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Cloning and Characterization of Cyclophilin Gene from Sorghum bicolor (L.)

Moench and Its Transformation into Tobacco Plant
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ABSTRACT

Cyclophilins are ubiquitous proteins present in all subcellular compartments, which
are involved in a variety of processes such as immunosuppression and major biotic and
abiotic stresses. The research was made at the laboratory of Biotechnology Research and
Development Office, Department of Agriculture, Pathum Thani province during October
2008 — September 2010. In this study, two full-length genomic DNA sequences of
sorghum (Sorghum bicolor) encoding cyclophillin (SbCyP) have been isolated from two
sorghum varieties named U-Thong 1 (UT1) and Supanburi 60 (SPR 60) via PCR — based
method with CyP4 (forward) + CyP4 (reverse). Amino acid sequence of SbCyP disclosed
similarity to each other and with that of cyclophillins of various organisms. The gene
sequence contains a fragment of 1,062 kb (genbank accession no EU722309), including a
519 bp complete ORF, the 5’UTR of 130 bp, 3'UTR of 413 bp and a typical AATAA motif,
encoding the 172 amino acid polypeptide. A 519-bp fragment of the SbCyP gene was
further amplified by PCR-based method with CyPXbal (forward) + CyPKpnl (forward),
addition of Xbal and Kpnl restriction sites for protein translation purpose and then ligated
into plant expression vector pCAMBIA2300 containing 35SCaMV promoter and NOS
terminator to obtain 10 kb - pCAMBIA2300 - CyP expression cassette. The expression

cassette was then transferred into Nicotiana tobacum (tobacco) plant by Agrobacterium-
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mediated transformation with kanamycin
antibiotic selection. A total of twenty-five
transformed plants were randomly selected
and screened for the presentation of
transgenes by PCR-based method with
two pairs of CyPXbal (forward) + CyPKpnl
(reverse) and NOS (forward) + 35SCaMV
(reverse). Ten out of twenty-five selected
plants were found to be transgenic

tobacco plants.

Key words: cyclophilin gene, Soghum
bicolor gene cloning, cloning, plasmid

construct, transformation, model plant
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CyPXbal (forward) + CyPKpnl (reverse)
as NOS (forward) + 35SCaMV (reverse)
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UsA) Tudsunnsnanan 50 lulasans
senaueaIazauAEiue 40 - 100 wilunsy
0.5U HotStart Tag Master Mix, 0.4 M
gene specific primer (forward), 0.4 M
gene specific primer (reverse) UUUINAT
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denature 94 °%. 30 AU annealing 60 °%.
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1BULBNIA93 U 1 kb DNA ladder marker
(fermentas, USA) wiaxtiufinnmwéisiadas
Gel-Doc Transluminator (Bio-Rad Laboratories,
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BIUIA 1 NIRWE (S UNADANARBITUIR
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2 U AURARERILNRNA LAY isopropanol
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snsazaelal binding column Usials 5 unfl
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Funan 1 unf wmawlaie Bin PE buffer
750 lasdns Uaiivls 5 undt dhlufumiee
w1y 1 wrd wdulaiie §18 binding
column MNAYLUNABANARDY AN EB
buffer (dufiqungd 50 - 60 °z.) 30
Talasans Yniels 15 - 30 uait wrlyuily
wmisadluna 1 wifl asaessugunmiag
15% agarose gel electrophoresis 113191
Ufi381 ligation lasld T&A Cloning Kit
(RBC Bioscience, Taiwan) IuU3u1n3
wonaa 10 lulasdns Ysznoudae gel-
purified PCR product 4 lulasans T&A
cloning vector 2 Tulasang ligation buffer
A 1 lulasdng ligation buffer B 1 lulasans
T4 DNA ligase 1 Wlasns USudsunsiv

&
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cell 50 lulasans wanldniu wazuguwmi
wie Juan 30 w1ft 1y heat-shock
goungd 42 °z. 1WA 30 — 45 il u
vuthudemiifuna 2 uafl B super
optimal broth with catabolite repression
(SOC) medium 250 lulasans wanlvidndu

a

[eNiANNS 250 SaU/AUN Naunpll 37 °o.

Y
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=
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il nbuhldssnalussduoadie
Wathuseug DH5OL 1ae38 Heat Shock
(Sambrook et al.,, 1989)
22 N1IATIINEUNISUIINgIDYEU
shenslieuluisinswie uazmaila PCR
MNIR9auN1TLUIINg TRYEU
granslfouladindimi: Taadaidanla
Tafbafimadnldsunarafinaonay 1
WaTNAEReALEULD wardndiueulddn
g Hindll waz Konl Tudjiien 20 Talasing
Usznaudhenaraiafidue 2 lulasAng 1X

fastdigest buffer 0.5U FastDigest enzyme

Usudsumsliasudedn drlduufigungd

a

37°%. {Duan 30 Wi uasvgaUfizen
80°z. Wurim 5 uift miwilunsaasy
2UNAALEULBRIE 1.5% agarose gel
electrophoresis AigUTUIATDILOLALDULD
AUALAULENINTZIU 1 kb DNA ladder

marker

a & a [

wnanafledidueianalalynsig
soun1sUsnguesiu deomeadla PCR lasld

Twsiwa3 NOS (forward) wayr 35SCaMv

v
o

(reverse) Tuufisevionun 20 lulasdng
Ysznausnarafinfiduie 50 ulunsu
2U Hot Tag Master Mix, 0.5 M primer
(forward) 0.5 M primer (reverse) U5y
Usanastitsudeii ‘[mﬂﬁv’ﬂﬂmmuqmwgﬁ
pre-denature 95 °#. 15 UM 91U 1 58U

LALAITaUITHATaNYIeIU 3 Tunau avil

denature 94°%. 30 U1 annealing 60°

30 U7 wazextension 72°%. 1 U 31U
35 30U MUY 72 10 Wil 8n 1 seu
wasinuTEsuldA 4%, infinity (O #5799
AAs1evinafie 1.5% agarose gel
electrophoresis \WigusuaLauALdULAUA
\BulenInI3 U 1 kb DNA ladder marker

wianunnnw

3. msdsiiu CyP wingungu

31 m9wRaufewanada (chimeric
construct) L‘ﬁ’lﬁjmaﬁ A. tumefaciens ®1Y
Wuj EHA105 #2835 Electroporation
(Walkerpeach and Velten, 1994)

M3w3N competent cell Tagiiide
A. tumefaciens mtgﬂ\i‘[ummimm yeast
extract peptone (YEP) (U3u1a3 1 A. :
bacto-peptone 10 n. yeast extract 10 n.
wazNaCl 5 n. agar 1.5%) WENF1T rifampicin
50 Talasnsw/ma) wenfienuisn 220 s
aoumod 28z WHunan 16 2w, tdefiaes

9 Y

1307105 1 wa. mLﬁmsiaTummsmm YEP

a

— rifampicin Y38705 100 Na. L2980
AMNST 220 SRU/UNT ﬁqmwgﬁ 28 7. \{u
NANISEANAL 2 — 3 7. U1 OD_ = 02 - 03
idefldudumhudaduna 15 - 30 wfl
ihluanaznaumaasiaA sy 4000 JBLANT

auvindl 4 4. Wunal 15 Uil wmenvsig

9 Y

v 4

ANASNDULRR 91UIU 3 Y A3y 10%
glycerol (ugiif) U35 100 20 waz 2 Na.

ANRIAU muqmﬁwazmﬂmﬂaumaﬁuﬁa
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Wi competent cell Twsanldlaviaaanaany
2U1A 1.5 N8, U3n1ms 50 Wlasans/vasn
Lﬁumaﬁ"iqmwgﬁ -80 "%
nmstndeufsnaafiadnguoad A
tumefaciens #1835 Electroporation 1Azt
competent cell mﬂalff'?a A. tumefaciens 97N
80 ‘7. wazarelutudeduan 5 ud
nduwatadn pCAMBIA2300 - CyP
gene Y311m3 5 lulasAns snldasluviaen
competent cell wanWidnAuwg N9l
dudefiuna 15 — 30 uft dhaunasdle
Taaslu cuvette U 0.2 BN, MWUWNUT
Juaan 15 — 30 wfl wRsufewaafingi

Y

guaalaglfannzamumuunivesuisng
WAM (Bio-Rad Gene Pulser) ool cuvette
gap 0.2 ¥d. voltage 2.5 kV, capacitor 25 F
LAY resistance 480 nau pulse Bm cuvette
THueae Wfinedannd “ay pulse A
21MN9AY YEP U3310T 1 N, S1a8UNEy
adluMaDALRELTD ﬁw\lmﬁvmﬁqmwgﬁ 28 °7.
\ENTiANE 200 — 250 sa/und Wiunan
1 - 2 %N, ANAZNDULBRAAILAIINET 10,000
SOU/UNT WEIMITIWAITY WEILANEINNS
\BuuiEe YEP U3n1as 200 lulasdns
spread plate VUMDY YEP -rifampicin
(control) WazUUDNTHIY YEP - rifampicin
~ kanamycin wanaz 80 lilasans 18eefi

goundl 28 7. e 2 - 3 Ju avadey

MsR3uTeelAlaliuueIvSIAIED

10

n11msasaunisUsngaaviuly
AR A tumefaciens laamatla PCR 11la

Tadwsglduuamaideadontvind jisen

PCR Ingldilwswas CyPXbal (forward) uay

[
a Qs

CyPKpnl (reverse) luifjiza1ievun
20 lulasdns Usenaudiiy waralafiduLe
50 WlunsN 2U Hot Taq Master Mix, 0.5
M primer (forward) 0.5 M primer (reverse)
Usud5unnsiiasudinnn Taadelusunss
gaunndl pre-denature 95°%. 15 WA 91U
1 990 uarassau¥iniesieu 3 dunsu
§9il denature 94°7. 30 Bunfl annealing
60°%. 30 U9 extension 72°%. 1 w1
U 35 99U ANEIETuAeY 72°3. 10 undl
8n 1 90U WAy Hold i 4°%. infinity (CL) %i&d
NnAugaUFATERIIIesiNadIY 1%
agarose gel electrophoresis WRUIUNADDY
wouALBUeAUALBULENIATT I 1 kb DNA
ladder marker WiBNUUANATW

3.2 ﬂﬂidﬂﬂﬁuLﬁﬂgﬂwgnImﬂTﬁL%a
azlnsuuafiSen (Agrobacterium-mediated
gene transfer) AAWUada1NIsn199809
Horsch LlacAnle (1985)

ﬂﬁtm%ﬂu%umumguLﬁazﬂumi
tedu leshwissguaieiugiesaidon
HunszumMaWenzhidediy Haiter® Bleach
ANty 30% (vv) Wuan 15 unil
wihdwihehnauilshdedstan 3 - 4 Al

mnﬂfuﬁﬁmwamﬁﬂouummmﬁagm MS
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(Murashige and Skoog, 1962) 1Ay BA 5 M
+ sucrose 3% (w/v) + gelrite 0.3% (w/v)
pH 5.7 UINARAYEN ¥11N13 sub culture e
windsanaliunnwedmsuldlunisdnetu
Tusnwipaiiesiilaifieis

NIAIUNIBAR A tumefaciens &%
Wuf EHA 105 #ififu CyP n1ABILUBMNS
ude 2x yeast extract and tryptone (2xYT)
(31m5 1 A. : bacto-tryptone 16 0., yeast
extract 10 n., NaCl 10 n., agar 1.5%, pH
7.5) WNA1IUJTUE kanamycin (50 1n./a.)
ﬂuﬁqmwgﬁ 28°y. \Julan 2 - 3 Ju fe
Talaflifpaniaseluamisinas 2xyT -

a

kanamycin MgV 28°%. WEFIBANGT

200 - 250 Fau/and Hunan 16 - 18 .

WINITAAIAI NI N T BRI T E 1A DY

v =

spectrophotometer T#AAANNLITNTUA
OD600 U5e3mu 05 - 1.0 Faiflu log phase
niuidefiidedls waslunasanaans
U9 15 w8, dsniussnoaduueiiduean
N wnsdeedastiumilsiinauiEa 3,000
sou/and Hunar 10 wdl wevnswanlu
WADANY NBUNINITALAIDAZNOULTAE
wualZeils Tasfne1msma) MS + BA 5
M 1531915 1 &, wisnlidwsulilunmsaetiu
nsdeBudngluegy 1aeas Leaf
Disc Transformation @aLlada1n3sn13ve9
Horsch wazAmy (1985) lasiwwad A.
tumefaciens @BWU5 EHA 105 fifigu cypP

waesniulusgulasialueguldfious

05 x 05 ou. thlgulusmsman MS il
\an A tumefaciens 39319 1 : 20 Ju
a1 1wl wdaRelFuiIuunIT AN
Whatman no 1 (Whatman International
Ltd., Maidstone, England) fiendouds a1n
Fu Ui 89uueIMIs MS + BA 5 M +
sucrose 3% (w/v) + gelrite 0.3% (w/v) pH
57 Tusnwdpaipaiade Huna 3 Ju
mnﬁuﬁﬂumgu‘lﬂLﬁmuummi MS + BA
5 M + carbenicillin 400 §n./8. + sucrose
3% (W/v) + gelrite 0.3% (w/v) pH 5.7 \{u

VA1 6 dUAH Lﬂﬁﬂummﬂwﬁvm 7 M

WaVNSZ a8 A, tumefaciens ¥a¥aIN

1% [ :
. =] A

duidsoiiafeseludn 4 dUav vusvns
gmlﬁuﬁamﬂ%mm carbenicillin adL7iRD
200 an/a. wazwasue I 7 i el
Tupnguiinavmnneiyduladuseasou
WRIRINTUN AR A DN RETI LY
matefu TaefedusiunsssansaustaD
UUDMS MS i kanamycin (200 §N./a)
+ BA 5 M + sucrose 3% (w/v) + gelrite
0.3% (w/v) pH 57 dunal 2 §Uai A
\Bonuansaufisantin firuasiusinisiie
WinUSanauenn Lﬂﬁﬂummﬂmnn 2 dua
miuimsimilviAaduiiauysal Taadn
Lwnﬂaﬂa'auﬁLa%zyLﬁnImlﬂLﬁﬂauuaﬂwﬂs
MS 7iin BA 5 M + sucrose 3% (W) +
gelrite 0.3% (w/v) pH 5.7 wadninlwiAn
390 wariuildannsasiuninsianey

sapdimealuanasialy
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4. N19ASIAFAUNISUAAIDANVBIEULAY
wmAila PCR
aﬁ’ﬂﬁLﬁutmﬁmﬁ‘iaﬁuéaumguﬁiam
FInanmsdaidaniuamnsdaian anau
Ty vam adursesin Yszua 01 - 0.3 n.
Taeld Genomic DNA Extraction Kit (A1
49 1.2) ia19azaty DNA filglunsiaaay
AumwlazIaAANudndu OD wazian
399196e TE buffer et MWlEANd
1 60 wilunsn niurinisnsrasesuns
Usnguesiiu CyP dwwmaila PCR lanld
Inswesdwau 2 ¢ liud lwswedisums
fiutiupAe CyPXbal (forward) Way CyPKpnl
(reverse) wazlwswasiidudiuysznauns
NAWMBSNITE A NOS (forward) way
35SCaMV (reverse) UWaAHAR PCR 7il§a1n

v
& o

Iwswedne 2 ¢ asdwazinade 1%
agarose gel electrophoresis WBUDUADDS
wouRduLeiuALBuLONINIF U 1 kb DNA

ladder marker W3aNUUANATW

WHALARZIFITINANITNARDY
1. n19lAaudu CyP antaie

a aAa

F9aeidu cyP lTusduzesdund

aaa

nsuaaseanand1ing Tasnnsvingjasen
PCR (Figure 1a) wuiawsaviiisenle
wauABuETIALUSsNas 1 Alawa (Figure 1b)
o A a & A o ) a &
aAsnuaLALBuaAFIAT 1Al lUTATIL T
asufiandlang wuduilgdsduiaedlolng

Wiy 1,062 giud awsawdasvimduady

12

wyulndveedu CyP l@s1uIu 172 amino
acid agjmﬁTu Open reading frame %139
FUVUITDIEFURLLUET 131 — 649 WAL
asufianalalndsuniy polyadenylation
signal AATAA motif agludiuzes 3'UTR
ﬁaLﬁaﬁLﬂmzﬁﬁaumﬁmﬁuwudﬁﬁu CyP
Afaszildandiedianumilausgig
garfusuvie Trp128 (W128) waefiu CyP
ﬁy’owmmwﬂuﬂmﬂam (Liu et al, 1991)
WAZENFUNTABEALY KSGKPLH #uviie
fi 48 - 54 AzfianuNIzazaRUEy CyP
Tud1m289 cytoplasmic finulglufznaie
#ila (Lippuner et al, 1994) (Figure 2) ia
iaduiiaadlalnafilgluwssudieuiuiu
wiladeaiuiiissenlugiudoya genbank
wuhuildfianumiloundnegeiuiu cyp
fnuludos (GQ246462.1) wazd1ilna
(X68678.1) lagflA1Anuwidau (% max
identity) WinU 89% WA 82%

e deyaiilinninscdlaseaiie
vp9du lnaglHlusunsn EMBL-EBI database
wuinfu CyP AlEfidudsznauasuiedu
(Figure 3) F9tsenauglsasuiindlalngly
fUATNTURAIRNTRITURINITONDATIE
Wunseeziilu (open reading frame : ORF)
flaun 519 gua srduilaadlalndmadiu
Yare 5 Feliifeafunisutasialysfiu
(5" Untranslated region %38 5'UTR) {2u1a
Wiy 130 dwa uazniuday 3 Falad

WAeafun1sudaswalusfiu (3 Untranslated
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Table 1. Primer name base sequence, size of CyP gene, melting temperature (Tm) and

GC content of designing specific primers from genbank on www.ncbi.nim.nih.gov/

Size Tm GC con-

Primer name Base sequence (5 — 3’) o

(bp) (C) tent (%)
CyP4 (forward) CCG GCT ATT TTA CCG CAC CMG TYC TC 26 67.7 (60) 53.8
CyP4 (reverse) GGG CKA TCC ATG CTT GGC AGT TCA C 25 68.7 (60) 58.0

CyPXbal (forward) CAC TCT AGA ATG GCG AAC CCG CGC GTC 36 749 (60) 58.3
TTC TTC GAC

CyPKpnl (reverse) CAC GGT ACC CTA GCT GAG CTG GCC GCA 37 780 (60) 649
GTC AGC ATC

NOS (forward) GTT TGA ACG ATC GGG GAA ATT CGA GCT C 28 67.5 (60) 50.0

35SCaMV (re- CAT TTG GAG AGG ACA CGC TGA CAA GCT 30 70.1 (60) 53.3
verse) GAC
bp bp
6,000 6,000 — -
3,000 3,000 =
>
1,000 1,000 1,062 bp
a b

Figure 1. a. Genomic DNA isolated from two sorghum cultivars on 1% agarose gel;
Lane M = 1 kb DNA ladder (fermentas), lane 1-2 = genomic DNA from
sorghum (UT 1), lane 3-4 = genomic DNA from sorghum (SPR 60)
b. PCR analysis of cyclophilin gene from 2 cultivars of sorghum using specific
primer CyP4 (forward) and CyP4 (reverse). lane M = 1 kb DNA ladder
(fermentas), lane 1 = PCR product from sorghum (UT 1), lane 2 = PCR
product from sorghum (SPR 60)
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1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
901

961
1021

tccggctattttaccgcaccagttctccctccaccagatcagatcagatcacagaacgca
acagccgaaggaaaaatttccccccaaccaaaaaccctctctcccaaaccctagctacct
tcggatcccgatggcgaacccgegcegtettcttcgacatgacggtcggecggegeggegge
M A NP RV FFDMTV G G A A A
ggggcggatcgtgatggagctgtacgcgaacgaggtgcccaagacggccgagaacttcecg
G R 1 VMEULYANIEVPKTAIENTFR
cgcgctgtgcacgggcgagaagggcgtggggaagtccgggaagccgctccactacaaggg
A L CTGEIKGV G K S G K P L HY K G
ctccaccttccaccgcgtcatcccgcagttcatgtgccagggcggcgacttcaccecgggg
S T FHRV I P QF M CQG G D F TR G
caacgggaccggaggcgagtccatctacggcgacaagttccccgacgagaagttcgtgeg
NG T G G E S 1 Y G D K F P D E K F V R
caaccacacggcccccggggtgctctccatggccaacgccgggcccaacaccaacggctc
NH TAPGV L S M AN AGUPNTNG S
ccagttcttcatctgcaccgtcgataccccctggctcgacggcaagcacgtcegtetttgg
Q F F 1 C TV DTWPWULDGIKHV V F G
ccaggtcgtcgagggcatggacgtcgtcaaggccatcgagaaggtcggatcccgcagegg
Q vVv EGMDV YV KA1 EKV G S R S G
atccacctccaaggaggtcaagatcgctgactgcggccagctcagcagatcgttggtct
s T $S K EV K 1 A DCGOQL S =
ggtctgcccgtecgeccteccteccgtcatecgteccactccgectgegteececgtecegttt
ccggtttgcttcgatctgaataagatgatggtgatctgagtggtggtctgagttgagtcg
tttatttatcatgtgcgtctgtctgtgtcgetegeggtttaatctageggtgtaggtgty
gatctccgaatcccatggcgectctgcttacttcgtgtttcatcaccagttatatgttat
gagatccaggataatgcattaatgctatgagaactgagattcggtttcatgcttcttgtt
ccatgtgccatgtcatgtgcgtcttgttccattgcaagttcggaccccaaaatgattttg
attgtcaatatgttaatgtgaactgccaagcatggatcgccc

Figure 2. Nucleotide and deduced amino acid sequence of cyclophilin gene, the start

(ATG) and stop (TAG) codons are highlighted; the underline shows the polyadenylation

signal AATAA, the blue bold shows the conservative sequence of the plant cytoplasmic

cyclophilin and the red bold shows conservative amino acid of cyclophilin in all kinds of

organisms

region %38 3'UTR) fzuawiniy 143 guwd
dedizideyswudn fu cyP fldfsey
fandlalndnfianaanysaffeiaduiing
Tolndiild submit aslugiudeyszns
genbank accession no EU722309.
iovdioyafiu cyP a1ndvielu

AUNTNTUEAIDDNNIANBIAIINTNWUS T

14

fu cyP TuRwpiladneg Afsiseulugiu
?l”aaga genbank www.ncbi.nlm.nih.gov/
blast/treeview/treeView.cgi WuINEU CyP 7
fFatasnzdildandrainefianuduiusatie
Tﬂﬁ%m”uﬁmiunéuTuLgﬂuﬁﬂaﬁa 41199
898 (Saccharum officinarum L.) uazdin

Tna (Zea mays L.) (Figure 4)
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Overviewy H—Forward strand

1,062 bp

L ]

Features ——Forward strand

1,062 bp ot

F-:-:-:-:-:-:-:-:-:-:-:-:—:-:—:—:—:—:—:—:—:—:—:—:—:—:—:—:—:—:q

1 bp
20urce L'Surg]hu'rn bicalar
Genes
rRMA

chs

1,062 bp

g|g|g‘

Figure 3. Structure of cyclophilin gene analyzed by EMBL-EBI database; the 1,062 bp

fragment of CyP gene is shown above (yellow bar), coding sequence (CDS) of this gene

is 519 bp (red arrow).

2. nsiflandatiuBudniu Plant Expresstion
Vector uazn15a3adaun1susngansdu
Wtulu CyP fidanszild faue
519 flwa Fansdadiniu plant expression
vector (pCAMBIA2300) (Figure 5a) 2u1A
Uszanl 9,640 Alud Fasinun199 double
digestion feaulnl FadTnwie Xbal was
Kpnl (Figure 5b) Taedl pCAMBIA2300
Usenaudieluslines (35SCaMV) uasmas
Aumes (NOS) vhwthildudariuaunig
LEAIDBNTDIEU HBU neomycin phospho
transferase (nptll) %@muqué’ﬂumzﬁmmu
ApaNTUiBme kanamycin Wubuiedpevang

v
o

Tumsdaldon 9 nduAsREEUNMIUIINGBD
fu CyP %9l 2 38swedu ABusnAe nsl
oulpaldiasiwag Hindill uay Kpnl wujy

LLuummLmuﬁLﬁul,aﬁgnﬁmﬁi’m’m 2 way

T6uA mnedszanas 1 uae 9 AlAWa (Figure 6a)
waziSfiaasRe nInTasauilsmaila PCR
Toal#lwswmas NOS (forward) waz 35SCaMV
(reverse) wudian1saviUiAsenlduaud
WBuereddu CyP aunaUszan 0.5 Alalus
(Figure 6b) laalas9a319289 Warafinane
wauﬁﬁmmaugmﬁ (pCAMBIA2300 — CyP)

azfvundseanas 10 Alawa (Figure 7)

3. ﬂ’]ii’i’]ﬂﬁuLﬁ’]ijEl’]g‘lJ HRZNISAALRDNAL
ﬂqguﬁlﬁ%'unﬂizi'lﬂ angiu
n1saefu CyP fntduuwaraiin

pCAMBIA2300 Ligang

Y Y

(Nicotiana
tabacum (L)) Ten1sldideaslnsuuailies
qeRUg EHA105 mevidanisanedudiaein
FadinozTnsuuafidedoduuueiiGaunsuay

apnanialvivan laanisldarsuifusnile
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# Pyrenophora hifick repenfis PE 1C- BFP pepfidyk prolul cis trans iso..

# PREDICT ED: Glycine max pepfidyb prolyl cis- trans isomerase 1-like (LOC100785...

@ Linum ysitatissimum clone LUOOO1B10 MRNA 5.,

® Chlamydomonas reinhardfi cyclophilin 1 (cyp 1) mRNA, complete cds

& phytophthora nicotianas cyclophilin A (CyPA) gene, complete cds

{ 2.mays gene for cyxclophilin
Zeamays cyxlophilin (CyP) mRNA, complete cds

- B
Saccharum officinarum cclophilin (CyP) mRMA, complete cds
kiis253s 4 SbCyP
Sorghum bicolor hypothefical profein, mRNA
—

Onea safiva Japonica Group clone KCGOS3D08 cyclophilin 2 mRN...

} onea sativa (indica cultivar group) cuclophilina mRMA, complete cds

& onyea sativa cclophilin 2 (Cyp2) 9ene, complete cds
E Dasypyrum villosum clone Gh21 cyclophilin 2 mRNA, complete cds
Dasypyrum villosum clone Gh21 cyclophilin 1 mRMA, complete cds

——% Hordeum volgare subsp. vulgare cONA done: FLbaf6o24, mRNA 5.

Eﬂ Trificum aisfivum cyclophilin A- 2 (CYP2) mRNA, complete cds
o

Triticum agstivum cuclophilin A- 1 (CyP 1) mRNA, complete cds

Figure 4. Phylogenetic tree of cyclophilin gene showing the relationship between the

Sorghum biocolor and different plant species

carbenicillin 400 §n./a. FeUsuuAlEiaN
Nz aNs0f A ess InsuuafiS el
Tasldifusunsosadaifofis Wevinng
ATIANOUNTUEASINTDNEYN CyP UUBIHI3
daien gas MS fdnasuffue kanamycin
Al1NLdNdu 200 wun./a. + BA 5 M +
sucrose 3% (w/v) + gelrite 0.3% (w/v) pH

57 Wunal 2 fUad andudnliangan

16

douiisondin feasluaimsiaiinysunu
pan wWisuomsininn 2 §ad inns
%’nuﬁ’lﬁtﬁmﬁuﬁﬂuymﬁ wu:iwéiumguﬁ
funsaRdgldvuemisAnidan MS —
kanamycin {37434 25 fu lagdmidanain
10A8UT LFSUNITENe Uz AN TORAIUN
Husuiiaaysalsioldld (Figure 8) uazuen

gaunldldsunisaneduasliansonsayld
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Kpnl Xbal

T-BORDER (R) ?
LAC Z ALPHA I MNOS l CyPgene IZXCAMVBSSI bp
MCS [l
CAMV35S
6.000
: pVS1 Sta .
NPT / \ 3,000
POLYASITE — aans
TBORDER (L) 1,000
. \ oVS1-REP 519 bp
kanamycin (R) -
pBR322 on pBR322 bom site a. b.

Figure 5. a. Map of plant expression vector (pCAMBIA2300) and position of the
cyclophilin (CyP) gene in plant expression vector

b. DNA of a plant expression vector (pCAMBIA 2300) and a cyclophilin (CyP)

gene digested with specific enzyme Xbal and Kpnl; lane M = 1 kb ladder

(fermentas), lane 1 = plasmid DNA of pCAMBIA2300, lane 2 = plasmid DNA

of pCAMBIA2300 digested with specific enzyme Xbal and Kpnl, lane 3 =

PCR product CyP gene, lane 4 = PCR product CyP gene digested with

specific enzyme Xbal and Kpnl

2345678 91011121314 151617 M bp E 23 [af g5 7 ) B 1113 14 15 16 17
6,000
uuUUuhHﬁ-HHHHBHH: 8,970 bp 300

1,170 bp 1,000

. -.unUﬂlilﬁllhu - 0.5

a. b.

Figure 6. a. Pattern of DNA derived from recombinant plasmid DNA (pCAMBIA2300 —
CyP) digested with specific enzyme Hindlll and Kpnl. lane M = 1 kb ladder
(fermentas), lane 1-17 = pCAMBIA2300 — CyP clone 1 — 17
b. PCR analysis of plasmid DNA (pCAMBIA2300 — CyP) using specific primer
NOS (forward) and 35SCaMV (reverse), lane M = 1 kb ladder (fermentas),
lane 1-14 = pCAMBIA2300 — CyP clone 1-5, 7-9, 11 wag 13-17
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Socl Kpnl Smal BomHI

NPT p EcoRl Xbal Xbal HindllI
CAMV35S L*- NOS ~H Cyclophilin Gene H‘ 2XCAMV3SS
' ; \ ~
(519bp)
o pCAMBIA2300 -
~10kb
Kanamycin (R)
Figure 7.  Structure of plasmid construct pCAMBIA2300 — CyP

VUDINITAALADN YIDLTUNTN FU escape
g (Figure 8b) a13UTe kanamycin
JuBunIagnang (selectable marker gene)
PlFdadanioildsunisaetu Tasdiedan
SuidluTudlundsndonfududmany d
AILANANHME A UNIUABRTUJE U
kanamycin ¢ lsiansnsovhduneuiilaide
Rofldsunisdedu Tuousiiilsdofiald

Tisutuazaeluavnsdaian  (Miki and

McHugh, 2004) muﬁé’ﬂﬁwudﬂﬁumguﬁ &
sun1saernduarnrsowaun T dusud
auysalld laaau1300g30AUUaIMI9AR
\d8n kanamycin Aanudindulussiudau
#9gedn 200 un/a. Femadndunannain
fu cyP fegluwanafinaensdifiiu nptl
soaunIney ualustasegudiae
4. nMaRATIREBUMsUIAYEaNTaEulugY
Trewmaila PCR
HANIATIREBUNILUTINGg 8B CyP

ndunguitldsunsirefunazaansania

TduupmnisnaLann grumaiia PCR lauld

18

Twswefdmau 2 g Wiud wswesidumzi
81 Ap CyPXbal (forward) wuaz CyPKpnl
(reverse) warlwswasidudiulscnavaas
NARBIWINE A NOS (forward) WA
35SCaMV (reverse) WUIHFAUEIFUIIUI
10 #u fAswnsavijisenlduaufiueses

fu CyP auwadszana 05 Alawa Fouaud

Sulefilgdaunanserududileaaaunsndly

Figure 8. a. Transformed tobacco plant
containing cyclophilin gene
cultured on MS media
supplemented with 200 mg/I

b. Non - transformed tobacco
plant cultured on the same

media as a.
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bp M123 46567 8 91011121314151617181920212223 24 25 2627M

6,000
3,000

1,000

0.5 kb

bp 2 3 ¢ 8 9101112 13141516 171819 2021222324252627 M

6,000
3,000

1,000

0.5 kb

Figure 9. a. PCR analysis of tobacco plant using specific primer CyPXbal (forward) and

CyPKpnl (reverse)

b. PCR analysis of tobacco plant using specific primer NOS (forward) and

35sCaMV (reverse), lane M = 1 kb ladder (fermentas), lane 1-2 = no. 1 — 2

control (no gene transfer had been performed), lane 3-27 = no. 3 — 27

(transgenic model plant).

Tuslunzesengy Tunmsiidusnguitlalisy
nsdieduaslivsinguovdiuievasiud
NaM (Figures 9a, 9b)
f1nsusruiTeilddneTuadeil
snansasiapaaindaldlasisunguitlésy
mateiu CyP lunsaessunistanguesye
fudrzwaila southern blotting 91Ny
Wn1sAnsInsuanveanaeddulusy iy
Tusfiu warfnsnisuandeandesduiiney
NUBIABRANITUIAGDN T LIANTTRNAN9T
Feflu cyP fimunlingluzlosswanaiia

foway Aflananysalanisadildie

dnidingisfideenisiiudny L nUNIUce
annwIndandilaimuncandeg wazaaly

mM3sesansruaunsdulysiugissaluly

BUIAR

f3Unan1INAa
MAaauiu CyP andluinfidule
ze9dnieWuignes 1 uargwIsy3 60
wudn Buiidensedildfaunn 1,062 AL
Wodinsneilasead1ezeiu wudndudiles
faulsznauasuiedy Asduiiealelnalu

fuiifin1suangean (ORF) 97U 519 A
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wa ansawdasiadusduyindussiu
CyP 977U 172 amino acid wazBufiléd
ANumiaustegeiudu CyP fnuludo
uazdnilwe laefiAn % max identity windu
89% LAY 82% ANNAAU

s enanafinmenan laun1s
\Fonsatiufiu CyP 2w 519 gwa iy
plant expression vector (pCAMBIA2300)
melfnisaruguaeslydunes 35sCamv
warwasiuwes NOS HanTIamaunans
Usingoviudenann Teamssadeoulssd
fndnwizuasmaida PCR wuildnaiain
snewsnfifinuanysal pCAMBIA2300 —
CyP fzwadszunas 10 Alawd suiu 14
Taau

N1I0NUNINWANTNATTUNE N
PCAMBIA2300 - CyP uglusngy lasms
MdenInsuuafiBon swnsadationdu
grguuuamMIIAnianuara st lviie

fiuninasUjiue kanamycin indu 200

[

a a 1 a [~ e 6 U
JaansNanang uial 2 d§Uavi wusu

%

pguiiasnsowaunfudufianysalsolllé

U 25 fiu
N13A39NOUNITUEAIDBNTDITU

CyP Tuengu lavlfinaila PCR wusuegy

LUaIWUsNA1aI lESunaalna1uNa

9

(%
(%

nanue 10 gu Asdudszansniwlunisdne

ful@¥auay 40

20

o

1aUANM

€A

El?lﬂ?lﬂﬂ@ﬂiﬂﬂﬂ’lélﬂﬁ"ﬁ\li'

U

o)
ee

¢
oD
e

Y]
a A 4 & v Cw |
JWITNUYT NDYLATITVLNAANWUGDIINY

9

AT.ATINY  BIWINAY WANIANBRE

e A9 v o ~ €
INBATANEAS NIHAUSNE WATBULATIEY
plant expression vector (pCAMBIA2300)
gmsuldluniananeside veveuqm Au
an¥and Auidsed uazanrindn Sutuun

NE8TTNITY &IUSUAIINEILARDIIUITY

1ONN13D1DY

139U uiinzdy, 2554. waduly/adug,.
http:// www.tistr.or.th/t/publication/
page__area_ show__ bc.asp?i1=86&
i2=6. 12/12/ 2554.

15unu, 2554, dayaiAsugnInIsinEmg.
SUNULATHFNINITINEAT. UHES
A http:// www.oae.go.th/
main.php?filename=agri__productio
12/12/ 2554.
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