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Background G ﬂﬂiﬂmﬁs

> Jatropha curcas: small tree, originated from Central America

» Seed cake and oil: toxic, non-edible due to phorbol ester

> Seed Oil Content: 30 %, FA composition: - Palmitic acid 14 %
- Stearic acid 6%
- Oleic acid 42 %
- Linoleic acid 35 %

» Jatropha Biodiesel:- Cetane Number (CN): 46.3
- Oxidation Stability (OS): 3 hour

> Specifications: -in Europe EN14214, CN: 51, OS:6h
-in USA ASTM D6751, CN: 47, OS: 3 h

» How Genetic engineering to improve Jatropha Biodiesel Quality ?
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Fig. 6 - Fatty acid composition (%). G16:0 = palmitic acid; G18:0 = strearic acid; C18:1 = oleic acid; C18:2 = linoleic acid. Other
acids containing capric acid, myristic acid (G14:0), palmitoleic acid (G16:1), linolenic acid (G18:3), arachidic acid (G20:0),
behenic acid (C22:0), cis-11-eicosenocic acid (C20:1) and cis-11,14-eicosadiencic acid (C20:2). n = number of observations used.

Sources: [1,13,26,56,71,75,77-79,82].
Source: Achten et al., 2008

The Facts sinarmas
Table 4. Cetane number (CN) of pure fatty acid methyl esters 1

CN Lauric Mystic Palmitic Stearic Palmitoleic Oleic Linoleic Linolenic
61.1 100 0 0 0 0 0 0 0
69.9 0 100 0 0 0 0 0 0
744 0 0 100 0 0 0 0 0

0 0 0 100 0 0 0 0

0 0 0 0 100 0 0

0 0 0 0 0 100 0 0 1

0 0 0 0 0 0 100 0

0 0 0 0 0 0 0 100

Source: Bamgboye and Hansen, 2008

Jatropha Biodiesel: - pure Methyl Oleate, CN :57.2
- pure Methyl Linoleate, CN : 36.8

94:2 =47

Methyl Linoleate \ CN Value
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Oxidative rate Linoleic acid
(18:2)
Fatty acid:
- Oleic acid 1 X

- Linoleic acid 10 X

Methyl ester:

- Methyl oleate 1 X
- Methyl linoleate 49 X

Source: Frankel, 2005
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The Facts

Table 5. Melting Points, Kinematic Viscosity, and Oxidative Stability of Neat Fatty Esters
Kinematic viscosity (mm?/s)*

ester mp (°C)? 40 °C 0°C =10.°C oxidative stability
methyl octanoate —37.3 (—40) 1.20 2.31 3.04 >24
ethyl octanoate —44.5 (—43.1) 1.32 2.68 3.46 >24
methyl decanoate —13.1 (—18) 1.71°f 4.04¢ 4.04 >24
ethyl decanoate —19.8 (—20) 1.87 4.28 4.28 >24
methyl laurate 4.6 (5.2) 2.43¢ solid >24
methyl myristoleate ~=52.2 293¢ 7.01°¢ 9.92 nd
ethyl myristoleate —64.9 nd nd nd nd
methyl palmitate (30) 4.38¢ solid
methyl palmitolcate —=33.9 3.67 10.15 14.77 2.11(0.11)¢
ethyl palmitoleate —36.6 nd nd nd nd
methyl stearate (39 5.85 sold =24
methyl oleate =19.51(=19.9) 451 14.03 21.33 279 (0.21)
ethyl oleate —20.06 4.73 14.49 22.18 2.68 (0.18)
methyl ricinoleate? —5.85 15.29¢ 123.83¢ 182.36 2
methyl linoleate (-35) 3.65 9.84 14.10
methyl linolenate (—52) 3.14 7.33 10.19 L K

Source: Knothe, 2008

OS, Methyl oleate : 2.79 hour
OS, Methyl linoleate: 0.94 hour

Methyl linoleate \OS value
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To increase oleic acid and to decrease linoleic acid
for Jatropha

2 methods

<\

Soybean = BiodieS€| ————p Partial Hydrogenation
Additional cost 0,04 US $/liter (Moser et al., 2007) + investment cost

Purpose of Research G ﬂﬂiﬂmﬁs

» The main goal of this reserach proposal is to improve
Jatropha biodiesel quality through genetic
engineering.

» To modify fatty acid composition, especially to
increase oleic acid and to decrease linoleic acid
content of Jatropha oil, the strategy applied is to
insert the silenced gene of A 12 fatty acid
desaturase (FADZ2) in antisense
construction to Jatropha genome.
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Primer design : To isolate complete gene FAD2 (DNA and mRNA)
Target Promoter : CaMV35S pada pCambial302
Genetarget : A 12 fatty acid desaturase (FAD2) J. curcas

Construction : Antisense
Gene Transformation: Agrobacterium tumefaciens
Oil Content Analysis : HPLC, GC

Propagation: Stem Cutting, Micro-Cutting, Tissue Culture

(&) cj

C14-ACP

l KAS I A9-Desaturase A12-Desaturase

C16-ACP —> C18-ACP — C18:1-ACP % C18:2-ACP
l PAT l SAT l OAT l LAT

Ci6 C18:0 ci8:1 Cc18:2
Palmitic acid Stearic acid Oleic acid Linoleic acid

14 % 6 % 42 % 35%

Pathway synthesis of Fatty acid in the plant
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pGEM®-T Easy Vector

T7 Transcription Start

§ ... TGTAA TACGA CTCAC TATAG GGCGA ATTGG GCCCG ACGTC GCATG CTCCC GGCCG CCA’IV
3 ... ACATT ATGCT GAGTG ATATC CCGCT TAACC CGGGC TGCAG CGTAC GAGGG CCGGCI IGGT

T7 Promoter

Apal Aatll Sphl BstZI Ncol
GCGGC CGCGG GAATT CGATT3, . ATCAC TAGTG AATTC GCGGC CGCCT GCAGG TCGAC
CGCCG GCGCC CTTAAGCTA éﬁs’m@m ATCAC TTAAG CGCCG GCGGA CGTCC AGCTG
Sacll  EcoRl Antisense Spal | EoAl Pal Sall

A 12 FAD2
/ SP8 Transcription Start

CATAT GGGA GAGCT CCCAA CGCGT TGGAT GCATA GCTTG AGTAT TCTAT AGTGT CACCT AAAT ... 5
GTATA CCCTCTCGA GGGTT GCGCA ACCTA CGTAT CGAAC TCATA AGATA TCACAGTGGATTTA ... &

| | 0 | | SP6 Promoter
Ndel Sacl BstXl Nsil

1517MA
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pGEM®-T Easy Vector

T7 Transcription Start

5 ... TGTAA TACGA CTCAC TATAG GGCGA ATTGG GCCCG ACGTC GCATG CTCCC GGCCG CCAT;/
3 ... ACATT ATGCT GAGTG ATATC CCGCT TAAICC CGGGC TGCAG CGTAC GAGGG CCGGCI |GGT
T7 Promoter

Apal Aatll Sphi BstZI Ncol

GCGGC CGCGG GAATT CGATT3, ) ATCAC TAGTG AATTC GCGGC CGCCT GCAGG TCGAC
CGCCG GCGCC CTTAAGCTA &S‘TTAGTG ATCAG TTAAG CGCCG GCGGA CGTCCAGCTG

Notl et
BeZl e

Bl e Ecom antisense Spel  EocAl

BstZl
SP6 Transcription Start

CATAT GGGA GAGCT CCCAA CGCGT TGGAT GCATA GCTTG AGTAT TCTAT AGTGT CACCT AAAT ... 3"
GTATA CCCTCTCGA GGGTT GCGCA ACCTA CGTAT CGAAC TCATA AGATA TCACAGTGGATTTA ... &

I | I SP6 Promoter
Ndel Sacl Nsil

Nco |

GGCCGCCATGGCGGCCGCGGGAATTCGAT _ AATCACTAGTGAATTCGCGGCCGCCT
C CGGCGGTACCGCCGGCGCCCTTAAGCTA TTAGTGATCACTTAAGCGCCGGCGGA
Stop codon Start codon

Spel

Antisense
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Plasmids:
1) pCAMBIA 1302

Him i [1] (9788)
Sl | (U7%6) lacZalpha
YIS0\ CaMV 368 promoter cene.

a2 o) ety 2) pGEM-T Easy Cloning System (Promega)
prides Hel 11(%)
"":;. (8 o Il!;sll.u-'r'.m”'"""
o | (7747 N 1 (72
Sy L Tt (1] Crestos poly-A
ClWMSpn‘:mmot\.wm 3 bex T-Bordor (right)
R _\(\fl Linem
hygromycin () P | Antisense FAD2 |
pCAMB|A1 302 pVS1 sta Sac |
Xho | (7613) 10549 bp EcoR | Nco | Nhe |
CaMV35S polyA | 7 Bgl | Pml |
T-Border (lef) / Spe | Bst Ell
\ / | | [camv3sspromoter| | GFP5 | |
kanamycin (R) * -~ Whe 14170
pBR322 orl s
pBR322 bom

pCAMBIA 1302
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Construction Gene with promoter CaMV 35S
in plasmid pCambia 1302

» Amplify pGem by primer Ncol dan Spel

> PCR product cut by using enzymes Nco | dan Spe |

> The fragment ligate in restriction sites of Nco | dan Spe |
in pCambia 1302

Nco | Spe |
pcavpla Wiy o S pCAMEA
Nco | Spe |l

|

| caMV 35S | FAD2 Antisense GFP5
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Construct DNA structure PTGS
Cosuppression | g -— 10%
Antisense —- .— 15%
Inverted Repeat | g .— 69%
Intron-spliced
inverted Repeat | == Emm—— - 100%
atFAD2 1103nt cDNA mmm  Napin promoter
atFADZ 480nt §' region [ nos terminator
atFADZ 120nt 3' UTR I FAD2 intron 1
Various constructions of gene silencing
(7] sinarmas
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Plasmid

4 3 A tumetacens Transformation mediated-A.

tumefaciens

E@E .

Gene transformation

Transgenic Jatropha

cell  — —
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Year 1 Year 2
Activities st 3rd 4th 5th gth st 2nd 3rd 4th 5th Bth

Isolation and
confirmation gene

Plasmid construction

Agrobacterium
transformation

PCR transformant
detection

Plantlet growing

Analysis of fatty acid
content

Propagation
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Improvement of oil quality for Soy bean

Soy bean

Olai;:;:id D, L'“‘(’Les';;‘c'd FAD3 Linolenic acid
: 0 (18:3) o
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¢ A/J trans 2 hexenal

~L 15
2 pentyl-furan

hexanal
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High Oleic Acid Trait is Environmentally Stable

Avg. Oleic Acid Content

Elite 6168-12 L2494*HO7-9
Ames, Iowa 20.3% 86.7% 56.0%
Cedar Rapids, Towa 22.9% 85.2% 39.4%
Towa City, Iowa 20.6% 85.7% 44 6%
Kalamazoo, Michigan 19.2% 83.9% 44 2%
Stine, Delaware 21.3% 85.0% 51.1%
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Resources for Biodiesel Relative costs of biofuels from various feedstocks
Yield per hectare in liter Estimated cost per barrel of fuel
s- $50 $100 $150 $200 $250 $300 $350
T T i

Ol palm 7,133 Callulose 5305 |
Coconut Wheat
Jatropha
Olive

Soybean
Canola (Rape)
Sunflower
Soy bean
Corn (Maize) Sugarcane | $45 |

“Under aptimal conditions  Ouslla: Phillips McDougall, January 2008 - Copyright @ Bayar CropSciance
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A 50:50 blend of the oily nut from the jatropha
tree and Jet Al fuel

December 30, 2008, 11:33 am
Air New Zealand Flies on Engine With
Jatropha Biofuel Blend

FL350 <
Accel/Decel oy
Windmilling Start 10000
IFSD Simulated Missed
Startor Assist Start. Approach
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Air New Zealand's Capt.
David Morgan with vials of
jatropha oil and Air New
Zealand's biofuel blend.
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http://greeninc.blogs.nytimes.com/author/james-kanter/

