu, Z.L., Deng, J.G., He, J.J., Huo, Y.P., Wu, Y.J., Wang, X.D., Liu, G.F., 1991. Mutation
breeding by ion implantation. Nucl. Instrum. Methods Phys. Res., Sect. B 59/60, 705-708.

Yu, Z.L., 2007. Study on the interaction of low-energy ions with organisms. Surf. Coat.
Technol. 201, 8006-8013.

Zhang, X.S., Li, Y.G., Wu, Y.J., Zhou, J.C., Chen, D.S. and Lei, L., 2008. Mutation Breeding
of an Organic Phosphorus-Solubilizing Bacterium B3 by Low Energy lon Beam

Implantation. Plasma Sci. Technol. 10, 645-648

Table 1. The nucleotide sequence of the 7rxR gene from Bacillus licheniformis (A), and the

result of the sequence comparison with the NCBI database (B).
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(A)

atgtatgacgtcattattatocggagocaggtocctgogggaatgacggoagoogtttatacg
M ¥ D W I I I & A & P A G M T B A W ¥ T
tcaagggogaacchgtogactttgatggttgaaagasggogttoocgggoggacagatggoc
5 E A HW L 8§ T L. MW vV E E G ¥V P G G QO M A
aatacggaggatgtocgaaaactatcogggatttgaasagoattotgggaccagagoktttoa
N T E D v E N ¥ P & F E &§ I L. & P E L &
aatasaatgtttgaacaktgogasaaagttoggogotgagtatgoctatggogatakttaaa
N K M F E H A K K F G A E ¥ A ¥ G D I K
gaagtocgbocgatggaggagactacaagatocgtocaasgogggatcaasagaatttaaasgog
E ¥V v b &6 & D ¥ K I W K A & 5§58 K E F K A
cgbtgoggbocatcatcacagoaggogocgaatataagaagotoggogtacctggogaaaaa
R A ¥ I I T A G A E ¥ K EKE L & ¥V P &G E K
gagcttggoggoogoggbgtatcttattgtgoggtttgtgacggogoattoctttaaaaac
E L &3 & R G W & ¥ € A W C D G A F F K H
aaagagcktocgtogttgtoggaggaggggactocogotgttgaagaaggogtgtacttaaco
K E L ¥ v v & & & b 8 A ¥ E E & ¥V ¥ L T
cgtttogottogaaagtcacgatocgtocacogoogogataagotgagagogosaagoato
R F A § K ¥ T I W H E E D K L E A QO E I
ctacaggocgogogogtttgacaacgaaaaagtogactttoctotggaacaagacggtcaag
L ¢ A R A F D W E E YW D F L W H EKE T ¥V K
gaaattocatgasaasgacggaaaggtoggtasagtaacgotggtocgatacggtocacaggo
E I H E E D & E W & K W T L Ww DD T W T =
gaagaagaagagttocoggactgacggogkbctttaktctacatoggoatgotgoogoktttoa
E E E E F R T Db & ¥ F I ¥ I & M L P L &
gagococgttbcaasaacctoggoattacaaatgaagagggctacatcgtgacaaatgaacag
E P F E R L. &4 I T BN E E &G ¥ I W T H E ©Q
atggaaacasaagtogaaggoatttttgotgogggagacattogogagaaaacocttogo
M E T K ¥ E & I F A A G D I EFE E E T L R
caaatcocgtaacggoaacaggggacggaagoattgoogoacagagogttocagoactatato
2 I v T A T & DD & & I & A QO 5 W Q H ¥ I
gaagagctgaaagagaaagasaaggctgtazaataa

E E L K E K E K &x Vv K -

Red letter is show primer sites in HAT-RAPD and underline is show primer site in RT-
PCR

(B)
Bacterial species Identity (%)
Bacillus licheniformis (this paper) 100
Bacillus licheniformis ATCC 14580 97
Bacillus subtilis subsp. spizizenii str. W23 81
Exiguobacterium sibiricum 255-15 72

80



Figure Captions

Fig. 1. Anthacnose of curcuma: (A) conidia and (B) acervulus of C. musae, (C) diseased

flower and (D) diseased flower controlled by B. licheniformis. Scale bar: 10 um.

Fig. 2. A dual culture test of the bacterial antagonistic activity. (A) Wild type of B.
licheniformis. (B) Mutant of B. licheniformis. In each dish, on the left side are the bacteria
while on the right are the fungi C. musae. In (A), the fungal radial growth was inhibited by
the bacteria, showing the antagonism of the bacteria, but in (B) the fungal radial growth was
expanded, showing the lost antagonism. (B) can be actually taken as control for a comparison
with the bacterial antagonism shown in (A). In eq. (1), R/ is the fungal radial growth distance

shown in (B) while R2 is that shown in (A).

Fig. 3. Photograph of the bioengineering ion beam facility at Chiang Mai University.

Fig. 4. Experimental flow and logic diagram.

Fig. 5. The result of the median lethal dose (LD50) test.

Fig. 6. HAT-RAPD amplification products of the bacteria. A: bacterial mutant. B: irradiated

but normal bacteria. C: control. The arrow indicates the band of polymorphism, which was

missing in A and was later subcloned into pTZ57R/T plasmid.
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Fig. 7. Comparison in 77xR gene from B. licheniformis with that from other Bacillus bacteria.
(A) The multiple sequence alignment of amino acid part of the TrxR peptide from 11 species
of Bacillus spp. including the B. licheniformis used in this study. (B) The phylogenetic tree of
the 11 Bacillus species analyzed in (A), showing the identity of the amino acid of the B.
licheniformis used in this study to those of the other species. This part of the phylogenetic

tree was constructed based on the entire phylogenetic tree of Bacillus (PATRIC, 2009).

Fig. 8. The gene expression analysis of gene 7rxR in B. licheniformis bacterial cells at
different co-cultivation times with the fungus. (I) Bacteria (at the left side of each dish) were
co-cultivated with the fungus (at the right side of each dish) at varying times. (II) RT-PCR
analysis: The bacteria were co-cultivated with the fungus for 5, 7 and 10 days, respectively
and the bacteria were not co-cultivated with the fungi for the same time. The total RNA is a

control to indicate the gene expression having no errors from the initial total RNA.

Figure 9. Quantitative analysis of the fungus inhibition and the 77xR gene expression. The
fungus inhibition percentages are calculated according to the text in Results and Discussion.
The gene expression percentages are calculated based on the relative thickness (or intensity)
of the TrxR fragment band obtained from the RT-PCR analysis (see Fig. 8B) such that the
band thickness at the 10" co-cultivating day is used as 100% and other bands are relative to
it. The data show an almost synchronous time evolution of both fungus inhibition and 7rxR

gene expression.
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