Journal of Science and Technology Vol. 8, No. 3, 2019 213a133ngnmansuazinalulad 17 8 atufi 3 2562

[ 1 0
nms3aufisunisuansaanaasiiv JCGGPPS uaziin JcCS luinanaiian
fiogene 9 lunuandlsanmansasuaataainasgonasns naidsansansen
Comparison of JcGGPPSand JcCSGene Expression in Various Seed Ages of High

and Low Phorbol Esters Content Cultivars

o ¢ 1 aa ::3/ 2 a o [ & 23
ﬂfq)ﬁiﬁ% qasim[m, WIFAT mmaqa uas auwsre aunsidin®

Sakulrat Suwanno,’ Pornsiri Liangsakul’ and Sontichai Chanprame**
Received 1 August 2019, Accepted 17 December 2019

ABSTRACT

Jatropha curcas is a high potential oil crop that fulfils many of the requirements for bio- diesel
production. The seed kernels have an oil content of 40-60 percent. However, they also contain various
toxins; phorbol esters (PEs) are the main toxins in jatropha seed and oil. The objective of this study, was
aimed to compare geranylgeranyl diphosphate synthase (GGPPS) and casbene synthase (CS) gene
expression in various seedstages of high and low PEs content using real-time PCR technique. Partial
cloning of GGPPS and CS showed the 592 and 1,092 bp of DNA fragments,called JcGGPPS and JcCS,
respectively. The gene expression levels were studied by using real-time PCR. It was found that the
expression of JcGGPPS in the seeds of Korat and Mexican cultivar had the highest expression at 20 days
after pollination (DAP) while the expression of JcCS reached the highest level at 40 DAP. When comparingto
the gene expression levels at various seed stages between the two cultivars it was found that the JcGGPPS
and JcCS gene expressions in Korat cultivar were about 6-36 and 1.5-2,600 folds higher than those of
Mexican cultivar, respectively. If there is correlation betweenthe expression levels of the genes and seed
PEs content, the expression levels of the genes could be used as the simple indicator for selection of low

seed PEs content.
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LaLWaINNNINNWarTGa (fossil fuel) (Devappa o e o o e 2
e a¥ o a MEFENWIN NG auuns Buds Laauiy
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ﬂmnmaumﬁwmﬂuﬂquvlmmawuauazm
@ & & & a &
gatazhaInatUaalagines I@wuumuqu
mMIsanlrinizai Jatropha curcas casbene
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1. fmnlFlunIneass

éfuayj’ @ (Jatropha curcus L.) quﬁ:ﬁﬁﬂ%mm
sineTuastaainasluuiags (Wuilan) uaz
w”ufﬁﬁﬂ%mmmiwai{uamaamaﬂumﬁwﬁw
(Wusiingln) luudasnanasvasuniinean
INEHAIFIRAT INYUVATUWILEUIINIAUAIUFN
RINITHNENAILDS LLa:Lﬁué’aamdmﬁ@ﬁmq
15, 20, 25, 30, 35,40 LAz 45 TWARINTTNRULNAT
NENA total RNA

2. NF&NA total RNA LAZNIIHILATIER
first strand cDNA

§Na total RNA mmuﬁ@mﬁi@‘i']ﬁﬁmq 15,
20, 25, 30, 35, 40 ULAZ 45 TURRINTINFNINRT
@1N3DN17V84 Laksana & Chanprame (2015)
ATV N IWLAZLINI AT IRNA Al
Lﬂ%ia\‘l nanodrop spectrophotometer 8000 (Eppendrof)
fANE1INAR 230/260 WAz 280 1.4, 1NTY

§9LASITH first strand cDNA @11 total RNA
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laan1391 reverse transcription (RT) §28A15H91%
28910% lo3 reverse transcriptase lasld@idue
lwsiwasidu Oligo (dT),primer tuaaasdulu
nIdsiazhlasldradaiasnzy first strand
cDNA La=33n15V84US¥N Thermo Fisher
Scientific (USA)

3. mseanuuulnswesiianusnz
nu 8w gerenylgeranyl diphosphate synthase
(GGPPS) lLa casbene synthase (CS)

2anuuU NI NaSERILFILATITALIIEIN
2898% GGPPS UazCS N3 uTaya GenBank
database (www.ncbi.nim.nih.gov) lasiiu GGPPS
1‘1?‘1]”633& accession number: GU585938 Laz i
CS Ifﬂ’aga accession number: AB687998 67 ¢
lusunsuaanlasl OligoAnalyzer

3.1 (http://eu.idtdna.com) wa2&d b3taNzA
wdraudauiiailalnglasuSen 1% base
Laboratory (Uszineuiaide)

4. mM3laanu19dIkVaIE® gerenylgeranyl
diphosphate synthase ( GGPPS) L a ¢ casbene
synthase (CS)

RILATIZAUNIIUV098% GGPPSUaL CS
danaiangas laald first-strand cDNA U84
§1j61500 W lunTduwduLuUIINAY 10x PCR
buffer U5u1a3 1 lulasdias s13azans MgCl,
ANuLTNTY 25 Jadluas Usunas 1 lulasdias
81582818 dNTP mix ANty 1 Sadluans
Ysunas 1 lulasdas Iwsiwasaiuidudn
5 fiadluans USuas 0.5 lulasdas Tag DNA
polymerase AN TuTU 5 niladalulasfias
158195 0.1 lulasdaas first stand cDNA template

a

Usuno 1 lulasiias uazdivdSanasgarioean
Wi unsiesingerdu 10 lulasdasvia
UFAsuRdarilanindrunandii g lain3as
Thermo cycler (Biometra®, Germany) A% %@

UfATenasikpre-denature aannd 95°C 1iuiaan

3 w11 denature gasnndl 94°C L8 1 wf
annealing gmanndl 52-62°C L ui1a1 30 Tuf
extension ganAdl 72°C Lul1a11 wifl ¥
115un33 denature 9 extension $1%3% 30 S8V
final extension 8 nNil 72°C vuiaan 5w
AIIVFOUNANAAN bATI8NITAN agarose gel
electrophoresis NI UAALALELEHLE08NINTY
ausanadLdualasld QlAquick Gel Extraction
Kit (QIAGEN) &sld3iazisauianilalnelas
UTHN SolGent Uszinain1na tWIsuiisuainu
milauszrinsdeudiauanialdsauiiaulaain
3 udaya GenBank uazdianzhalnldsunyy
Blast 3110 http://www. ncbi. nim. nih. gov/ cgi- bin/
Blast/
5.113AS19F0UNITUENIBONVDIEK

JCcGGPPS uaz JcCS A218iNAkA real-time PCR

6 o '

aanuuu wsiwasnsmzdeiiu JcGGPPS
uaz JoCS lasldtayasraufianilaing anda 4
waziin Actin molusunsuaanlalt primer3 (http;//
simgene.com/Primer3) (Table1) WIsuisunisg
meaaﬂmaaﬁulumﬁ@ﬁﬁmq 15, 20, 25, 30,
35, 40 UAZ 45 TURAINMINFULNRT maaayl@‘im”uﬁf
lasvuaziindlnlaslsiw Actin \Juiud1984
(reference gene) L@IBNRIUNENVDY UATEN
USuas 20 lulasdas Usznaueas 2x SensiFAST
SYBR No-ROX Mix U311a3 10 lalasdas forward
primer LR reverse primer ANULTNTUTRARNZ 10
fadluais YSuasviiaas 0.8 lulasday first
strand cDNA AMNNTY 300 w1 lunsu USuno
1 lulas8as way DEPC-treated water Y5103
7.4 lulasdnsaniudiaziszaunisugaaan
P9 iuda8Ln509 Mastercycler® eprealplex U84
U319N Eppendorf m%“[ﬂumnu%’m%’uﬂﬁﬁ%mﬁ'%
9156 9# denature gwnnd 95°C 1duiaan
15 71111 annealing g 4% n160°C L uL21a0

15 A1 WaY extension amnnd 72°C v uLan
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20 A7 31UIW 45 30U I nnnBIAIN e
TUdrurmniniTugasaanuasdnlaslTudn

(normalization) NUAINITULEAIBENVBIEW Actin

lasudazan U3 Ludald first strand cDNA
3 @18814 (biological replication) weazA819¥in

3 51 (technical replication)

Table 1 Primers used for amplifying of partial GGPPS,CS and Actin (reference gene) for PCR and real-

time PCR
Primer Nucleotide sequence Amplicon size
(bp)
GGPPS_F 5- TCCCTTAGCCTACTTTCCTCCTAC-3’ 592
GGPPS_R 5- CTCACTAGCTCTTGATACGCTTCC-3’
CS_F 5- CCGTCCTGAACTCCCATTTA-3’ 1,092
CS_R 5- AGCCGATCCAAGCTCAGTTA-3
Actin_F 5- TCGTGCTGGATTCTGGTGAT-3’ 590
Actin_R 5- GGAACCACCACTGAGCACAA-3
GGPPS_F_realtime  5- GCAGTACCCTTGAACCATCC-3 115
GGPPS_R realtime  5- CGCCTACTAACTCACAGGCA-3’
CS_F_realtime 5- ATATCCCACCTTTCGATTGC -3 126
CS_R_realtime 5- TGCAAAGGCTAGAATGATCG -3
Actin_F_realtime 5- ATGACATGGAGAAGATCTGGCATCA-3’ 150

Actin_R_realtime

5’- CTCACTAGCTCTTGATACGCTTCC-3

6. NIILATIZTUNIEDA

MIUKHBNITNARBILLL CRD Jd1wIun1y
¥indn 3 A3 LLa:’imsw:ﬁﬁaHammﬁﬁﬁw
1U5un33 R (version3.4.3) T30NUALATITHANY
wand19vasa1iaaslasld DMRT (Duncan's

multiple range test) P<0.05
HANIINARDILATIDTO

1. M3lAanUIEIRVaIEN GGPPS uay
cSuazn1vilaszannuiiailalne

lun1saria total RNA 3 nEyd1Wudn
extraction buffer NlTE1N1TARIAINTTILTRS bt
\WIz i IuNENTE9 B-mercaptoethanol &4
aumant @i reducing agent ina1oWuse

loagalWdvasionlosilslufiindies (ibonuckeases)

wazilasriunisaandlad (oxidized) a1vlunga
Auada ﬁﬂfﬁ'@awaﬁaizﬁnﬁl”ﬂvl,ﬂa”uﬁ'umiﬂuaﬁﬂ
LLazﬂﬁjuﬁ’;ﬂﬁﬁﬂLﬁaamﬂmﬁuﬁmzmwﬂua§ﬂ
nunsafianddaluanineandladrinliquauda
maafuasnsafinaaaaiasuly (Tnan, 2546)
gaud5unm total RNA filadanudutudszan
500-2,000 w1 lunsuselulasaas ey
ATIIFOUAHAIN WU total RNA fuonlad
Qmﬂﬂwawmmumad large ez small ribosomol
RNA (Figure 1b w8 1d) 91N%% %" total RNA
AanaldurdsiasreWidu first strand cDNA
Tunns@nwnitldfirst strand cDNA Wuslanndu
winuudnIulaauuIduwadin GGPPS uas

csSlaaltlwsinasniwiesnudunigadining
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m@hﬁuﬁﬁﬁmmamaaﬂmaaﬁugandﬂ 154
\§inGln @elugng annealing lanaaasltgmunnd
fIue 52-62°C Wuin WA annealing 7
WANNZEN A 60°C LNaunudldutadnuiaves
% GGPPS 1w1a 592 dLu (Figure2a) E% CS
2119 1,092 dLUF (Figure2b) Uazin Actin 3W1@
590 ¢ LUF (Figure2c) Lﬁaﬁﬂﬂ]’agaéwﬁuﬁmﬁia
Induasdidutafilanidiassiaanldsunsa
aaufataeslanilIouifivunugiudayaaes
GenBank ‘ﬁ website http://www. ncbi.nlm.nih.gov
/cgi-bin/Blast/ WULDUALAULOIWIA 592 GLU
flanuwilawny GwGGPPS wasaidn(accession
number:NM_001308786.1) Sauaz 99.75 81 gu
( Nicotiana tabacum, accession: GQ911584. 1)
ToURTT76.67 Populus trichocarpa (accession:
XM_006383272.2) Jouaz 76.40 LA Gossypium
arboreum accession: XM_017782669.1) MOEEE
78.35 39138N318% JcGGPPS § Wl UA %D
219 1,092 GLUs danuinilawnuiin casbene

synthase (CS) U8JIF1 6 (J. curcas, accession

1520 25 30 35 40 45
e 0 ‘. . " <— Fruit

' [ <— Seed kernel
(a) Korat

” ‘ ‘ <— Fruit
i 1 Seed kernel

(c) Mexico

number: XM_012211452.2) Yauaz 99.30 a4
( Ricinus communis, accession number: L32134.1)
Yo ez 75.73 waz Euphorbia pekinensis (accession
number: MF034928.1) Saaiaz 74.58 34138031
fl JcCS

M mqﬁém”uﬁmﬁ"[a"lﬂﬁmaaﬁu JcGGPPS

waz JcCS Nlaaw ke lwiannusauiinila ing

A & a Vo dAa @
Tadﬂuﬂdﬁa\‘lU%“ﬂadayﬂ’mwaglugﬁumaga
o 6 1

GenBank 8tz 100 thasanaewuiaydily
cg' < % 6 d‘d L%
lunnenssiiduauazaaWugiunddaya
d1aufiaadlalndlugiudaya GenBank uaz
tiaanysngnisniNisenin single nucleotide
. A £2
polymorphism (SNP) Gswu'laianaludluuves
A Ada P ' o A A .
faiT7arhad199 v lAlunssiia (species)
eI wUAA1IWUT (variety) TSIV
a a o 1 1 Qs o v v
fndla Indluunsdunisdnany lizunsals
sNP iduiaTasnurpluiananldlunisued
Wyuﬁ:ﬁ"ﬁvl,@iv (Dong et al. 2010; Li et al. 2010; Korir

et al. 2012)

M 15 20 25 30 35 40 45

<4— 285 RNA
18S RNA

(b) Korat

28S RNA

(d) Mexico

Figure1 Fruit and seeds of jatropha at various developmental stages (15-45 DAP) of jatropha cv. Korat

(a) cv. Mexican (c) and total RNA extracted from fruit and seeds of jatropha cv. Korat (b), cv.

Mexico (d); lane M: Marker, 1kb DNA ladder (Fermentus), lane 2-7 total RNA from seeds at the

age of 15-45 DAP
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M 15 20 25 30

35 40 45

1,500 bp —»

1,000 bp —»
750 bp —»

(a) GGPPS

<«— 1,092 bp

(c) Actin

Figure2 Partial cloning of GGPPS, CS and Actin gene from various developmental stages of jatropha
seeds cv. Korat; lane M: GeneRular™ 1 Kb DNA ladder (Fermentas), lane 2-8: cDNA derived
from jatropha seeds at 15-45 DAP; 592 bp of GGPPS gene (a) 1,092 bp of CS gene (b) and 590

bp of Actin gene (c)

2. MmadIguigun1suandaanaaddn
JcGGPPS waz JeCS luindnalainaia real-
time PCR

F1RTUNTALATIERNTLEAIBanYaIa
JCGGPPS LAz JcCS 210 cDNA 283LUAA&1Y 61
Y9 7 3282 §a8inada reaktime PCR lasnns
e Cq vasiuudazafiafildnmsienzsidn
3 A%9 @0620879 @21A309 real-time PCR
VAT WIUAINITLFAIaaNUILAINITURASB AN
SRR (normalization) AIUAINIILRAID DN DI
fu Actin ‘ﬁllﬁﬂuﬁué’wad (reference gene) WU
MILEAI0aNVIEY® JCGGPPS Waz JcCS ‘Luw”mf
1A TT28ZUIN g RAINMIHFULNITIZUEA I8N 11
seeududdan 9 induiasroswauivasna
Lﬁuﬁmngdq@ﬁiwz 40 TUAKINTTNRULNRT
(DAP) #8397n5in39aaasatnssaatsad annly
ATTANIFRANLINTZAUNITUEAS8DNVBIEY
ﬁgaamﬁulumﬁ@ayjs‘hwuuﬂmwﬁmq 15-35 WAL

45 TWARININFNLNFT L TANULANANNIIRAR

At INnU AL uAIzuANE1Ia 1INy AN
aﬁaﬁ'muﬁﬂ‘ﬁ'awq 40 TURAINIINFNLNRT
(Figure3)&1»nN1IUuaadaanuaddt JCGGPPS LA
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Table 2 The comparison of the average relative expressions of JcGGPPS or JcCS gene in seeds at 15-45

DAP of the jatropha cv. Korat and Mexican

Gene Day after of pollination (DAP)
Verities 15 20 25 30 35 40 45
JcGGPPS  Korat 0.00277 0.00352 0.00551 0.00584 0.02939 0.29215 0.03599
Mexican 0.02267 0.19078 0.00096 0.00016 0.00217 0.01868 0.06188
JcCS Korat 0.04863 0.00903 0.00841 0.01464 0.04919 0.55947 0.04539
Mexican 0.03213 0.05901 0.00204 0.00002 0.00005 0.00021 0.00613
T_test * * * * * * *
Note: * Means are significantly different at p< 0.05
= 06 3
;2 0.55 i
2 0.5
B 045
) 0.4
; 0.35 A
Q 0.3 I
S 025 .
2 02 _
£ o01s
% 0.1 B a b
" [aliz I2le cpep o2ap s?&“‘g d A -alx
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Day after polination (DAP)
B Mexico CS B Toxic CS Mexico GGPPS Toxic GGPPS

Figure 3 Relative expression of CS and GGPPS gene from jatropha seeds cv. Korat and Mexican cultivar

at 15-45 DAP analyzed by using real-time PCR
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