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Global Area of Biotech Crops

Four GM crops
dominating

2019
29 countries
190.4 million hectares
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Figure 1. Global Area of Biotech Crops, 1996 to 2017: Industrialized and Developing Countries RAPESEED

(Million Hectares) uvs
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OIL PALM — Most Productive Oil Crop >
Oil Palm E g
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Planted on just 5% of
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Genetic Modification of Oil Palm g

Justification:
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Genetic Modification of Oil Palm

Inherent high productivity of the oil palm to be channeled towards the

production of high value specialty oils and industrial feedstock

High Oleic
Acid

HighStearic g
Acid —__/

Fungal

Biodegradable.-
b Resistance

Plastics

Palmit

Ricinoleic
Acid

Industrial Feedstock
Liquid oil market
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Biolistic Transformation of Oil Palm
e DY SiCal Parameters
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= L Sjze: lum

. Helium Pressure PSI P2
Rupture Dise = IS
L I AN
: e M y
F Macro Camer & Tow %
£ XL [l

‘ DNAqoldmix 4 P ¥t \ ;

s (Y sopigSieed S - 5 7

Target Tissue I (i

E &

o (Calls]
.|v{.'1 -
she Rombardment No.P7

8 o B o B i

g 0% n 0N & B 2 E QD

.
e
ook

A b o i
ke vy DV e P e o

B DNA-microcarrier

Gus staining for bombarded calli Distance to target

derived from Immature embryo tissue: 7.5 cm precipitation:
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Biolistic Transformation of Oil Palm

-Biological Parameters

Osmoticum: 0.4 M Mannitol
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Gus staining for bombarded calli
" derived from Immature embryo
fr‘,-
 Parveez et al (1998). Ind. Crops Prod. 8:17-27.
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Biolistic Transformation of Oil Palm
-Evaluation of Five Promoters =

Gus staining: bombarded calli
derived from Immature embryo
A N A

Chowdhury et al (1997). Plant Cell Rep. 16:277-281.
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Biolistic Transformation of Oil Palm
- Selection Agents For Oil Palm
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Transgenic shoot
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Regeneration of Basta-resistance Transgenic Oil Palm

The transgenic oill
palm were proven to
be fertile

— - —

Gus gene expression in mesocarp of Gus gene expression in kernel of transgenic
transgenic oil palm (top) and in non- oil palm (top) and in non-transgenic oil
transgenic oil palm / control (bottom) palm / control (bottom)

Parveez et al (2000). Biochem. Soc. Trans. 28(6):969-972
Parveez (2003). AgBiotechNet.5(ABN113):1-8 ptember, 202¢ | Ce
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Agrobacterium-mediated Transformation of Oil Palm

Transformed with pCambial300-UBA
LBA4044 strain
Basta-resistance transgenic oil palm produced

NUNIZIESRE500L°
Stage and procedure Media Duration .

Starting material:
Suspension embryogenic calli (EC)

Southern blot
Analyses

‘ Transfer EC onto solid medium,

—| EC agar medium )—( Overnight \
incubate in the dark at 27 °C

Pre-| plasmolysls
Trans fer EC into agar medium,
incubate at 27 °C

Physical injury; PM agar medium
Bombardment of EC
Agroinfection of EC; Agrobacterium 2 hours
Shake 100 rpm at 28 °C suspension culture

A:1000 ug/ml,
B:500 ug/ml,
~ C:300 ug/ml,
_ D:250ug/ml,
£:200 ug/ml,

Post-plasmolysis; PM agar medium 1 day
Transfer EC onto solid medium

Co- culnvanon of EC; CM agar medium
Incubate in dark at 27 °C Jacetosyringone

)

Inhibit 4grobacterium growth; EC agar medium \ . ! & o N i Gloougllml Il
Transfer EC onto solid medium e + 400 mg I — % : N X
Incubate in dark at 27 °C cefotaxime Gooaned peyssteyalls c on - Bara - N '-“; : H:50 Ug/ml.
Selection: EC agar medium
Subcultu EC T lecti + 200 Tt
mcc;:ufxlllmgf)(hly_.ollx]m(:\%ii:ci:? I11611 cefomxi:::s + 50 ’m‘
light/8h dark at 28 °C mg 17! Basta
Devel il £ %3 L Sonkd
1t LS. N .
Subcultare s lm{’cf‘iﬁ solid | RIMmedium || 4-6 months | Comparison between transgenic plants and
[nedu 1 test tube . R
Wahwtra Pt Tuwwternd Ertegesc nl untransformed plant after application of Basta
pont pellet —— 3.6 months | ¥ Selection and regeneration of Basta® resistant oil solution with different concentrations

palm plants.

Izawati et al (2009). J. Oil Palm Res. 21: 643-652.
Izawati et al (2012) Methods and Protocols Humana Press.177-188.

/7 - | o
%e Optimal Protocol
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Optimum Protoplast Isolation
From Oil Palm Suspensmn Culture «enzsolvr:

& 2% (v/v) Celluclast, 1% (v/v) Pextinex
g 3XL, 0.1% (w/v) Pectolyase Y23, 0.5%
ﬂ e (w/v) Cellulase onuzuka R10, 3% KCl,
Tt 0.5% CaCl,.2H,0, 3.6% D-Mannitol

Oil palm filtration through a Callus on *Washing Solution:
suspension culture 300-pm nylon mesh solid medium 3% KCl, 0.5% CaCl,.2H,0, 3.6% D-

Mannitol

epH solution: 5.6

eIncubation time: 14 hours
eIncubation temperature: 26°C
eFiltration: 22um (miracloth)
eCentrifugation

Speed: 100xg

Temperature: 22°C

Time: 5 minutes

incubated in dark at 26°C for 14 h

-

Digestion mixture is
filtered through a

11! Yield of 1.14 x 106 / ml

Complete »digestion is double layer of - m——
. ! Clean and vital - il [ YART]
corr:zlirrped under miracloth protoplasts are observed with viability of 82% I!!
under microscope Sl
Masani et al (2013) Plant Sci. 210:118-127. . 023 gl
Masani et al (2022) Methods Mol Biol. 2022;2464:187-202. £0S R0 SRuiEiRsh e e | COpu T
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Plant Regeneration of O|I Palm Protoplasts

~2 years

10-12 mth

Masani et al (2013) Plant Sci. 210:118-127.

Masani et al (2022) Methods Mol Biol. 2022;2464:187-202. 26-30 September, 202 | C¢
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DNA microinjection of oil palm protoplasts

Platform and Injection Time

Alglnate Iayer

/\

4—_—\

Platform: Alginate

layer
Injection time: 3 days

35°%.

« Curve shape-limit movement of needle

« Light brown-Difficult to identify protoplast

« Agarose particle-clogge the needle tips . flat shape-facilitate injection
« only 5-10 cells/h .

Transparent-easy to identify
protoplast

« No heat stress-maintain vitality
« 50-100 cells/h

« Dissolve in Sodium acetate

Heat stress (~45°C)-reduce vitality

Cell wall development

2 3-4 days ideal time for injection
Masani et al (2014) PLoS ONE 9(5): €96831 26 - 30 September. 2022 | Colll
Masani et al (2022) Methods Mol Biol. 2022;2464:187-202. : :
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DNA Microinjection of Oil Palm Protoplasts: Optimal

Microijection Protocol
workstation
Development of microcalli
expressing GFP

Brngit GFP

Alginate layer

Efficiency (%o)

Cytoplasmic injection

Microcolony

~9 months

QA

Masani et al (2014) PLoS ONE 9(5): e96831
Masani et al (2022) Methods Mol Biol. 2022:2464:187-202.




(; XX o I L PALM THE TRANSFORMATIVE POWER OF OIL PALM

~// International Conference

PEG-mediated Transfection of Oil Palm Protoplasts

Transfection efficiency
4-20%

Masani et al (2014) PLoS ONE 9(5): e96831 7 A\aand
Masani et al (2022) Methods Mol Biol. 2022;2464:187-202. 26 -30 September, 2022 | ColAR
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Oil Palm is Recalcitrant to Genetic Manipulation

o e // Agrobacterium (0.7%)
DNA-Mlcromjectlon (v14%) Biolistic (~1%) Ay Masli et al, 2009
Masam etal, ZOM Parveez 1998 ;
PEG-mediated ' K § s vild
transformation | ( i
(~20%)

Ay Low transformation
RS T R TN cfficiency

Embryogenic
Calli

Masani et al., 2014‘

Parveez et al (2015) Plant Cell Rep. 34:533-543.
Masura et al (2017) J. Oil Palm Res. 29(4):469-486.
Masani, et (2018). Biocatal. Agric. Biotechnol. 15:335-347
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Fine Tune: Oil Palm Transformation Methods

Biolistics-mediated transformation- optimization
In progress.

Agrobacterium-mediated transformation-
optimization in progress

Protoplast isolation from leaf and mesocarp
tissues

: ‘
%ede"a'mé‘o o 26 - 30 September, 2022 | CRNNNE
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Fine Tune Biolistic Parameters

»  Optimization of some parameters for stable transformation have been determined.
» The study for others parameters are still ongoing.

Distance Helium pressure
Distance from stopping plate . . .
to tissue from Helium g’
- stopping pressure i0
i screen to 1100psi NS
z tissue 5
s 7.5¢cm : i ﬁ
£ 9 ]
20 ol - o mm
% 0 < 1550psi  1350psi  1100psi 900 psi 650 psi
§ Gem 15¢em 9em 10.5¢m 12¢m ) _
= Distance (cm) Helium pressure (psi)

Figure 5. Effects of distance from stopping plate to Figure 3. Effects of helium pressure on transformation
tissue on transformation and regeneration of oil palm _ and regeneration of oil palm transformant. Data
transformant. Data presented is the mean of five Number of presented is the mean of five replicates.

P \ ;
replicates quan ti ty bombardment
2 g 1X

DNA quantity per bombardment

;ﬁi o

0.5ug lug 1.25pg  15u8  1L75mg 2ug

Number of bombardment

Average number of transgenic shoot
]

Number of bombardment

Average number of transgenic shoot

1X 2X 3x

Figure 7. Effects of DNA quantity per bombardment on Number of bombardment

transformation and regeneration of oil palm
~ transformant. Each value is the means of five replicates.
AL TRNRNUITIAL JL ) Wi\ faninalma

Nurfahisza et al. (2020) J. Oil Palm Res. 32(4):696-704.

Figure 6. Effects of bombardment number on
s transformation and regeneration of oil palm transformant. ; !
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Fine Tune Agrobacterium Parameters

num b er Of G F P procedure protocol
Plant materials 8-mthold calli  Age of calli:
S pOtS preparation 56,7,8910
= Phenotype of calli Opt|ma| para meters

Yellowish, light-yellowish, brownish, blackish

Identified for increasing

Callipretreatment ~ Bombardment  Physical injury: hombardment, sonication,

non-treated Agrobacterium-transformation

-1 :
Preculture media: R =R
efficiency

MSB, L-1, Y3A
Agrobacterium Strain;
preparation EHAL0S  aGL-1, EHAL05, GV3101, LBAG404

S— 00 Bacterial growth phase:
' 0.1,03,050709 11 .
. o Infection
0hour Virulence activation: parameter;
0, 6hrs, 12hrs, 24hrs Bacteria density,

inoculation & co-

200 uM AS concentration: L
cultivation

0,50, 100, 200, 300 & 400 pM

Agrobacterium 05 Density;
infection 01,03,05,07,09,11
wy ey ey Bedy Wndy S . Selection and
L hour TG Agrobocterium Tran_ltf_-'._'-.rmat!c-n regeneration
strains efficiency
15,30, 45,60, 120 and 240 hours procedurs
Ti-plasmd Co-cultivation 3days Co-cultivation period:

1,2,3,4,5,6,7 days
Co-cultivation temperature:

2C@28C 26 - 30 September, 2022 | Ca

Agrobactenum cell
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Protoplast Isolation From Oil Palm
In Vitro Leaf and Mesocarp
Invitro leaf

_/\ e T ] 0
T e B SRy
) b A

Brightfield Fluorescent Merge

3.98 x 106 protoplasts with 85%
viability -
26 - 30 September, 2022 | C

2.5 x 106 cells protoplast with more than 90%

viability
Fizree et al (2021) Sci. Horti. 290:110522
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Selection Agents

v’ Basta/ Biolaphos / Glufosinate ammonium
v' Hygromycin

v 2-Deoxyglucose (2-DOG)

v' Mannose (PMI)

v' Green Fluorescence Protein (GFP)

I\/ Red Fluorescence Protein (RFP)
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Evaluation On The Effectiveness of Bar Gene-based
Selection Agents For Oil Palm Transformation

BASTA BIALAPHOS GLUFOSINATE AMMONIUM (GA)

Embryogenic calli Embryogenic calli Embrvogenic calli

115134

| | 144

|
|
i pralificra
g
'/
II|I
e

Blalaphos Blalaphos

Embryoid

e profifenstion

10 mg/I of Basta, 3 mg/I of bialaphos and GA for selection of transformed calli. o
20mg/l Basta, 5Smg/l of Biolaphos and GA for selection of embryoid. PR

sV - ww ocuic 1iver, 2022 CO
Nurfahisza et al. (2016) J. Oil Palm Res. 28(3):247-255 ¥ |
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Minimal Inhibitory Concentration of Hygromycin For
Selecting Transformed Oil Palm Embryogenic Calli

»  Fine, yellowish and whitish calli- 5-6
mg/L Hygromycin

»  Suspension calli-10 mg/L hygromycin

Suspension calli Fine calli | Yellowish calli Whitish calli
f // ) - : ., & ;’: v T = > - —
Four types of oil palm calli used in this study. A: suspension ~ Fa ,jf"“\ 3% & WA
calli; B: fine calli; C: yellowish calli; D: whitish calli (arrow) v 1 '

Suspension calli Imﬂm
1

» To effectively select and regenerate the transformed oil palm

Month

Figure 1. Proliferation percentage of embryog;rr‘wic calli after being embryogenlc Calll the concentration of selection agent USEd

cultured for six months on EC media containing different concentrations

of hygromycin B during the selection should depend on the types ofl

NorFakhrana et al (2019). J. Oil Palm Res. 31(1):14-27 embryogenic calli used
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Genetic Transformation of Oil Palm
Based On Selection With Hygromycin

Foeli] 0TI ‘

Friable calli  were
bombarded with hpt
and gfp genes

- , = . God - Selection on 10mg/L
| Hygromycin for calli,
| embryoid
bombardment Z weelks afier Bombardment Non borbaracd BC Transgenes confirmed
y ‘ ~ by GFP and PCR

wi 12 3468 7 Anl0

i
-
-
_5_

A B Bombwided calli at elight month b 1O tegdl hygromnyeln selection: C: al Beee month in S mgd hygrorycin alles FCR analyeiz using Hygecre prizvers FCR analyels using Hptl primers
nire months in 10 mg] hygromyein select:on; D: nen-bambarded ealli in selaction medium and E: non-hambarded {~E00bo). Five cut of ten samples obtained  {~1000bp). Bands obtained from sample
calli en EC nmedlum withoult selection., band, fram sampla numbar 3. 4,4 8 and &. narhar £, 7 and 9.

Bahariah et al (2017). J. Oil Palm Res. 29:180-188
Bahariah, et al (2021). J. Oil Palm Res. 33(4):577-587




(& XX o I L PALM THE TRANSFORMATIVE POWER OF OIL PALM

International Conference

2-Deoxyglucose-6-phosphate phosphatase
MICBoG  (DOGR1) Gene As a Selectable Marker for

Oil Palm
: » Agrobacterium-mediated transformation-pBIDOG/LBA4404
P o o o e e «  Selection on 400mg/L DOG
Nps OV » Transgenic plants produced
R B Transgene confirmed by PCR and Southern blot analyses
p e 0 o - —

o CC

1650 b

1000 bp —=_p,.

500 bp

Agrobacterium-mediated Izawati et al (2012) J. Oil Palm Res. 24:1296-1302
transformation protocol Izawati et al (2015). Front. Plant Sci. 6:727.
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Phosphomannose Isomerase, A Novel
Selectable I\/Iarker For Qil Palm Transformation

PCR ANALYSIS

M12 3 456 78 9 101112131415 U U

8.0 kb
20kb

1.0 kio —pf
06 ko

M 16 17 18 19 2021

1.1kk

(=l
oo
E
UFVU

Biolistic Transformation of Oil
Palm with PMI Transformation
Vectors

=
oo

=
5&

1.0 kb
0.6 kb

NON NON
TRANSFORMED | [TRANSFORMED

Ai

Eliminated the problem of using negative selection systems, such as
herbicides or antibiotic resistance genes

3% Mannose was used as selection agent

Mannose selection system can be used in oil palm transformation

Comparison of transgenic oil palm plantlets carrying Bahariah et al (2012). Bioinformation 8(3)151-157.

pmi gene on MS media containing 30 g/l mannose.

Ai, Aii) Non-bombarded EC, EC bombarded with Bahariah et al (2012) J. Oil Palm Res. 24:1250-1259

different construct B) pMI3, C) pMI3G, D) pMI11 and

E) pMI11G vector. Bahariah et al (2013). Biocatal. Agric. Biotechnol., 2:295-304.
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Green Fluorescent Protein As A Visual Selection Marker
For Oil Palm Transformation

Regenerated plantlets - regardless of GFP gene, GFP
expression observed only in parts such as root and
leaf
-Stable integration, chimeric

- 3

" =

Embryoids leaf primordia

12 3 45 67 8 9 10

2M 2M AM SZM 6M TM 2N
Time
-

' Southern blot
2 650 bp . .
e ‘T | analysis of putative
‘ GFP transgenic oil
palm plantlets

Failure to visualize GFP is due to the inability of

Stable expression of the GFP gene could be _

monltored up to 8 months after bombardment the gfp gene to express in the regenerated whole
transgenic plants

Majld & Parveez (2007) Asia Pac. J Mol Bio Biotech. 15(1):1-8. B
Parveez & Majid (2018) Ind. Crops Prod. 115: 134 145

Parveez & Majid (2008) J Oil Palm Res. 20: 495-507.
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Evaluation of transient DSRED gene expression in oil palm
embryogenic calli

_— ":;,.u P o s 8 okl . L
S in e : e | TTF :-:._::.
—— T P M D
par 62 Ll ] g = L
.l > ne ‘;’: ( \ :]:' Thays Alles Bormbardmen]
e o~ The CaMV35S: most efficient promoter for driving the
may o g wm o mw expression of DSRED gene in calli
P | —

PILTP Clal

A Brightfield Fluorescent Merged
Seven DsSRED constructs

A C
B
Y ¢ .
F & fl 1 :
¥ 'Y
4 X

¥ v
» ¥ 3

DsRED produced distinct bright signals in comparison
with the pale background in non-transformed samples
A\ = - and showed improved signals retention =

Calli bombarded with DSRED constructs [N -~ . . ' 5110 Sci Ho
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Gene Construct For Transformation

Increasing Oleic Acid

Nl (103
Wl (5 78y A TE HEFMAR oo
_ RETAAR BAR MSP1 gusar
- Sy pEmci LB s KASIH TR MSE Mes TR | Mos ColE| eni

METL oHssn-10

St 1 (- 4 | - iy oy |- e

2 FASE Synthase 1

RETMAR
HEEEE =16 AL ] M- '.l-_'__....__*.f—"‘.‘t:'l-\.l:'l' -

kol {5 TE o] (14345
7C3 = o - RETMAR  asi BAR  APAT  5AD A
A . {’Ft“:l;llf-' T pEmen LB MSP1 o Mo HEiPED P-'GPI HI.:-'EF Hos NPMT:
5 . LT I o e [
160 (1K C1R:1 CXleic Acid RETMaR o (ISTIE
Fralmitie Acid Stearic Acid ..so.u.m AR azERT  MSP1 aap MEP1 e qu. AwDD ColEl on 19 P
Hos Ubifre RE HET1 —
pPHEET11
tl-bhm-—bl»-H—H-H-b-H - .
-
; . Ascd (6100 Avcd {T216) “L
| B-ketoacyt-ACE, 2 LE RETMAR ‘
, - i BAR '-..1591 AsSAD Calgl oni .
€2 FAS T Sospaefise 1. Y y pSacr  RETMAR Ubifro MHos Nos i NF"T' pHS4E-10 N
+EEEE 1) ACH WS - ARSI 1-AC »| -—m |mp-gm— 1156
HE
g Stearapt AL eayl- AP
i Flripesterusy Thdesrerase el (T312)
S L L Aol (2714) ARSAD AsPAT  RETMAR .
TR CI8:0 CIR:1 Dleie Acid Le I umpmmu Msp  Mog. Nos - B ‘3°‘E'H'='”
Palmitic Adcid Stearic Aeicd pSa O s FTI pHS48.1

| o)) ) on) -4 m) )| -u— 2

Masani, et (2018). Biocatal. Agric. Biotechnol. 15: 335-347
Masani et al. (2009) Plasmid 62(3):191-200.

Masani and Parveez (2008) Electron. J. Biotechnol. Vol.11, No.3
Yunus et al (2008) J. Oil Palm Res. (2):37-55.

September, 201
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Gene Construct For Transformation

Increasmg Palmitoleic Acid

Palmitoleic Ac
Cli:l
dm'ﬂ*!ra.-.-e- i Stearayl-ACP
Cl FASE BAS 1 Desaturase
IS EEACPE RN = 15:0-ACF EEEE-3C18:1-ACP
TC3 | [
PaimitoplACP 1 MNeoyl-ACE
Thinesterase j e Thivesterase
* L
Cli:0 C18:0 C18:1 Oleic Acid
Palmitic Acid Stearic Acid
5 Lod | Bl

Antiscnss

Synthesis Ricinoleic Acid

SNtearoyi-4CF
C2 FAN S KAS T Pesaturase
+mmm 3 1G0-ACT =18 0-ACP SO 18:1-ACT
T3 [ ] |
Peafm f.i'ﬂ_l"f."' P TFe AL (u - AP
Thicesterase Thigestevase hiigevterae
+
i C 1820 1 S lgilEiephcid
Pulmitic Acid Stearic Acid
- Selse
Antiscnsc
12-00H, T8:1
Ricinolcic Acid

Masani, et (2018). Biocatal. Agric. Biotechnol. 15: 335-347
Masani et al. (2009) Plasmid 62(3):191-200.

Masani and Parveez (2008) Electron. J. Biotechnol. Vol.11, No.3
Yunus et al (2008) J. Oil Palm Res. (2):37-55.
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Gene Construct For Transformation

Acety-CoA Pr l'rpiﬂm'l -Co. ‘l.

Acetoac EhJ COA e 3-ketovaleryl-( |IL

|]I B- [|'|||t||1 i

B Hiydrory Lketobutyrate
hul_ml._, A valeryl-CoA

Polvhydroxy Polvhydroxy butyrate-co-
butyrate (PHB) = hydroxyvalerate PHBY) threonine

Pathway for the biosynthesis of PHB and PHBY

Gene constructs for targeted traits: completed
Constitutive, tissue specific promoters

Masani, et (2018). Biocatal. Agric. Biotechnol. 15: 335-347
Masani et al. (2009) Plasmid 62(3):191-200.

Masani and Parveez (2008) Electron. J. Biotechnol. Vol.11, No.3
Yunus et al (2008) J. Oil Palm Res. (2):37-55.

26 - 30 September, 2022 | Carta Al
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\ ) ) 3 “;-;-" . ; r = _", 3 v f;l.' i

e ' 1 v. . : 5 g~ X ‘ « AT '—.
Subculture of
Preparation of gold- Preparation of callus for
%NA mlxtUI% pbomba,dment Bombardment bombarded callus on
selection media

OIL PALM GENETIC TRANSFORMATION
VIA PARTICLE BOMBARDMENT

'. Y a ) \ . 3 i e o T ) '.' Gy A '.\; |‘ ‘; ' y ‘ . o g - , ' L A e N
1 Transgenic oil palm in : Transgenic oil palm in = e : ,
screenhouse at screenhouse at MPOB T ansg?gr:%gltl palm Se'iﬁgﬁgfg,frﬁgf,?t've
MPOB Keratong HQ P

Parveez GKA (2008) Advanced Protocols for Oxidative Stress 1, Humana Press, 301-320 .+ 2092 | Cartd néi@oza as 0
Parveez and Bahariah (2012) Methods and Protocols, Humana Press.163-175 _ma 30

V
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High Oleic Transgenic Oil Palm

1 SLW S S S S S EE T e

RT-PCR for palmitoyl ACP thioesterase gene

Parveez et al (2015) Plant Cell Rep. 34:533-543.

® Sense

Antiser

Composition (%) of Fatty Acid IN Oil Palm Samples (Polyembryogenic)
C14.0 | C16:0 Cl16:1 C18:.0 | C18:1 | C18:2 C18:3
Myristic | Palmitic | Palmitoleic| Stearic | Oleic | Linoleic | Linolenic | Total
Control |  0.78]  62.00 205| 557 2488 407 0.65| 100.00
10 samples
TE3-2 0.97 28.59 0.18 9.31 27.67 25.28 8.00] 100.00
TE3-3 0.37 29.41 0.36 10.38 25.36 25.84 8.28| 100.00
TE3-7 0.48 30.17 0.22 8.53 29.46 24.34 6.80| 100.00
TE3-9 0.75| 33.34 0.00] 13.69| 22.77] 23.09 6.36] 100.00
TE3-16 0.31] 31.05 0.35 9.24] 22.05] 29.05 7.95| 100.00
TE3-18 0.75 34.59 0.18 7.51 18.19 31.52 7.26/ 100.00
TE4-6 0.80] 38.90 0.00] 19.75] 16.93] 19.91 3.71] 100.00
TE4-8 0.61] 29.85 0.00) 14.71] 30.03] 2155 3.25| 100.00
NEIE IR A
S EEEEEEEE R T~
5 927 C2 FAST Synthase 11 '
S 03 - +EEEED16: o-ACPII.-)Cls 0-AC
S 7C3
3 0.4 4 L Slearo.)l- ACP j’ Oleoyl-ACP
S -0.5 - Thioesterase Thioesterase
“ o6 L . * %
'16: "18: "18:1 Oleic Acid
0.7 A O PAT 1 Pal;ilt?coAcid Ste-:rli: .gcid R
-0.8
Samples

1Se
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Transgenic Oil Palm Synthesizing PHB

A ;
ST it 308
b
Acetoncet i CoAa
Blhdau!lnlu 1L e
> ' -
f'fﬁl‘«?j’f sz & & =z =
e o o = SN 2=
Polyhydrexybutyr ot run »
Sampke
FIGURE 6 | Expression of DATE, phal, and phaC genes In transgenic FIGURE 9 | A of PHB gr in loaf surfaco of
ol paim determined by real-time PCR analysis. T roproserts he transformants number TE7 - 27W-TE1 28 (B), and TET- a(c)w
rEarstrned of pars ety :!;hmﬂ’ﬂobuk. y PHE grarnde was obaarvad 10f Lurtrane
Y CROTONIC ACID-Standard PHB-Standard
I / -
H ) |
- - Mature
g, S SRy -l transgenic
N Of paim - Negasw - | O paim - Positive palms
4 i) (PHB)
- = ) Jl
g T BRSEEEY BRGNS
Detection of PHB in the form of crotonic
acid by HPLC.
Malw;:eomu lmww Foee
et bodorn bormbardrre arsiorrart Gl sundang On soodion mode - -y .
1 S ket sk, o @ ot Parveez et al. (2007). Conference on Plantation Commodities. Pp 93-102.
Parveez et al., 2008; J Oil Palm Res 2: 76-86. =g

ﬁedepalmaé,oagcenlpalma Parveez et al. (2015). Front. Plant Sci. 6:598.




(d XX O I L PALM THE TRANSFORMATIVE POWER OF OIL PALM

International Conference

Ganoderma Resistant Transgenic Oil Palm

Control Infected

A) Infected paln
Mt ou il

¢ SCSbp
Schematic diagram of pZ100 (A) and
pAHC25 (B) plasmids.

PCR amplification of AGLU1 (A)
and RCH10 (B) genes

oAGLUY lR'.'thI

Normalized expression level

o \\\«\\,

& S S

@ye‘@éx("fﬁfﬁf

Relatlve expression level of AGLU1 and RCH10
genes in transgenic oil palms

Selectlon and regeneration of Basta®

resistant oil palm plants. Comparison of infected palm from Ganoderma-challenged

bioassay i
Hanin et al.(2020) Ind. Crops and Prod., 144. £6-30 September, clce | Cort "mw“ %

e
ey,
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Status of Transgenic Oil Palm

Constitutive Tissue-specific

Oleic v
Bioplastics
Stearic
Ricinoleic
Palmitoleic
Fungal
Insect
Lycopene

Ganoderma
R P B rsia

Parveez et al (2012) American Oil Chemists Society Press. 87-135.
Parveez et al (2011) Further Advances Oil Palm Research (2000-2010) pp.141-201.
Parveez et al (2010) In Biocatalysis and Molecular Engineering John Wiley & Sons. 67-81
Parveez et al (2015) Plant Cell Rep. 34:533-543.

Masani et al (2018) Biocatal. Agric. Biotechnol., 15: 335-347.
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Milestones in Annual

Milestones in Plant Transformation

Crops Transformation

Era of Genome editing

Milestones in
Oil Palm
Transformation

Era of Genome

Parveez et 2000; Parveez, 2003; Parveez et 2012; Parveez et al.,2015;

Modified Fredy Altpeter et al. Plant Cell 2016;28:1510-1520
Masura et al; 2017; Masani et al;2018
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Opportunities CRISPR

Genome Editing Technology For Oil Palm

In OIL PALM, the need to produce crops

& Fatty acid
%\ composition
u (High oleic)

Low lipase

Height
(Dwarf)

Diseases/Pests
resistance

Fruit color
(Virescens)

Oil palm genome sequences was published in 2013 (1.8 GB)
' fedepalma QU cenipalma

Benefits for consumers, farmers and
industry:.
Increases versatility of the crop in
industrial applications.
Diversify Malaysian palm oil exports
to every market destination, eg.
Temperate countries.
Increase ease of FFB harvesting due
to the dwarfness
Increase economic lifespan due to
slow increment
Lower the labor intensity (fewer
workers needed)
To facilitate mechanization of the
harvest
Increase labour productivity
Maximise land use
Improve yields and Increased FFB
production
Improve palm oil sustainability

Parveez (2021) Qils and Fats International Congress '23
Masani et al. (2021) The Planter, Vol. 97, No. 1141

FA

At
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Genome Editing of Oil Palm (High Oleic Acid)

Bsal Bsal

PB-L Miu | T T2
Senray-ACP GA-R
Biosatics ﬁmﬁw_mﬂma:ﬁm: EgFAD
€2 Fast _ Smehasell . CA-L LacZ m

+ m— | C16:0 ACP -| CIB0ACP e | C18:1 ACP

smrwl ACF Oleayt ACP
Vhioustese Theowituran / Bsal Bsal

€160 _ |GAR
Palmitic acid smmdu R LIS 0s ) o [ = EgPAT
' PB-R
m \
h PB L&ﬁ'| | 1K W ™
ey 11 T GAR
. wiil EgFAD2+EgPAT
3 PBR
Selection of sgRNA Target Sequence
EGFAD2 EgPAT Bsal Bsa
NLS NLS (B-L) (B-R) RB
* Omega-6 fatty acid * Palmitoyl-acyl carrier Cas9p I Thos
desaturase, endoplasmic protein thioesterase,
reticulum isozyme 2-like, Chlo’oplastic pYLCRISPRICaSQPubI-H (16419bp)
* EgFAD2-1 * Also known EgFATB-3
¢ Chromosome 8 * Chromosome 3 (T3) TissLB
* Two target gRNA (T1, T2) * Chromosome 7 (T4) 2xPyss HPT Kan®R pBR322 ori pVS1 replicon

Bahariah et al (2021) Genomics and Gene Editing Congress
Bahariah et al (2021) J. Genet. Eng. Biotechnol. 19(1):86.

26 - 30 September, 20
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Genome Editing of Oil Palm (Virescens)

T T I i i e S CERS (Nir) Gene: R2R3-MYB Transcription factor

| o s |
! rded e L)

473 bp 1,261 bp

~OvVe ®

|

WILD |8 '; ________________________
TYPE | .\(&Gam T EE AN LR R G EGLODALKT

Edit to initiate a premature stop
codon

Singh et al. (2013) Nature. 2013 Aug 15;500(7462):335-339 5 \a
Singh et al (2013) Nature. 2013 Aug 15;500(7462):340-344 26 - 30 September, 2022 | Cartouiieg
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Biosafetx Act 2007 SACT 6782

« Any new GMOs/LMOs intended for cultivation, contained use, field trials, and consumption must
be approved by the National Biosafety Board (NBB) on the advice of the Genetic Modification
Advisory Committee (GMAC). Applicants are required to submit their applications to the
Department of Biosafety

Earlier you mentioned o law that

i BIOSAFETY GUIDELINES el i syl
A ;.]r;.}‘ CONTAlNED USE ACT|V|TY OF ) and i1 is proven to be safe. What is

this low about? Are there lows
LIVING MODIFIED ORGANISM L Are ek
the environment?
UNDANG-UNDANG
MALAYSIA

IMANCD ST OND ALTIYOON

LAWS OF MALAYSIA

Yes, we have the Biosafety Act that
has been in force since 2009, Malaysia
reccgnizes that modern biotechrology
has great potential in food, agriculture,
pharmaeceuticals and industriol sectors.
Measures are also in place to minimise
the risks of this technology to human

and the eavironment.

JBK biosafety Kit

http.//www.biosafety.gov.my/
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Notification Process
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Transgenlc O|I Palm Plantlets In The Biosafety Nursery

'1 o T

 Constructed for evaluation of
transgenes
@ - Stainless steel mesh size 30
I8 - Automatic water irrigation system

26-30 September 2022 ICcrt "’i\g"” as ?*%
S B
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Mature Transgenic Oil Palm In The Biosafety Screenhouse

Specification: Biosafety Act 2007

Constructed for large scale evaluation of
transgenic oil palms

Size 100m x 120m (1.2 ha)

Concrete structure 1m above and below
ground

Outer layer stainless steel mesh size 30

e | c water Inner layer nylon mesh size 50
irrigation system 7

'Weather =
-monitoring

CCTV

ﬁétedepalma 3 cenipaima 26 - 30 September, 2022 | Ca ” |as?‘
R 6 0
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Pollen and
fruits are
allowed to
mature in
closed
bags.

Transgenic male flower a in bag

)\

» Grass were allowed
to grow on the soil.

* No bar gene
fragments amplified
from the grass
samples

* No bar gene
fragment amplified

Only shows resistance to herbicide glufosinate ammonium | R R | from the bacterial

(Basta) and not to other herbicides such as glyphosate LS VS SR N samples isolated

(Spark), paraquat (Gramoxone), 2,4D and pyridyloxyl- from soils

phenoxy propionic ester (Fusilade). P o y s
() Tedepaimat 2\ | & cenipalma "’iﬂm as
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Conclusion

d Improvements of transformation methods are being carried— looking for

the most effective: escape free and high efficiency

O Target tissue : the most effective and easy to obtain in large quantity and

handle
 Selection agent: most effective, easy and escape free

O Fertile transgenic oil palms produced and grown in biosafety

screenhouse-strictly regulated by Biosafety Act

 Genomic editing in oil palm initiated

@féfedepalmaé,o | %cenlpalma
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PIPOC 2023
MPOEB International Palm Oil
Congress and Exhibition

* Navigating Uncertainties
Building Resilience

-9 NOVEMEBER 2023
Kuala Lumpesr Convention Centre



(_O XX o“‘ P ALM THE TRANSFORMATIVE POWER OF OIL PALM

International Conference

|§;ﬂ{,l MPOB TV
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