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Abstract

Antibiotic resistant genes were generally used in plant gene transfer system to select
transgenic cells or tissues. There are public eoncerns about those genes in human health and
environments. In this research, a gene for production of anthoeyanin pigment (papl) was
investigated for the use as seleetable marker gene in transformation of rice. Transformation of
rice CV. Kitaake with pap/ gene was condueted by Agrobacterium. The results showed 98% of
hygromycin — resistant calli after 2 cycles of selection. The surviving calli were regenerated to
shoots at 11% 4 -5 weeks after culture on regeneration medium. The transformed rice plants were
developed at 13%. Leaf genomic DNA from the transformed plants were extracted and subjected
to PCR technique using primers specific to papl gene. Three out of eighteen transformed plants
showed PCR products of 400 bp, indicating the presence of pap! gene in their plant genome.

In this study, leaf explants of tobacco cv. burley were transformed with pap! gene by
Agrobacterium method. After 4 week-culture, the percentage of surviving leaf explants on
selection medium containing hygromycin was 50%. The hygromyecin resistant explants appeared
green and all surviving explants generated shoot buds around the leaf edges. Some explants had

red buds at 44.44%. After 8 week-culture, the shoot buds developed to 53 plantlets. The



transformed tobacco plants were green (like control untransformed plants) and red, which
consisted of 37 green plants, 14 green plants with pink or red at leaf edges and 5 dark red plants.
These transformed tobacco plants were analyzed by PCR teehnique to investigate the integration
of papl gene in plant genome. There were 12 plants that showed PCR positive results which
consisted of 7 green plants, 2 green-red plants and 3 red plants. This research showed that the

papl gene ,which controls anthocyanin production, can be used as a selectable marker gene in

transformation of tobacco.

Keywords: rice, tobacco, pap! gene, anthocyanin, marker gene, transformation
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Iy v @ ] v

1ins 2 wsaasazaw edunamuaznoudunyu) udawanlddh
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= = (=)

' ' ! = 1 g
flumiesnguinll 4 essados RS2 12,000 seudout® 1lunan
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& P Y, ¢ dad A
11. 19 absolute ethanol M9 LA NAU ethanol AUWUUL 70 Lﬂﬂﬁ!“}iuﬁ“ﬂwu e

¥ ¥ 5 &
aneznau (@19R2NoU 1UIU 2 ATY)

[ ]
=

12, Jumvsngungil 4 ssruzadua AinmiEs 12,000 souaaud Wum
2 Wi
- 3 W R =
13. @10 pellet Thude udrmzarendvais 10 mM Tris-HCY, pH 8.0 U5umas 30

P ¥ o A Yo A
uliliﬂ‘jﬁﬂﬁ (ﬂ'IENllﬂ')Tllﬁuﬂﬁlﬂ\iﬁqﬁagﬁ']ﬂu'lﬂ 11’“@““‘1“)

4 ] ¢ ¢
aoudi 2 msdmnizvduegunldFunisarniiu pap? Awmailansers lanldinswesn
3 T =
VUNIEADEU papl
o g

- 'd ad o = Ay Yo = 9/
A13199 6 99A152NBVYDINYD1S “lum'i’Jmﬂzmumquﬂ"lmummwﬂu papl Tavld Ins

oo 1A
WWBITNIUNISADYY papl

daulszneuwealfnser armmdudugate USnes

2X GoTaq 1X 10 ul
10 uM F_PAPI 0.5 uM 1wl
10 uM R_PAPI 0.5 uM 1l
DNA Template - 1pul
diL,o = 7 ul
Total - 20 nl

Iwsmesildlumsiniinages vasdunquinldsumsniedu pap! dae
Wa1diiA pPAP1 A F_PAPI [S"CTA AAC CGG TGC AGG AAA AG3’]

R_PAPI [5’GTC CAA GGC TAG GAG GAT TA3’]

e

5 ﬁ' e Y] J o
ﬂﬂiﬂil!ﬂiﬂlﬂiﬁ)qwcﬂ 130434

1nitial Denaturation 94°C 3 min
Denaturation 95°C 1 min
Annealing 55°C 1 min 35591

Extention 712°C 1 min



Final Extention

Set

72°C
20°C

1¢ min

12 hr
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vV = o LT | =
MIANYAEU papl SrnFumeeulunyg
=g o =t B . ) & ﬂ -
1INAADIUADINITUIYU pap! (production of anthocyanin pigment) HIULUIUN
1 = s o v '
AduasunIduAIIEH A5 anthocyanin W1a319gedu THegn1eldmsniuguued 358 dual
. ¥ o L
promoter, TEV Leader sequence (vlﬁil'lﬂ Tobacco Etch Virus) U812 35S terminator waavi lendn
o { 4 i [ ] [ 3
Tllunaadiandeams ez Iga1odud 11 lune damntiu paps sgmslanmisaauau
#ana12 358 dual promoter 92 AN INABN 1ASVTULNISHAAI0DNUDITU pap] DYNFILAL
5 d'q -1 4 v 1 = et 4:; 1 1 A.yd
aapAnal tunnitio®oNs uazad1uvee TEV Leader 32 $20aamsuldounaoninaauiingg
1 = = =N ' W ° @1 3 Qv =
uaAe0oned 197 1nedu  pap! vzuanseeniiluduasnieraudy tildiwdemsAaden
A A dwyve a o 3/ - A o
o 1AT LY Juaoumsas19gatu pap! finail
1. Mmsa3eu competent cell

) - w o a g o
V%0 E. coli WU DHSQL W1A383 competent cell 2835 CaCl, 9InUUHINI3
F 4
NATOY competent cell TastiIwalTlia pRTL2 116 18# 10917 competent cell MAANITIDYIVY
o ia LY-wN a a w 1A a o~ o i 1
211130419 LB Mipuusungay 100 dndnsuaedas Iao 3 niamun (13199 15) WU T1
a& LY -~ I 1.4 3 ﬂy 4:;:1.
uaz T2 Failuganunuliifialalal uraadl competent cell lifimstuilouveasoniin
a9 aaa [} o = = ] @
adian U UeNRFAY U T3 hialalail 1,520 Taladl uansdl competent cell AUITOTUN

aaiia pRTL2 191 1118 iimi s unailss @nEniwve competent cell Tagldgas

U52@NEN1HVBY competent cell (1121 T Tadise 1| Tulnsnsu AdD)

_ 9waulnalail x Y3umsgariie (:1nms transformation) x dilution factor

US110591 195 U135 spread x TuTasnsufduenly

L V) [] ar a3 é a A o 1
Tamidu 152 < 10" Talatiae lulasnduddue Feilszaninmindifesduan

a o i = 9 = w o d
sz ANTN MUY competent cell AFFOUAIYTT CaCl, Mungui Av 10°— 10° TuTasnsy Adw

=4 5 1 '
19 9911150117 competent cell nIoumlylumsnaasane /14
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ﬂ]ﬁ]ﬂﬁ 7 MINATDU competent cell DUDIMITUYI LB NEAUUDUNWEDY 100 YaaNITUADAAT

» Competent cell dH,0 pRTL2 \ 4
NI R 3 f druaulala
(ulasans)  (ulasaes)  (ulasas)
T1 200 - - :
T2 200 5 = =
T3 200 - 5 1,520

= <
2. MssBNNaIEAnNnBS pRTL2
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o = =t A o~ ot
afiawaaila pRTL2 (MW 11) 95119 3,900 bp @26755 Alkaline lysis method (DN

o A q ¥ g o o hhe a s X8 o W fa o
A 1) e lnilunnmes 1150015 Iaaudu papl intuihuaasuou louaat Wiz Neol

y | - o ar = 3
1Az Sacl 1 DLEAIET coding sequence 880 WAz IHuvSnud mTuMs Inaubu papl 1miuy

o N = <« o 4 ¥
RnsuenuTgnBanmes pRTL2 Aaaaiotou lail Neol tag Sacl 481910108 laaldya PCR

clean-up Gel extraction (1 H 12 n uaz ¥) thlddnnannududuvemaaiiadiomaiiaog

a oo = s 1 =% Ao w o
mlsmandian Inswesda wud Tdwaaiia pr112 Adadmou laddaduwiz Neol uay Sacl

VUIRU T2 4 kb (MW 13) uazianududuwmiy 16.66 W Tunsuas lulasans

bp (ng/Sul)
10,000 {50) -4

" = < = = [ =
MAA 11 MR TIzRHaaie pRTL2 Aadndie35 Alkaline lysis method
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4,600 (20) el ~ 4 kb
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4 =S s N - do o °
MW 13 M3 UATIZHWAIEIA pRTL2 Aadiueu laddasuwie Neol uaz Sacl 1d3¥1n1s

LLUﬂﬂJ?ﬁjﬂ%Iﬂﬂi%ﬂgﬂ PCR clean-up Gel extraction

3. mamivlSanaduEiy papl :10Wa1a%ia 3PAP-Red emaiia PCR

1WINWaIANA 3PAP-Red U119 11 kb (W 8) Rerfawa1ariiad 199 kit (Plasmid DNA
' >
Purification) UWALLSUIMTUEY papl ArunAta PCR Taels primer F1 Neol PAPI uaz

24 = Lo Sa = 2
R_Sacl PAPI 99z 1dnandin PCR fo U pap ATluTsiai1vasoulad Neol uay Sacl

ar

=t = a -,
nUats 5 g4y 3 U09PU MURIAY (ATWA 14)

An v o

vnuthiudy pap! 1 179101311 PCR muanﬁqwﬁmmaa Tae %99 PCR clean-
up Gel extraction 1dBupA IduIGad 00U TR A 1WM1E Neol Uaz Sacl ndIRINTULN
VSquiRBuenneainasy (Mnil 15 0 ua ¥) Rntiudmunnudududlemaiaezn
Tsmsanidn Inswesda nudn 188 uevuindszuis 750 bp (i 16)  Sanudiudu 215

wluniuso lulasans
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MNA 14 MIAATIYHVUTU papl A 1A91nmATA PCR
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3 = = A oo o =1 = ar & =
MR 15 MIVATITHOU papl Adesoiou 1l Neol 1oz Sacl WIsuNeousiudu papl 79

1 w LY ] as @ ar o a o
Tilddad oo laidaduwiz (uncut papl) N) RoudARa uag v) vdsdanadiunuAdwe

750 bp

1 = o‘-:? L) o dao o Y o
MW 16 MIUATIEHFUTY pap] Adaduiou lsidnsuniz Neol waz Sacl LAINITNITIEN

ungmﬂﬂ%‘t‘fﬂ PCR clean-up Gel extraction
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4. MIHONADTULY pap] NULININDT pRTL2

o o o o i o o n:y -
Mnsmuumiiuannmes pRTL2 Adadeoulasd Neol wag Sacl wazduiuil

1 ¥
aulo Aoty paps Neadoulasd Neol uaz Sacl Tnufmuasasiausimidn (Weight ratio)

] o 1 :? = { Y
Y89 vector (V) 90 insert (1) ApLIAMmDS (pRTL2) aoBudunauly (pap) il 13 uag 1:5
g Q A 1 ot g = P 9 o . Q oS

nnuhmnyeudenmeiaeruiuiiauls laeldioulayl T4 DNA ligase Mi11lgnsen
1 1 3 ]
. p =3 =% = = o LY o ey =]
ligation NN 16 s uarmFen Wunal 15 - 17 4 1w mntiuimsngalgnsen lagtui

=Y =t =1 2 o = S .:l'. ) I ¥ 1
gangil 65 sermuarioa Wiy 20 Wi wdnihl§asen 18 lddinawidrg competent cell 494
4w e = t o 4 1 ::y = o o
E. coli Wonaifion laaudlwanaia s anauiinaannsiiousoduiu  papl AU 130903

pRTL2 Tnolddeonaraiaaoneaun 1911 pKLI

L. GE
S
W Kpnl, Smal, BamHI, Xhal
[{Q
TEV Leader
2.3 ¢
cexxT g
THFLT 8
[ ﬁ‘
35S Promoter 358 Term 5
with dual enhancer E
ori AER
T
Scal

AN 17 uHUAnaeia pKLI

1 =Y d' by d' ' qu =4 s d
5. mamaehawmaiiamenay (pKL1) Nlda1nms¥eunaTuiu papl NULINNDS
pRTL2 L‘;hg" competent cell £. coli @ mﬁ’uﬁ DHSOL 22895 Heat shock
' T ' b
dmmalamonday pKL1  (1nH 17) $1 18310015 % eusdeduiu papl fuinaes
o 1 Y 3 as o ¥ e
pRTL2 ‘1’11m‘§mﬂmﬂw1q competent cell Y93 FE. coli ?MWUT DHSU 91875 Heat shock
qu = o A oo - ) o S
2I0UU spread YUDIHITUUY LB VUSLUDUAT AU 100 UDANTUADANT IﬂU‘ﬂT 3 mmnué{ Iﬂﬂ

¥ - o w = ) =
19 11 fluganiugu T2 uag T3 Ao Vi = 153 way 15 auddu (13197 8) wud1 §laladl
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e 4 o ¢ ' - y w 9o ¢
AAUYUNT 3 ﬂ?ﬂluuﬂ 10 T1 LAAININDITUANNIRADT pRTL2 E)'mﬁﬂvlnﬁiluuiﬂl wazen T2

1 Qs = o
4ag T3 AR competent cell 819 IS unaatiaaosey prL1 1 Tl ueaa

5130 8 manwrhawaaliadionay (pKL1) 191g competent cell uazAn@onlanuuu

o i a aaa a5 a w s
IHITHYI LB ‘ﬁlﬂll LDUNHAY 100 UADNTUADDRAT

Ujdm .
Treatment srulalaid
ligation
T1 \'s 137
T2 Vi=1:3 WINAI1 300
T3 Vi=1:5 1NN 300

g
= = 9

veme V= pRTL2 Rdaauou land Neol uag Sacl uazihl#uTgniuds

9

Qs o« o =y =
1= 8U papl Ndadawoulan! Neol uag Sacl uazvi lFuigniuda

T1 =V 7' luiAwen lon] T4 DNA ligase

6. MInsvaoulnauniNaaNamIENaY

-] a 5 ] = 1 AA ro v A
i lnaui lAnnmsoerhananadamenay llasnaouiditu papr vise'la Fnia
v A ) %] = 5 a s « o a o
Tudlemmsadanaaianda i l)dadoeouland Neol wag Sacl 9IHUUOVADUIDUUIA
3,900 bp (pRTL2) e 750 bp @u pap!) Tavthlaladimudnlaein vii = 1:3 12w 1 Taladi
Q =4 s -y i i = = o
waz Vi = 1:5 $1uu 9 Tnlail Tadeawaradaudiasnaeudiomatinozn 1saeadan1ns
o e 1 o A o :5 Y ] Y A aa
WoiTd WU DuovAwweuyndlees enu 5 Tnlalin 6 lay 1:3 Inlalh 1 uag 1:5
= A v
TnTafifi 1, 3, 4, 5, 7, 8 uaz 9 MHuavAduevnial sz 5,000 bp Faivyedlulnsgil

. - 4 o
Relaxed dagihssidunaradinaionay pKLl Felvuiailssuis 4,650 bp (pKL1 = pRTL2

[}
=4

3,900 bp + papl 750 bp ) sz 1:5 Ialadilf 2 HuouAdweyu1ad19191n Inaudunalidny me

adwiusai linsasiaeuas il (nwi 18)
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a0

3 o P i o 9 o °
mnduhwaradafiadatann lnaulddanroeulsl Nl uay Sacl uaziinis
9} = = oo o ' by = = =
ATIIHRUMEMALNDTN LTaaadian IngWosda wudl vn Inausniu 1:5 Taaui 2 Tuavd
=1 a 3 ! 1 =t =
@UIEUIATZUIR 3,900 bp Az 750 bp AU uEAINN Inauinazlnaaidamenay

P o o . o
pKL1 ¥INFUDU pap] LNTHDY (NN 19)

ﬁf\"
N ha i d 3 N "y N 2 a3

6,000 bp

~5,000 kb
5,000 bp

1 = o = ar =4 o
MW 18 M3unszdwaaianadialédnn 1:5 Tnlailfi 1,3,4,5,6,7,8. 9 uax 1:3 Inladia |
TagSouRouUIANURDUIBINATIIY 1kb Ladder Plus 2umatinazn1lsmeadian Inswe

Sa¥e
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4,000 bp

750 bp ~750 kb

PINT 19 MR IEY Inauidnaaliamonay pkil  laodawaiaiiafianaldain 1:5

:4' P s =4 =
Talaildi 1, 3,4, 5, 6,7, 8, 9 uaz 1:3 Ialail# 1 Ar00ulw1 Neol uay Sael lauySoumeny

a =i g b =Y ac o s
YUIAAUADLONIAT U 1kb Ladder Plus Ainatadzn lsaanadian (nsWoide
¥ 1 y ' '
i laan 1:3 Teaud 1 lasldded1 A uaz 1:5 Tnaui 1 leslda¥en B
o d‘ = o=y o a8 G 1 o a' My & F=1 ::4' d’.
sterak UUOIMITLUL LB MANLDUATIN 100 Dadniuaoans ol 14 1alathaed ofieeain
a & Ao ¥ A A o
Tnau A uaz B 1A Satellites Y5919 Ialatlfed) ndndonlaladinetninlaau A $1u7u 2
Taladl (Al uaz A2) uaz B 9141 2 Talail (B1 uaz B2) anawaiala Lazasiagay lag
a9 da o ¥ o 3/ = = oo
ARA8eU IFUFaS WY Neol Uag Sacl LAININITASIVTRUAINMALADE N 15 eaadian Tng
= 1 af -1 = d? - 1
WoTda wu lALDUADLOUIAYTZHIS 3,900 bp UAE 750 bp AT (NIWA 20) LEAI7
5 =

Inau Al, A2, B1 uag B2 50U pap/ unsnogainiu 1aR1n15:01 glycerol stock ¥as Tnau Al

LR B1
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~4,000 kb

~750 kb

ci. = 4 = ai 9} TR T 4

PN 20 M3 TaTewatadia pkL1 fildnnTaaun Al, A2, Bi uag B2 lavdaaiuon lad
=i P=% @ o O =

Neol uag Sacl WSvuMouuuIafuRA@ueuIATIIM 1kb Ladder Plus @omailneznilsa

waddnlnswessa

=i = 1 =S a o o a
wisuwaade pkL] deliinsizimdrduma Tavsih pKL1 1inlaau Al uazan
ar = 1 o ]
Iaau Bl w1afe wa1erdadoye kit (Plasmid DNA Purification) 1113a5799@0U oz 14
Y ¥ 9 =% = oo A/ = P= -
ANWANIUAWINAUADZNT LI 0ndLan InsHasHe WU UaUAoumIUIAYIZuIN 5,000
bp (W 21) 1Aaw Al Elutel 1ag Bl Elutel Ha1ududy 30.67 wag 61.33 wilunsumo

o g o o £ v = ) 4 a =1 =) v g o
luTnsdas awdidy vwaradia prLI d9lldmszdddumamoiunSoudsududisy

IAVDIU papl N51997% 11 GenBank (Accession number NM_104541.3)
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4,000 bp
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Ay ¥ @ ) El =} o =@ ¥
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A as = ar d @ w 4:1 4:1.
AINN 22 ANHUTNINAUADDTUDIUNDAVIINUT Kitaake MW IZIQIUUBDINITYAT NéD

a s
F2OLI81 4 FaH

[ W 4
M 23 Snvazveamasameniimsdgnaindounzinzines wiuszeziom 3 Ju

M319n 9 UszANTn MMty papl hguandathavug Kitaake uaasnguunadaiisen

VUDIMIIAAADN LazmMsidad

1 14IUNQY

» 5 VWY upadadl waungy  $woungy  $uaungu

ﬂ§0°{| o o o oa o o o v A s ﬁﬂluquﬁ’u
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NIrua BIH3 DAY UR BORINY HDATY
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1 76 58/76 (76) 4/58 (7) 3/58 (5) 1/58 (2) 6/58 (10)
2 97 56/97 (58) 4/56 (7) 3/56 (5) 1/56 (2) 4/56 (7)
3 B2 43/82 (52) 3/43(7) 3/43(7) 0 3/43(7)

4 60 59/60 (98) 5/59 (8) 3/59 (5) 2/59 (3) 5/59 (8)
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