Improvement of Palm Oil Through Breeding
and Biotechnology!

B.S. Jalani*, S.C. Cheah, N. Rajanaidu, and A. Darus

Falm Ol Rescase b Instilute of Malaysia, 30720 Kuala Lumpar, Malaysia

ABSTRACT: The oil palm Hacls guineensis is the highest oil-
vielding crop and has the potential to become the major sup-
plier of both edible ol and renewable industrial feedstock. The
ol yield from wild groves is presently less than 0.5 Yhady, How-
ever, through breeding and selection, the oil vield of commer-
cial plantations could reach as much as 8 tYhady. Noew plaming
materials also have the capahbility of better oil yields with high
iodine value (IV1, slow height increment, and larger kernels. The
oil alse contains considerable amounts of carolenaids (300 700
pp, vitamin £ (600-1000 ppr), and sterols 1250-620 ppm.
The oil vield ol another oil palm species, £, ofeffera, s approxi:
mately 0.5 vhasy with high contents of carotencids (7000 1500
ppmi, vitamin £ 700-1500 ppmi, and sterols 13500 4000
ppm). The above traits could be improved through breeding and
biotechnology. Biotechnological efforts at the Palm Ot Institute
of Malaysia are directed toward the production of oil with high
IV and high monounsaturated fatty acids for edible purposes
and industrial uses. Isolation and manipulation of the genes in-
volved in the biosynthesis of fatty acids are the main focus, The
aim is to increase the efficiency of conversion of palmilate
LGt o oleate 1C, 40 Levels of palmitate and oleate are con-
trolled by the enzymes acyl-acyl carrier protein (AU
thioesterase and B-keto acyl ACP synthase 1. The chain termi-
natfon reactions of C, ., and C,,. | are independent, Thus paving
the way tor the possihility of reducing palmitale levels by
switching off the palmitoyl ACP thioesterase genc.
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The center of origin and diversity of oil palm (Efaeis guineen-
sis Joeq.) is West Africa. and it has spread to most parts of the
tropical and subtropical zones of the world. For example, lour
palms were planted in Bogor. Indonesin. in 1848, The sceds
of these four palms became the base of oil palm expansion in
Southeast Asia, including Malaysia, which now accounts for
about 526 of the world’s palm oil production.

Another species, £ ofeifera, originates ia Central and
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Latin America. stretching from Guatemala and Honduras in
the north to Brazil in the east and Colombia and Ecuador in
the west. This species was recently introduced into other parts
ol the world, including Malaysia, (o broaden the genctic base
of oil palm ane also o exploit its potential, This species nor-
mally grows wild. wiel only a small area is planted for com-
mercial exploitation. However. this species possesses o num-
ber of desivable traits, such as slow yearly height increment,
high todine value (1V), and olerance 10 some pests and dis-
cases that allect £, gnineensis.

The oil palm. especially F. guineensis. has gone through
several cycles of improvement throughout the palm oil-pro-
ducing countries. Conventional breeding inethods have been
the main ool with great success, However. with the rapid ad-
vancement of molecular applications in plant hreeding. strate-
gies have been formulated at the Palm Ol Rescarch [nstitute
al Malaysia (PORIM) o incorparate some of these new tech-
nigues into the oil palm improvement programs. This paper
will deseribe the improvement of oil palim through conven
tional methods and ulso the apptication of genetic engineer-
ing in breeding programs.

OIll PALM BREEDING

Improvement of . guineensis, The main emphasis of oil palm
improvement is toward higher oll yicld, and significant
progress has been reported over the last lew decades. How-
cver lately. several other traits, such as high [V, high kernel
content. slow yaarly height increment, resistance (o pests and
diseases, and minor components {(carolenoids, vitamin F,
sterol, ete.) have received attention from the breeders. The oil
paim yield in the wild groves ol Alrica is low, averaging .2
t/haty (1} 1o 0.8 thaty [rom improved natural groves (2),
Palms in the witd groves do not have the best environment for
growih. These groves are either wo dense or scattered and are
not well fertilized and maintained.

Domestication ol 01l palm has led to its improvement. es-
pecially through breeding. The first step of genetic inprove-
ment was bascd on the discovery of shell thickness inheritance
i oil pulm (3). When the homozygous domimnt. thick-shelled
dura (sit* sh™) was crossed with homozygous recessive shell-
less, pisiferc (sh™ sh7)a 100% helerozygous fenera (sh™ sh™y
was produced. which is thin-shelied. Since 1960, all commer-
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TABLE 1
Average Bunch Composition (%)
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TABLE 3
Yield Performance of Oil Palm Planting Materials (Refs. 5-7)2

Comprinents DinaiSh™ sho Tenera oSh™ shee

Fruntdwnch ) tall
Muosocarprdruit Bl B0
Shelirait H) 11
Fasrime it I 101
Oiliwet mesacar Sl Rt
Oiltbunch [§] 2id

ciatl plantings throughout the world are hased on tenera plant-
ing materinl, Table | shows the improvement of renera oil
yield us compared 1o deera. This 3s o classical case of exploita-
ton of asingle gene by which the yield wis increased by more
than 30%. Belore the discovery of renera. the growers Jargely
planted dirrg materials. With the development of renera, oil
patm breeding methods have been reviewed, mainly empha-
sizing combinations of dira and pisifera 1o give high-yiclding
tereras. Inoil palm breeding, diserete populations of durg and
pisifera Tor breeding und scelection are maintained concur-
rently to upgrade these populations.

The oil palny FFB (fresh Fruit bunchy yield of Deli divra
poputations increased from 7.9 vhaty in 1878 10 26.9 Yhu/y
in 1969, a rate of 2 kg/paln/y, due w selection progress (Table
2y At the same time. the imcrease of oil vield was (Tom 3.1
tfhafy in 1878 1o 3.0 tha/y In 1969 (4). With one generation
of mass selection. selection progress of 235 and 19.4% was
achieved for FFB und oil yicld, respectively (4). Subsequent
improvements ol 26.3 and 35, 1% for FEB and oil vield were
achieved with OPRS Reli dire in comparison 1o the first gen-
cration of sclection. This represents average selections of 8.8
and 11.7 per generation, respectively (4). Using these im-
proved Deti dvera and also pisifera selections, the production
ol high-yielding tenera (dura x pisiferay as commercial plant-
ing materials has been the major emphasis of breeding and
selection, especially by the seed producers und research insti-
tutions. Table 3 shows the performance of various renera
planting materials trom 1962 to 1988 (5-7). The oil vicld in-
creased from an average ol 3.0 o 9.6 thafy, representing an
increase of 93.2% and a yearly increase of 3.6% or 0.2 Uhaty.
The performance of the above malerials was based on the
Deli duera that originated from the four Bogor palms planted
in 1848, This meuans that they buve a narrow genetic busc.

Nurnber Projected
Year oF FF8  Gillbunch il yield
Materials' planted  progenics itdhai "Vl ithady
0D = (I 14362 32 230 233 4.9
DD < LIAC 1962 15 240 20hh 3.1
DD« 5P 1962 fr 211 230 4.4
LI AVROIS 19564 12 ERNE! 7.3
DD = AVROS 1908 ih BRI [
10 =« AVROS 1970 24 i1h 7h
D0 < AVROS 10974 5 315 8.9
DD x Dy-AVROS 1974 1 343 b
DD = Yangambi 19485 G 3.9 Y.h

e Tabdes 2 Tor abdseeciation,
Iy . . .
CErogemes ub crosses indicated in thas column,

There seemed 1o be a low level of additive variation leftin
the Deli dure after several generations ol selection. and most
of the genetic varizbility present was nonadditive (8). Selee-
tion progress in subsequent generations will be low unless ge-
netic variability is increased through crossing with other dura
populations (6).

In view of the above problems, germplasm collections
were made at s center of origin and diversity in Africa.
These materials were evaluated, and selections were carried
out in various populations for traits such as high yield. high
IV. dwarlness. and pest, disease and abiotic stress resistance.
One of the populations from the earlier prospected germplasm
materials has been shown o be of great potential for tuture
breeding and selection. This population gives vil vields rang-
ing from 10.4 1o 12.2 vhaty (Table 43, The selected elite ma-
teriafs have been distributed 1o the ot palm industry of
Malaysii, This will not only hroaden the genetic hase of (he
breeding population but alse increase the palm oil yield with
high 1V,

Lauric oils arc a good source of feedstock for the oleo-
chemical industry. With the decline in coconut oil firaditional
source ) production, palm kernel oil has replaced the former.,
[t is profituble to have high kernel vil-producing palms. and
there is much genetic variability within the £, girineensis pop-
ulation for lurge kerels (9),

A host ol specialty oils cuan now be seriously considered.
with the possibility of reduced development time by using the

TABLE 2
Selection Progress in Deli Dura Populations (Refs. 4,507 TABLE 4
FER vield  Oilbunch Oil vield  High-Yielding and Dwarf Nigerian Tenera Palins in POREM?
Progeny Year QUIREN 103 thatyl Trial Cnl vield Qil vield Ileight increment
L numbier Family ikgipalmiv twhadvi icmiv)

I Bogpoe

funselec e 1874 17.1 17.3 il 0,144 287 3.3 132 2301
Tj Marawa 0,144 iv.11 754 11.2 .3

wnselecteeds 1385 I6.6 185 31 (1,144 13.005 T3 11.4 24.0
Elmima 150 16.21 704 0.4 145

st generation) H33 214 17.4 3.7 0150 1913 7l 10.6 225
RS

Pird=Hi generations: 964 269 16,4 3.0} Average commercial plantation 5.50 60.0

“TEB. frosh fent bunwh,

1AOCS, Vol 74, mo, 11 147

TPOREM, Palm O Research Inshituke of SMalaysio.



IMPROVEMENT OF PALM OIL

TABLE S
Fatty Acid Composition (%) of CPQ from Nigerian Germplasm
with High lodine Value (I¥)*
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TABLE 7
Fatty Acid Composition (%) of Qils from Elaeis guincensis, E. oleifera,
and Their Hybrids (Refs. 12-14)

Palm numbier Chan Chie Can LoV s IV
22 A 328 0.5 447 15.3 63.9
38 (5 325 7.9 443 135 Gl1.3
48 0.7 35.4 3.5 430 14.2 f1.4

F25 S X] 153 3.3 421 1h.8 (3.4
b6 05 34 ERE 450 15.5 (.4
131 [ LN 3.4 4.6 4.8 61.2
305 0.4 401 3.1 A7 .5 4.7 1.4
ks .6 3.7 6.7 44,1 13.5 61.2
B4 .5 320 f.f 47 .4 1.3 1.1
G413 .4 E1IN;] 73 463 34 i
9471 0.3 3.2 7.0 4491 2.4 fd 4
1861 1.4 7.0 fr.4 36,2 17.0 B4

PO, crude palm oil.

technigues of cloning, genetic engincering, and marker-us-
sisted selection {10): (1) high-stearic acid oil—for production
of cocoa bulter substitute; (i1} high-carotene oil—for vitanin
A and natural dye production, e.g., for use in instant noodles:
(iii) high-tocopherol/tocotrienol oil—for vitamin E produc-
tion: and (iv} indusirial fatty acids. e.g.. petroselenic acid. eru-
cic acid. and ricinoleic acid lor use in specialty plasties and
lubricants production.

The faty acid composition of palm oil. produced from cur-
rent planting material, limits its share of the market for liguid
and salad oils. Many Nigerian palms have oif (mesocarp) with
1V above 60 (Table 3. With further fractionation of crude
palm oil. the olein should attain an IV close to 70, With this
IV, it would be possible to market palm olein as salad and lig-
uid cooking oil in temperate countries, These palms have
been crossed with the current breeding malterials, and the [V
of the progenies are comparable (Table 6) to the parental val-
ues. indicating that TV is highly inheritable {113

Improvement of E. oletlera. Ot palim breeding efforts have
been largely concentrited on . guineensis, hmprovements
have been achieved as discussed above. However, the possi-
bility of altering the fawty acid composition (Table 7). increas-
ing the IV, slowing yearly height increment. and developing
resistance o certain diseases has brought interest in £
ofeifera. Although ihe commercial oil vield of £, ofeifera is

TABLE &
ladine Values of the Selected Nigerian Parents
and Their Progenies (Ref. 11)

lesclinge Progeny lodine vabue
Paronls vabue code SROGUIRY MEeRNs:
SRR T &1 PR 486 Bl .42
11T ER1 1.4 PK 3491 B B
(31971 4.3 PR 544 £311.78
.131448 B1.4 PR 513 417
131018 1.2 PR 507 £
(1314128 B34 PR 53400013031 f1.50)
Commercial tenera planting material 52,00

Foguineensis ifgr E oleifera oFu Eovx £y hvhid

PO PKO PO PKO PO PKO
(:f::ll § n3 : 0.1 — 02
Cua 43 — (4 — 3.7
Chonn 37 — 0.4 37
Cron 0.3 3001 — 293 44.4
i 1.2 15,4 0.2 15,7 0.3 186
Coon 44.3 7.4 18.7 1001 32.2 8.8
Cre - — 1.6 — 0.2 -

e 4.3 1.8 0.9 1.8 3.2 2.2
i 3 14.5 36.1 204 518 6.3
i 0.0 24 211 1.5 0.8 34
Othirs 0.4 N2 1.0 -3 .4 1.2
Indine value  55.0 4.2 83.0 305 H7.5 2

B, palm ail: FKOL palm kemel oil,
b Nut determinetd.

low. at less than 0.5 Yhafy (Table 8). it has higher carotene
{Tahle 9). vitamin E {tocopherols and tocotricnols) (Table
10y, and steral (Table 113 contents as compared wo £, grineen-
Sis(12-14).

BIOENGINEERING

The luty acid compositions (FAC) of palm oil and palm ker-
nel oil ol £, guineensis (Table 8) render these oils applicable
10 both edible and nonedible uses. However. 1o venture into
new nrarkets, a change in FAC is desirable. The interest in ap-
pi¥ing gene technology to the ol patim is thus Tor the produc-
ton ol oil with a high conteat of imonounsatursted oleic acid.
Such an vil has the polential to open up markets for palm oil
in the liquid oil sector. In addition. oleic acid is uselul as an
industrial feedstock. A muludisciplinary approach bhas been
taken at PORIM for the timplementation of a concerted pro-
aram Lo develop the wols and techniques required For genetic
cngineering of the oil palm (151 The strategy adopied is o
alter the expression of genes of the enzymes that control the
levels of palmitic and oleie acids in palm oil so that as much
af the palmiate as possible is converled o oleate.
Biochemical studies, carried out on fatty acid synthesis in
the ol palm mesocarp, indicated that the enzymes acyl car-
rier protein (ACP) thioesterase und B-ketw acyl-acyl ACP
synthase J1 control the levels of palmitate and oleate.
Thioesterase activity in the erude extract showed o marked

TABLE §
Yield of Pure Elaeis oleifera’

FIB vield Qildwunch Ol yield
Progieny Aihady 11 Ihaa
RIEE 933 [ th i
B 036 [ (AN
45 (.56 I8 (h13%
4.4-4 3.28 2.4 25
L. guhioensiy 2331 R 35

MSeee Table 2 for abbroviation,
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TABLE 9
Composition (%} of Carotenes of Palm Oils Derived from Elaeis
guineensis, E. oleifera, and Their Hybrids (Ref. 12)

1.5 )AL AN FT AL

TABLE 1%
Compaosition (%) of Sterols of Palm OQiis Derived from Elaeis
guineensis, . oleifera, and Their Hybrids (Ref. 12)

F. puincensis Ealeifera foxFg
Tvpe g ifer hybrid
Phytoaone 1.27 112 (3
Cis-B-carotenc 11.68 148 .38
Phytofluenc 3.06 frace trace
B-Carotene k.02 34.08 06054
n-Carotene 315.06 .38 12.78
Cis-o-carolene 2449 2.4 137
C-Carotene {169 (.36 [ )
- arotens 0.33 .08 (.23
&-Carotens (.83 0.0% .24
Newvrosporenoe .29 .04 .23
B-Zeacarotlene .74 137 1.4
o-Zeacarctenc 023 (.43 (h.45
L ycopene 1.3 0.07 AR

Tonal tppnn S00-700 4 A00-4600 12501800

preference for palmitoyl ACP {16). Anton exchange chroma-
tography resulted in the resolution of two peaks, one showing
a marked preference for palmitoyl ACP and the other for
oleoyl ACP The results thus established that the chain termi-
nation reuctions of C |, and €., are independent. paving
the way tor the possibility of reducing palmilate by swilching
off the palmitoyl ACP thioesterase gene. At PORIM, the en-
zyme B-keto acyl ACP synthase 11, or KASIL, has been puri-
fied more than 10,000-told. The activity of the enzyme in the
miesocarp correlates positively with the level of unsaturation
ol the fatty acids present in the crude oil extract. Activity of
KASII increased with fruil ripening. reaching a maximum al
20 wk after pollination. The results of these investigations
suggest that high levels of palmitate in palin o1l are likely to
be due 1o low KASI activity and the specificity of the
thinesterase for palmitoy! ACP. Because commercial palm oil
is extracted from the mesocarp of the fruit, any effort at
in vitro gene manipulation o change the oil will have to be
directed to this tissue. For this purpose, PORIM's researchers
have given much attention to the identification and isolation
of genes that are specifically cxpressed in the mesocarp dur-
ing oil synthesis. Because ACP activity has been shown Lo be
induced just before the start of oil synthesis (17}, the gene of
this protein serves as a temporal marker, Attempts at isolat-
ing the ACP gene have resulted in the identification of sev-

TABLE 10
Composition (%) of Tocopherel and Tocotrienols of Palm Qils
Derived from Elaeis guineensis, £, oleifera, and Their Hybrids (Rei. 12)

Type

F.ogutneensis iEgr Lo oleffera iFni - Foos Eg hybrid

o-Tocopheral 21 15 19
a-Tocotrienal 23 27 8
y-Tocotricnol 45 54 42
&-Tocotrienol 11 4 15

Total {pprmi HO0-1000 Z00-1504) H00-- 1600

IAQCS, Vol. 74, na. 11 11997

Type f. puineonsis ifg F. oleitera tFo Forw Lp hyhrid
f-Sitostered 0 i} 50
Campostere! 13 19 243
Stigmasterol 24 15 16
Chalesterol 3 2 3

Total ppny 250-620 35004000 1110-1250

eral putative cDNA clones rom a mesocarp library. Studies
on differential gene regulalion in the mesocarp employ the
technigue of comparing in vitro translaled products of ex-
pressed genes during various stages ol development. Stage-
specific proteins huve been identitied (18). The techniques of
ditferential hybridization and subtractive probe hybridization
have been used to select several mesocarp-specific clones
fram a mesocarp library, Northern blot analysis has conitrmed
the Lissue specilicity of some of these clones,

in reahizing the need for a means to introduce the manipu-
lated genetsy into the ol palm. much effort is being put into
developing a reliable transtormation method. Both direct
DNA uptake and microprojectile bombardment have heen at-
tempted for this purpose. Transient expression of the B-glue-
uronidase (GUS) reporter gene has been chserved in various
transformed tissues. including pollens, young leaves, and em-
bryogenic calli.

In conclusion. oil palm yields in £ guineensis have in-
creased fourfold during the last 30 y (10). Breeding improve-
ment contributed about 70% of the increase, and Deli dura
had 65% increase during the same period. The switchover
from dura W tesiera contributed about 309 increase in vield.
Progress ol tenera improvement seemed to yvield an increase
of 9-12% per generation. IV also has increased rom 52 to
over 62 with the new breeding materials. Further yield and
quality improvements arc cxpected with new generations of
planting materials. cspecially with the introduction of elite
germplasm parents. Elaeis ofeifera has low yiclds but is high
in carotenes, vitamin K. and sterols and also bas a high [V
Bioengineering. espectally with the developments of trans-
genic plant technoelogy, will assistin new culiivar develop-
ment for novel oil compositions and specialty oils, in addi-
tion to ataining higher yields.
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