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ABSTRACT: The oil pahn Etaeis guineensis is the highest c~il- 
yielding <:r<+p and has the potential to bec~:?me the mai<+r StJI.)- 
p[ier of [.+,+lh edible oil and renewable industrial ieedst~Jck. Ihe 
oil yield from wild groves is i)resently less than (1.5 I/ha/y. Hmv- 
ever, through breecting and selection, the oil yield ~>( corr, rner- 
cial plantations could reach as much as [", t/ha/y. Nr,w l~lar~lh~g 
materials also have the capability of better oil yields wi~h high 
iodine value IIV:,.. slow height increment, and larger kernels. The 
oil also contains considerable amounts o1: carotenoids (SDO .70D 
ppm), vitamin E (61lit-l OCt0 ppmJ, and ste,ols !250--62[} i~.pm;. 
The oil y'ield of another oil palm species, E. ofeifera, is approxi. 
mately0.5 t/ha@ with high contents o( carotenoirrs (700 13[)O 
ppm), vitamin E t700-1500 ppm), and ~tero[s ~35(}I';. 4000 
ppm). The above traits could be improved Ihrough breeding and 
biotechnology. 13iotechno[ogica[ efforts at the Palm Oil Institute 
of Malaysia are directed toward the produclion r>f oil with high 
IV and higl3 mtmounsaturaled fatty acids for edible purposes 
and industrial uses. Isolatkm and manipulalicut of Ihe genes in- 
volved in the hiosynthesis of fatty acids are Ihe main f(J[.:us. 1he 
aim is to increase the efficiency tff crmversicm ~+f palmitate 
!C+{,:o.~ to oteate (C~s.+ I. Levels o~ patmitate and oleate are corn- 
trolled by the enzymes acyl-acyl carrier proteir~ (A(7[.h 
th[oesterase and [3-keto acyl ACP synthase II. The chain termi. 
nation reactions of C~+,: o and C~: ~ are independent, titus pavinR 
the way for the possibility of reducing palmitale levels by 
switching off the palmitoyl ACP thioesterase gene. 
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The center of  origin itll(..t diversity of oil palm (Elaei.r seiners+- 
s-is Jacq.) is West Africa. and it has spread to most paris of the 
tropical and subtropical zones of the world. For example, four 
pahns were planted in Bogor. Indonesia. in 1848. The seeds 
o1: these four palms became tl~e base of oil palm expansion in 
Southeast Asia, including Malaysia. which now a c c o u n t s ,  fl)r 
about 52+~ �9 of  the world's palm oil pmduclion. 

Another species. E. o/e!l~,ra, originates in Cet+tral and 
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Latin America, stretching ["t'olll GuaternaI:t and H,:m(tttl':ls ill 
tile north lo Brazil itl tile east and Colombia and Ecuador in 
the west. This species was recently introduced into other parts 
uf the wurld, including Malaysia, tr hrmden the genetic base 
tH" uil palm and also to expluit its potential. This species nor- 
mally grows wild. um_l onty a small area is l:,lanted for cum- 
merci~,l exploitation, f tmvcveT-, this species possesses a num- 
ber of  desirable traits, such a~, skew yearly height mCT-cmerzt. 
high iodine value (IV), and tolerance to sotne pests and dis- 
eases that affect E. ,k, uinee,+sis. 

The oil palm. especi:flly E. ,q+d~leensi.s. has gone through 
several cycles t+f" imprm'emenl throughout the patm oit-pro- 
during countries. Conventional breeding incth~ds have been 
the main toul with great success. However. with the rapid ad- 
vimccnlent uf molecuhu" applications in plant hreeding, sm~te- 
gies have been formulated at the Palm Oil Research lnstilUte 
nf Malaysia (PORIMI to incorporate some of these new tech- 
niques into the oil palm impmvemcm programs. This paper 
will describe tile intpmvement c,f oil palm t.hl'ough COII\ 'ell  

tional methods and also the application of  genetic engineer- 
ins in breeding progT'imlS. 

OIL PALM BREEDING 

h,l;.,+'o;'e;;,.e.+J; qf I.-. guh'teel'+sis. The 111;.Iili emphasis of oil paln+ 
hnprovcment is toward I l igl/er oil y ield, and signif icant 
pl-t)grcss has been reported ,wer the last I'cw decades. Hmv- 
ever, lately, several other traits, such its high [V. high kernel 
cm3tent, sh+w yearly height ii1crenlCllt, resistance to pests a11d 
diseases, and MJI'~Or conlpoileP.ts {carotel+oids, v i tamin E. 
steml, ere. ) hitve recei red atlelttioll frortl the breeders. The oil 
palm yield h3 lhe wi ld  groves of  Afr ica is low. :weraging 0.2 
t lha/y ( I ) t o  0.g t l tut ly Irom improved nalur:d groves (2). 
P,dms h'l the wJld groves do not have the best envimnrnellt l',+r 
gl'Ow'tl'L These groves are either too dense or sc;tttered and are 
not well fertilized and maintained. 

Damestication of oil palm has t ed  [o  its inTprovelnent, es- 
pecially through breeding. The first step el genetic improve+ 
merit was based on the discovmy of  shell tllickl~.ess inheritance 
in oil pahn (3). When the hon'~{~zygous dominant, thick-shelled 
dut'a (sh + sh§ was crossed with ht~ll~,ozygous recessive shell- 
less. pisi fera (sh- sh-). a IO0CA �9 heter,azygous le,wrr, (sh + siC) 
was produccd, which is thin-shelled. Since 1960. i, tl returner- 
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TABLE 1 
Average Bunch Composilion (*~,.;,) 

CLomr)r,nents De, dish" ~h'l T.e;?o.ro <Sin .%h" 

F:ruil/Jltjrlc h tff) b(] 

M e~,( Ir,,.WF glr  tJ i t be  13[I 
~,he.lt'ir uil "){J l(J 

Kernu, I.."ir u it ] 0 1 (i 
(.) i l iwel mr icqri) :~t) :g(J 
() i l , 'hunch 1 ~ 2,1 

eial p lant ings ;  tht 'r,)f. lghoilt the? ~r{)rl(J arc  "~;l~cd o i l  tcl i t ' t '~t p l a n t -  

irlg InaTcl'ird. Table 1 shows the il1~,p,,t'oveH1ei1t OJ" Ie;?r c~il 
yield as con;pared to d~n~. This is a c]a.ssica] case ~fl" explni la- 
tion o[ a ~ingle gene by which lhe yiek_l was increased by more 
thun 31)%. gr162 the discovery of ~enera. [he ~mwers htrgely 
p J a l l l C d  dtfF(~ iq[1LttcriLtls. %.'rilh t h e  development of  le,r oil 
palm bi-eeding Inefl~ods have been rc~ towed, mainly cmpha- 
sizhlg COl]lhinql]ons elf ddt~,' alld/?i,v(/~ra tO give highe,'ieidh~g 
te~wr.,~, hi o[I palm breeding, discrete populatiol~S e l  dur~? and 
pis'~]'er, ror breeding and seIection are maintained concur- 
tr Io upgrade these 13~t)tilations. 

Ti le oi l  palm FFB (f lesh fruit  bunch) y ie ld o f  Del i  dm'a 
popi_lh.tticms increased from 17.9 Wha/y in 1878 to 26.9 I/h'<.dy 
in 1969. a rate of 2 kg/t);thl l/y, due to .<eeleclion progress (Table 
2). At [he S;mle time. the iTIcreasc e l 'o i l  y ie ld wa:, from 3.] 
t/h;1/y in 1878 to 5.0 t/ha/y in 1969 (4). With one generation 
of" mass selechon, select.ion progress u f  23.5 and 19.4c,"4 �9 was 
achieved for FFB uiid oil yield, respe~.'tively (4). Subsequent 
hl~provement.,, ;ff 26.3 ;u'M 35, L ;;.'~ for FFB and oil yield were 
achieved with ()PRS l)eli dura in C~mlparLson io Ihe first gen- 
eration ot" selection. Thi~ represents average selccl]otl~, 01 ~,,8 
and 11.7 per gener;eiw;, respectively t4t. Using these im- 
pro,..cd Deft d , r a  and also pis!'/i'ra selections, the produclioll 
of high-yiekting to ,era (dm'a ~tUs!7"era) as commercial l)hUlt- 
ins m;tterials ha,,. been tile maj{~r emphasis of breeding i_llld 

selection, especially by tile seed producers and l'esearch insti- 
tttl[ons. F;tble 3 shows Iile perfnrmance eft" various ~enera 
phmting wtaleria[s from 1962 m Ig88 15-7). The oil yield in- 
creased frol11 ;.1II average of  5.{) t;~ 9.6 t/ha/y, reprcsel~.tillg tin 
increase of 93.29~ and a yearly increase of 3,6',~ or 0.2 tthatv. 
The I3~':l'~:ot'111~.lllCe ()J" t i l e  ; l b o v e  m~.t le l ' i~l]s  W~_lS based on the 
Dell d ,  ra that originated fYmn the f'aur Bogor palrns phmted 
hi 1848. Thix rl/e;_lns II;at they have a n4rt'ow g,,2ilClic b<'LSC. 

TABLE 3 
Yield Per formance  of  O i l  Palm Planting Mater ia ls  (Refs. 5 - 7 )  ~ 

N umber Projected 
Yu,tr ,'ff FF8 Oil/bunch .uil yield 

Material?" planted p,~L~enie.~ ,.t/ha/y, ,%~ .:c,ha/yj 

DO x CI l C)62 32 22,0 22.2 4,9 
DD x UAC 19r 15 ,~4.6 20.~ 5, I 

DD x SP 1962 b 2]  .1 23,(1 4,9 
[)[9 ",," AVR()S  lr~64 22 31.(1 23,,5 7.3 

[3[) • AVROS lC,~68 i b  .1 t.1 22.1 fl.q 

[3[) x AVROS 197l) 2'I  I I .6 24 .2  7.6 
DE) x AVR()S  197q 3 .J,l,:, 2~ .8  ~,rt 
[3[7) x [3y-AVR()S  lq'7~t [O ].4-.3 2 5 . 8  ~4,6 

[2)[) x Y a n g a m h i  1 ~ 4  6 6  ~,l,fl 2 5 . 9  ~,(~ 

'Sue lahk '  2 Ior nhh~eviafi,m 
['Progenu,s t)[ (fl):-;H~'F, indicat~.,d in IS.is r.Q]ulqlll. 

There seemed to he a low level of addi t ive var iat ion left in 
the I)e]i dtlFa al'ter several generations of selection, and i]lOSt 
of the genetic variahiNty present was nonaddit ive (8). Selec- 
t ie r1  p l 'O~ | ' eSS i l l  subsequent generations will be low unless ge- 
netic variability is increased ttlrough crossing with other dura 
populations [.6). 

In view of  the above problei1;s, germpl:lsm collectiorJs 
were made a |  its cosier of  origin and diversity in Africa. 
These inaterials were evaluated, ~.Llld selections were carried 
out in various populations for iraits SLIcll :th high yield, high 
IV. dw~rl'imsh, and pest. disease and abiodc stress resistance. 
One of the populations from the earlier prospected germphism 
materials has been shown to be of great potential for future 
breeding and selection. This population gives oil yields rang- 
ins from 10.4 to 12.2 t/ha/y (Table 4), The selected eNte ma- 
tel-ials have been distributed lo ~he oil palm industry of 
Malaysia. This will not only hl'oaden the geiletic base of  the 
breeding population hut also increase the palm oil yield with 
high IV. 

1..+:a~ric oils are a good source of  l'eedsmck fin- the oleo- 
chemical industry. With the decline in coconut oil (mldit ional 
sourcel production, palm kernel oil has replaced the l:ormer. 
It i.,; proritable to have high kernel o i l -produc ing pahns, and 
there is much genetic v;tr iabi l i ty wi th in  the 1:. ,~izi~,~t.'r pop- 
ulation for large kernels (9). 

A host o f  special ly oi ls can now be sericlus]v considered. 
with the possibi l i ty ot: reduced development time hy using tl:e 

TABLE 2 
Selection Progress in Deli Dura Populations fRefs, 4,5) "~ 

FFB yield Oil/bunch CJil yield 
Pmgerw Year q/hd/y~ I "...;, ) ,Ilha/yj 

I I ]gcbgclr 
,ungt@,c W.dJ IZ~78 17/;' 17..~ 3, [ 

Ti Milrawa 
unse letted., 188 ~ I h,[~ 1 ~t. 5 "L t 

I:]lmma 
list gell( ' rat i i /n. i  U:~'3.~ 21. r 17,2 C7 

OI>RS 
i ercJ--~<lll ger+('r,ltii~rls~ [()~,~) 2h. {) 18.4 5.I.} 

'IFEg. flesh [fin! bun~h, 

TABLE 4. 
H igh-Y ie ld ing  and D w a r f  N iger ian  Tenera Pahns in P O R I M  a 

T,riaL Oil y[eM Oil ~.,ie[d I-[eMit increment 
n,.mtb,..r Fdmily Ikg:'p4 hlVy, I L,'ha/,,,i ~Cr'rffvJ 

(1,149 2[L17 83Z~ 12.2 23,1 
0, 1,V.) 1'4.11 75,9 ] 1.2 2] ,5 
(],1 .V} t ]}.()5 76.3 11,3 24,{) 
(), 15~'} ] 6.2 I 70.4 10,4 24,9 
I1.1 ~gO 19.13 7 I.(> lg,t~ 22,:~ 

Average cc~ntmerci<fl i ) lantat irm S ..S () 60,( i  

"PC)RIM, Palm ()[I Research Institute oJ Mahq,,,ea. 
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TABLE 5 
Fatty Acid Composition (~.) Of CPO from 
with High Iodine Value (IV) a 

N i g e r i a n  G e r m p l a s m  

I)alm 11 U t11'l)r, 'r (-14:0 C1 b:tl C I II:o ([H~. I (] I ?~:2 IV 

2 2 c.1..h 32.ff 6.5 .l.L 7 1 ] .J 6Lq 
.~8 (I,,5 32..5 7 .q 44 .  ~ 1 $, 5 6 1 . 3  
47, C),7 .],5.4 55 43.0 1:1.2 61.4 

128 0.6 35 3 5.3 42. ] 15.8 6.L,1 
14b 0.5 32,-l 5.h 45.0 15..~ (>:~.,+ 
151 I . I  ..~,h. 1 3.4 ,.I.t.6 14.8 ,bl.-~ 
/05 0.9 4(.1.1 '+.1 ,17.9 T4.7 61.4 
h18 0.6 B . 7  b.7 44.2 13.5 61.2 
81.++ 0 5  .32.6 6.6 47.4 11.8 61.1 
q(tj 0.4 3 C). 8 ? ..~ 4 f+. 5 .~ ,q h.~ 3 
q'71 (),3 ~ 1,2 7.0 4':). 1 t 2,9 64.4 

lShl 1.4 ~ 7.tJ 6.4 ~, fl,, 2 17.fl 61.4 

" (P( ) ,  crude I M m  ,,)il. 

t echn iques  e l c l o n i n g ,  gene t ic  eng inee r ing ,  a n d  mal'ker-i:s- 

sisted selection ( 10): (it high-stuart(  acid { i l l - - for  producti(m 

of  cocoa butler substitute; (it) h igh-carotene o i l - - f o r  vitamin 

A ;.1tld ilattlra] (lye production,  e.g., for use in instattt noodles: 

(iii) h igh- tocophero ] / toco t r i eno l  u i l - - t ' o r  vilam{n E produc-  

tion: and ( iv) industr ia l  fatty acids, e.g.. pe tmse l emc  acid. eru- 

cic acid. a]ld r i c i n o M c  acid for use in specia l ty  plastics and 

lubricants production.  

The fatty acid compositior~ o f  palm oil, produced ['rom cur- 

rent planting maleria], limits its s]lare o i  the market  I 'or liquid 

m~d satlad tills. Many Nigerian palms have oil (mesocarp> whh 

IV above  60 (Table 5). With fur ther  f l 'ac t ionat ion o f  crude 

p:drn eli, the o]ein should attain ai~_ IV close to 7ft. With this 

IV, it woutd be possible to market  palm ulcin as salad and liq- 

uid cook ing  oil in t empera t e  countr ies .  These  pa in>  h~,ve 

been crossed with the current breeding m a t e r i a l s ,  alld the IV 

o[" the progenies  are comparable  (Table ('~) to the parental ,..'~tl- 

ues. indicating that IV is highly inhcfitable ( l I). 

l , , p r e a ' e m e , ~  q f E .  oleil}ara. Oil palm breeding efforts I~ave 

been largely cozlcel]trated Oll t:'. ,V ,d ,ee ,s i .~ ' .  h'rlprovel"llelltS 

have been achieved  as discussed above.  However ,  the possi- 

bility o[  altering the fatty acid cumposi t ion  (Table 7}. increas- 

ing the IV, s lowing  ye:trly height increntent ,  and deve lop ing  

res is tance to cer ta in  d i seases  has brought  interest  i l l  I:. 

o f e ( l ( r a .  AllhoLtgh tile Ctmlmercial  oil yield of  E. o M f u r a  is 

TABLE 6 
I o d i n e  V a l u e s  o f  the  S e l e c t e d  N i g e r i a n  P a r e n t s  
a n d  T h e i r  P r o g e n i e s  (Ref .  1 I t  

Iot l ine I+rog(.'r+y ]od j hr.+ '.,,,~ [u t? 
Pa:Ft.,nl s val~_Je ,L:I }de ,, p fOh(? l l? '  o m(!al~.~; 

f l .151/814 61.4 PK 480 61.42 
fi'. 1% ]/t ,p, fil b1.4 PK 59l t, I .~~6 
f). I :. 1/',-t7 ] (:.4.4 pK 349 6t).711 
t l . l  51/48. f:.1.4 PK 51 ]~, t.,4.17 
i l l  51/bl~{ hl.2 PK .3t)7 64.62 
[.1.131]128 M . 4  PK .:]40 (140~1 61.60 

(icmm'~vrcial t<'r')C'r,:+ phmting material  ~2,1]fi. 

TABLE 7 
Fatty Acid Compodtion (%) of Oils from E1aei.~guineensls-, E, ofelfera, 
and Their Hybrids (Ref+. 12-14-) 

f-. gain(crisis rEg2 ~, (dcqtbra (I-t;,J E,r~ x [:g hyhricl 

pO" I . 'K(y PO PKO P() PK( ) 

(~{1::1 .I, [). { t]. "1 - -  <1.2 
( "B ?', I 4 .  ") -- O. {'J .-- ~- 2 
(710 :, ].7 --  ().8 2.7 
(71.! U (1"} 511.] -- 2q.3 44.4 
471-I II 1.2 I 5.4 (1.2 2 rL7 05 1 ~3.b 
(71<,, 44.~ 7_{ 18.7 1 t).[ /.2.2 8.8 
("lr,.I - .  - -  1.6 --  ().2 --  
{.,7 ] +~:1~ 4..~ I .8 (1,0 1.8 L2 2.2 
(,711s 1 ~q'..} 14..S 38.1 2fl.4 51.8 1F,,. g 
(7 la:_' II[l.O 2.4 21.1 4.5 1t).8 ~.4 
tithers 0,+) 0.2 1 .c) c).4 {).,~ r.l.2 
I++dJne value S.'~.() 18.2 85 .(1 ~ i.'~ 67.5 2 I.fl 

"ltJ(), Fmlm nil: FR(), D i m  kerrlel nil. 
I, . Nut d(,termirtr.~d. 

low, at less thai1 0 . 5  t / h a / ) '  (']"ah]e 8). it has h igher  caTotcne 

(Table 9). v i t amin  E (tocopherols and tocotrienols} ( ' lhble  

10t. and sterol (Tabfe II contents  as compared  to E. ~++6,een- 
, @  { 1 2 - 1 4 ) .  

B I O E N G I N E E R I N G  

T h e  fatty acid CUlnposiuons ( F A C )  of palm o i l  ar td palm ker- 

nel oil ,:+1 E. .~+r (Table 8) rel~der these ~il~, appl icable  

to both edible  and nol ledib]e us(s.  [h~veevel-. IO venture  into 

new markets,  a oh:rage in FAC is dcsh-ablc. The interest ill ap- 

pb.ing gcnc technology to the oil palm is thus Ior tl'te produc- 

tion o1" oil with a high COlltCtlt ill" illtllltJtlllSaU.it'tt[ed o]eic acid. 

SLicl-i ;_ill oil has the poteTtlial to open tip markets lor  palnl oi] 

in the liquid oiI sector, h ~, addit ion,  o le ic  acid is t.lneltll as all 

industrial  [eedstock.  A mu]t id isc ip] inary approach has been 

taken at POR1M lot  the i m p l e m e n t a t i o n  o l a  concer ted  pro- 

gram to deve lop  the too]s and techniques required for genetic 

e n g i n e e r i n g  o f  the oil pa lm (15). The s t rategy adopted  is to 

alter the express i tm of  genes o f  the e n z y m e s  thai ct',l]tz-ol the 

levels o f  pi.lt]nlitic a]'ld e l ( i t  acids in pallll oil ~) thai as much 

of  the pa,lmilate as possible is ({reverted to oleatc. 

Biochemica l  studies, carried out on fatty acid synthesis in 

the o]l palm mesocarp ,  indica ted  thal thu" cnzvT11r aC51 GII'- 
r ier  protehl  (ACP)  th iocs te rase  i, nd ~-kc to  acy l -acy l  A C P  

s y m M n e  Jl control  the levels  o f  pal ln i ta te  and oleatc .  

Th ioes t e r a se  ac t iv i ty  in the crude ext rac t  s t rewed a re,irked 

TABLE 8 
Yield of P u r e  daeis o,"elfera "~ 

F I ['~ rich1 Oil. . 'hundl () i l  y i d d  
Pro )g( ,e ~,. .. ffh a/':,.: ,%,, , t..."h a.;v, 

-M.-:t 9.12 1.9 c}, I~; 
-1..4 -.I 6. ~6 I ..I (L04 
4.-+-;~. (~.9 h. r.fi (}. 1 
4.4-6 fl. 5.~, 2 .r I}.2.5 

f.. ,~ul(ae(,n~i.~ 25.i11 2 "-,.g 6. 5 ~ 

�9 'Sr.~(. I,flflv 2 fur ,t[)hrr.'vidhr.~rl. 

IAC'Cfi, V d .  7,1, n.rJ. 11 i 1";'~+71 
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TABLE 9 
Composition {%) of Carotenes of Palm Oils Derived from Efaeis 
guineensis, E. ofeifera, and Their Hybrids {Re~. 12] 

E, guineensis k. e~h'il~'ro l o  • f"g 
[ype fkg; ~Eo/ h ybr id 

Plwtoerlt !  1.27 1.1Z I .,3.~ 
Cis- [J-carotene (). 68 0.4 ~{ O. ~.t', 
Phytof[uerre 0,06 lra c'e I ra te  
~-Carotene 5h.()2 54.()8 60.3 i 
or-Ca rotene ', '% ,O6 40..{ 8 32.78 
Cis-oc-ca rotene 2,49 2.3 I,  .~ 7 
~-Carotene n.b9 (J..'}fi I ,  I { 
"/-Ca rotene 0.3 3 ~l.t)8 0.2 3 
~,-Ca rotene (L,?, 3 d.t.()9 O. 24 
N('ur(lspl ~fene 0.29 '[),'D4 O. 2 3 
~-ZeacaroK'ne 0.74 0.57 1 ,t}:{ 
ot-Zeaca rotelqe q.],2 3 (),4.~ 0, 3 S 
I yc<3per;e 1 ..~ 0,07 0,( )5 

total  Ipprnl B()O-7I.)O 4 .~0U-.160[3 125[]- 1800 

preference for pallnitoyl ACP (16). Anion exchange chroma- 
tography resulted in the resolutitnl of  two peaks, one showing 
a marked preference for pahnimyl  ACP and the other for 
oleoyl ACP. The results thus established that the chain tern3i- 
nation reactions of  Cle,:~ and (71~:~ are independent, paving 
the way for the possibility of  reducing palmitatc by switching 
off  the palmitoyl ACP thioesterase gone. At F'ORIM, the en- 
zyme ~-keto acyl ACP synlhase II, or KASI[, has been puff- 
lied more than lO,000-fold. The activity t)f the enzyme in the 
mesocarp correlates positively with the level of  urlsaturation 
of the fatty acids present in the crude oil extract. Activity of 
KASII increased with fruit ripening, reaching a inaximuln at 
20 wk after pollination. The results of  these investigations 
suggest that high levels of palmitate in pahn oil are likely to 
be due to low KASII activity and the specificity of  Ihe 
thioesterase for pahnitoy] ACE Becat,se commercial palm oil 
is extracted from the mesocarp o1 the fruit, any effort at 
in  v i t r o  gone inanipulat ion to change the oi l  w i l l  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 expressed in the mesocarp dur- 
ing oiI synthesis. Because ACP activity has been shown to be 
induced just before the start of oil synthesis ( 17). lhe gone of 
this protein serves as a temporal marker. Attempts at isolat- 
ing the ACP gene have resulted in the identification of sev- 

TABLE 11 
Composition (%) of Sterols of Palm Oils Derived from Etaeis 
guineensis, E. oteifera, and Their Hybrids {Ref. 12) 

Type E, guineensis ;/-g; h, edeitbm IFuJ &~ • k/4 hybrid 

~-SiU;Slelrd G{) 64 39 
CampesUzrcJ[ 13 1 q' 2{) 
St igl'nasu,rol 24 I :~ 16 
ChoJuslerl>l 3 2 5 

T~tal ippm~ 2"5()-62() ",:i(10--.4000 I l t]I;.-] 25t) 

oral putative eDNA clones from a mesocarp l ibrary. Studies 
on diffel-entia] gene regulat ion it] the mesocarp employ the 
technique of  compar ing i n  v i t r o  translated products o1' ex- 
pressed genes during wLrious stages of  development.  Stage- 
specit]c proteins have been identified (18). The techniques ~f 
diffel-elatial hybridization and subtractive probe hybridizati{m 
have been used to select several mesocarp-specif ic  cIones 
t'ranl a mesocarp library. Northern blot :malysis has conlh'med 
the tissue specilicity of  some of these clones. 

In realizing the need for a mcarls to introduce the rnanipu- 
lated gone(s) into the oi] palm. much effort is being put into 
developing a rel iable lransftn-mation med~od. Both direct 
DNA uptake and Inicropro.iectile bombardment have been at- 
tempted for this purpose. "l'lansient expression of the [~-gluc- 
Ul'onidase (GLIS) reporter germ has been observed m various 
transformed tissues, including polIens, young leaves, and cm- 
bl-yt~genie calli. 

[n conclusion, oil palm yields in l : ' .guineensis  have in- 
creased lburfold duling the last 50 y ([0). Breeding improve- 
ment contributed abou! 70% of the increase, and Deli dura 
had 65% increase during the same period. The switchover  
froln dura to tenera contributed about 30% increase in yield. 
Progress of ~enero in lprovenlenl  seelned to y ie ld an increase 
of  9--12g pcl" generation. IV also has increased 1"1-o111 52 [o 
over 62 wifll the new breeding lnalerials. Furdaer yield and 
quality ilnprovelnents arc expected with rtew generations of  
planting inalel'ials, especial ly with the introductiol] o1" elite 
o 1 .~erl ]plasln parents, f:'htei.v ede([~,,o has low yields but is high 
in carotenes, vitamht E. and sterols and also has a high IV. 
Bioengineering, especially with the devr o f  ln,ltS- 
genie 131ant technology, w i l l  assist in new cu l f i var  develop- 
ment for novel o i l  composi t ions and special ty {il ls, in addi- 
tion tO attaining highel- yields. 

TABLE 10 
Composition ('?4,,) of Tocopherol and Tocotrienols of Palm Oils 
Derived from Elaeisguh~eensis, E. oleifera, and Their Hybrids (Rel'§ 12) 

Type F. guincensis ~Egl E. <deifera ~Eo; Eu x Eg hybrid 

c~-Tocophorol 2 t ] 5, 1 q 
o.-Tocotrienol 23 27 2 ~~ 
"f-Tocotrieno[ 45 54 42 
~.-Tocolrieno] 1 I 4 1 S 

Total "l:)pm) 600-1UO0 700.- 1 5 0 0  ~0t)--1600 
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