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INTRODUCTION

In Part 1 (Ong-Abdullah and Oo�, 2006) of th�s paper, 
attempts were made to ascerta�n the d�fferences 
between embryogen�c and non-embryogen�c 
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ABSTRACT

As both embryogenic and non-embryogenic calli 
were found to be distinctly different, this implies 
that their gene expression would be differentially 
regulated as well. Studies in other areas, in 
particular, medical research have used gene 
expression patterns to classify and predict the 
outcomes from specific conditions. This then led to a 
concerted effort to isolate and characterize the genes 
related to somatic embryogenesis. Several potential 
embryogenic markers have been identified, e.g. 
EgPER1, EgHOX1, EgPK1, EgNAC1, OPSC10 
and OPHb1.  These genes will then be used for 
development of a diagnostic screening tool for 
tissue culture amenity of oil palm.      

ABSTRAK

Memandangkan kedua-dua kalus embriogenik 
dan bukan embriogenik mempunyai ciri-ciri yang 
berbeza, ini membayangkan bahawa pengekspresan 
gen mereka juga dikawal atur secara berbeza.  Kajian 
dalam bidang lain, umpamanya dalam bidang 
perubatan telah menggunakan pola pengekspresan 
gen untuk mengklasifikasikan dan meramal hasil 
sesuatu keadaan yang spesifik tersebut.  Ini telah 
membawa kepada  penggemblengan usaha untuk 
memencil dan mencirikan gen yang terlibat 
dalam embriogenesis somatik.  Beberapa penanda 
embriogenik yang berpotensi telah dikenal pasti, 
seperti EgPER1, EgHOX1, EgPK1, EgNAC1, 
OPSC10 dan OPHb1.  Gen ini akan digunakan 
dalam membangun  alat penyaringan diagnostik 
untuk kemudahan kultur tisu sawit. 

cultures from the anatom�cal, ultrastructural, 
phys�olog�cal and b�ochem�cal aspects.  As we 
now know more about the embryogen�c call� (EC) 
and non-embryogen�c call� (NEC), the�r d�fference 
�n appearance as well as �n regenerat�on potent�al 
�mpl�es also d�fferences �n gene express�on.  The 
genome on �ts own �s merely a source of �nformat�on.  
In order for the system to funct�on, �t must be 
expressed.  Transcr�pt�on of genes �nto RNA �s the 
first step in gene expression.  Prior to the emergence 
of h�gh throughput technolog�es, gene express�ons 
were usually stud�ed on a gene by gene bas�s.  
However, �n more recent t�mes look�ng at gene 
express�on patterns �n a global way �s the preferred 
approach.  Hence, the term transcr�ptom�cs was 
co�ned and the study of the transcr�ptome became 
fash�onable towards late 1990s (Velculescu et al., 
1997).  W�th close to 25 000 genes and hundreds 
of thousands of prote�n states to �dent�fy, correlate 
and understand, it is no longer adequate to depend 
on stud�es of one gene, gene product or process at 
a t�me.   The �nvas�on of large scale om�cs stud�es 
has become more apparent.  However, the latter 
approach can rarely answer interesting questions 
w�thout the ass�stance of �nformat�on from the 
trad�t�onal hypothes�s-dr�ven research.  Therefore, 
the two types of sc�ence are cons�dered synerg�st�c 
to each other (We�nste�n, 2001).

B�omarkers are molecular �nd�cators that are 
h�ghly pred�ct�ve of b�olog�cal processes.  W�th the 
recent surge �n appl�cat�ons of h�gh throughput 
‘…omics’ technologies, the scientific community, 
especially those in the medical field, has witnessed 
the emergence and rap�d growth of b�omarkers for 
cl�n�cal use as well as to sat�sfy commerc�al demand.  
Relat�ng th�s to the o�l palm t�ssue culture process, 
our study of gene express�on �n embryogenes�s 
(and abnormal�ty, although not d�scussed here) was 
ma�nly geared towards d�scover�ng and develop�ng 
poss�ble b�omarkers for t�ssue culture amen�ty 
(and also for abnormality).  In the medical field, 
b�omarkers have been developed for pred�ct�ng 
d�sease suscept�b�l�ty, progress�on and drug 
response; hence the term ‘personal�zed med�c�ne’ 
was �ntroduced (Hood et al., 2004; Ja�n, 2004; 
Nev�ns et al., 2003).  Our �ntent�on for the o�l palm 
was just as a screen�ng tool for embryogenes�s and 
abnormality.  Here, we briefly mention some of the 
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genes that have been �solated and the�r potent�al 
to be developed �nto an array of b�omarkers for 
embryogenesis and subsequent normal plantlet 
development.

GENE	EXPRESSION	DURING	SOMATIC	
EMBRYOGENESIS	AND	THEIR	POTENTIAL	AS	

BIOMARKERS

Prev�ous results have shown that proembryos are 
exclus�vely found �n embryogen�c cultures and 
that isolation of cells may be a prerequisite for 
embryogenes�s (Dubo�s et al., 1990; Romberger and 
Hejnow�cz, 1993; Duckett et al., 1994; Yeung, 1995; 
Ong, 2001).  In add�t�on, embryogen�c cells were 
also found to be metabol�cally more act�ve and �t �s 
believed that an efficient system would be needed 
to break down the �ntermed�ate products of s�ngle 
electron reduct�on (by-products of resp�rat�on, 
e.g. React�ve Oxygen Spec�es, ROS) that can be 
toxic if allowed to accumulate.  Identification of 
an embryogenic specific gene from the oil palm, 
EgPER1, further strengthened the hypothes�s that 
a mechan�sm for overcom�ng the accumulat�on of 
�ntracellular ROS as a form of protect�on aga�nst 
Programmed Cell Death (PCD) �s present �n the 
proembryo system (Ong, 2001).

Through cold plaque screening (Hodge et al., 
1992), approx�mately a thousand clones from o�l 
palm suspens�on cultures were �solated and about 
65% of them found to belong to the extremely 
low abundance class �n embryogen�c suspens�on 
cultures and non-embryogen�c call�. Twenty-
two percent were found to be up-regulated �n 
suspens�on cultures compared to only 3.4% for non-
embryogenic calli. Out of the sequence information 
ava�lable for about 600 of the clones, 46% were novel 
or had homology to putat�ve prote�ns from other 
spec�es w�th unknown funct�ons. In short, most of 
the identified clones had genes involved in basic 
cellular funct�ons, as an �ncrease �n the express�on 
of genes �nvolved �n cell prol�ferat�on �s expected 
during embryogenesis. This is reflected in increased 
transcr�pt�on of genes �nvolved �n resp�rat�on and 
metabol�sm, prote�n synthes�s, cytoskeletal structure 
format�on and so on (Oo�, 2003).  

The express�on of EgPK1, a member of a 
novel ser�ne/threon�ne k�nase fam�ly, �n early 
embryogenes�s suggests �ts poss�ble putat�ve role �n 
d�srupt�on of the extracellular matr�x surround�ng 
the proembryogen�c mass �n embryogen�c cultures, 
postulated from the suggested funct�on of �ts 
homolog from mammal�an systems (Ververloo et 
al., 1980; Ververloo and L�bbenga, 1987; Kropf et 
al., 1989; L�gos et al., 2002).  Subsequently, these 
fr�able embryogen�c call� that cons�st mostly of 

proembryogen�c masses were selected for �n�t�at�on 
of suspens�on cultures. 

EgHOX1, a HD-Z�p II subfam�ly member 
(Bornberg-Bauer et al., 1998; Aso et al., 1999; 
Sessa et al., 2002) was up-regulated �n suspens�on 
cultures. In these suspens�on cultures, w�th added 
aux�ns, the embryogen�c cells reta�ned the�r 
embryogen�c competency and underwent rap�d cell 
prol�ferat�on wh�le the progress of embryogenes�s 
was suppressed. The role of EgHOX1 �s st�ll yet 
unknown, but as a probable transcr�pt�on factor 
�t may be �nvolved �n the transcr�pt�onal control 
of genes dur�ng early embryogenes�s or �n cell 
prol�ferat�on. 

EgNAC1, a NAC-doma�n conta�n�ng gene was 
h�ghly expressed �n suspens�on cultures. As w�th 
CUC1/CUC2 express�on �n Arabidopsis embryos 
(A�da et al., 1999), EgNAC1 may be expressed �n 
the presumpt�ve shoot ap�cal mer�stem reg�on of 
the embryos. As embryogenes�s progresses, ap�cal-
basal polar�ty w�ll be the next to be establ�shed. 
Procamb�al strands and the shoot ap�cal mer�stem 
are formed subsequently. Presumably, like the CUC 
genes, EgNAC1 may be local�zed �n the boundary 
reg�ons of the shoot ap�cal mer�stem �n embryos at 
later embryogen�c stages. Express�on of EgNAC1 
then rema�ns �n the mer�stem dur�ng the post-
embryon�c development of the plant. 

Screen�ng the o�l palm zygot�c embryo cDNA 
l�brary (Parameswar�, 2000) resulted �n the �solat�on 
of clones encod�ng for oleos�n (OPZE1), calmodul�n 
(OPZE3) and a tumour suppressor prote�n (QM 
protein; OPZE5). They were ubiquitously expressed 
�n all the t�ssues tested except for oleos�n, wh�ch was 
zygotic embryo specific. However, their (OPZE3 
and OPZE5) expression profiles varied between 
d�fferent t�ssues and organs, strongly suggest�ng 
both to be house-keep�ng genes. 

Calmodulin is ubiquitously expressed and 
has been reported to be assoc�ated w�th polar�ty 
establ�shment �n the proembryogen�c masses of cells 
that eventually form somat�c embryos (T�mmers 
et al., 1993).  Th�s �s an �nterest�ng feature noted 
because the current study shows h�gh calmodul�n 
express�on �n embryogen�c cultures and b�polar 
somat�c embryos of o�l palm. In order to test �f 
calmodul�n can be used as a molecular marker for 
screen�ng o�l palm embryogen�c cells, further work 
has to be done. 

The express�on of OPZE5 �s detected �n all 
t�ssues and developmental stages tested. However, 
th�s express�on �s not wholly const�tut�ve because 
OPZE5 shows a h�gh degree of var�ab�l�ty between 
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d�fferent organs and the t�ssues undergo�ng rap�d 
prol�ferat�on. Th�s �s cons�stent w�th stud�es �n 
embryon�c and adult mouse t�ssues (Dowdy et al., 
1991), mouse 3T3-L1 ad�pocytes (E�s�nger et al., 1993) 
and tobacco (Marty et al., 1993) wh�ch all show an 
assoc�at�on of QM or related homologue express�on 
w�th prol�ferat�on. Th�s �s supported by a study on 
QM express�on pattern dur�ng mouse development 
�n wh�ch QM was shown to be expressed �n 
numerous embryon�c t�ssues and d�fferent�ally 
expressed throughout the embryo, part�cularly �n 
the develop�ng ep�derm�s and l�mbs (M�lls et al., 
1999). In add�t�on to th�s, they also reported that the 
cytoplasm�c local�zat�on of QM �s cons�stent w�th 
�ts reported assoc�at�on w�th r�bosomes (Nguyen 
et al., 1998) and �ncons�stent w�th �ts prev�ously 
hypothes�zed funct�on as a d�rect modulator of the 
nuclear protooncogene c-Jun prote�n (Monteclaro 
and Vogt, 1993). Based on the pattern of QM 
express�on and local�zat�on, they suggested that 
QM prote�n may be �nvolved �n processes such as 
post-translat�onal prote�n process�ng wh�ch are 
essential for differentiation of specific tissues during 
embryogenes�s (M�lls et al., 1999).

The �solat�on of a homeobox gene, part�cularly 
the KNOTTED-like gene from o�l palm suspens�on 
culture, wh�ch �s �nvolved �n establ�sh�ng mer�stem 
�dent�ty (Sm�th et al., 1992; Jackson et al., 1994), was 
also attempted. Us�ng the RT-PCR method, a part�al-
length Knotted1-like gene (des�gnated as OPHb1) 
from o�l palm suspens�on culture was �solated. 
OPHb1 is expressed specifically in meristematic 
t�ssues. Based on the stud�es �n other plants, Kn-
1 overexpress�ng plants have been hypothes�zed 
to m�m�c the overproduct�on of cytok�n�ns g�v�ng 
r�se to plants w�th altered leaf phenotypes (Chuck 
et al., 1996). Th�s suggests that the cytok�n�ns are 
secondary s�gnals �n the genet�c programme that 
determ�nes leaf morphology (Frug�s et al., 1999).  It 
w�ll be �nterest�ng to study the express�on of OPHb1 
�n off-type plantlets versus �n normal plants and 
correlate �t w�th the abnormal�t�es observed dur�ng 
o�l palm t�ssue culture.  

Three unique RLK-like (Receptor-Like Protein 
K�nase) genes, des�gnated EgRLK1, EgRLK2 and 
EgRLK3, were �solated (See, 2002). RLKs have been 
assoc�ated w�th s�gnal transduct�on �n wh�ch they 
are used by plants to coord�nate the�r development 
and respond to endogenous or exogenous st�mul�. 
Of pr�me �mportance �s the ab�l�ty of plants to defend 
aga�nst pathogens and adapt to env�ronmental 
changes, such as drought, extreme temperatures, 
wound�ng and stress.  Prote�n k�nases are one of the 
major classes of s�gnal transducers (Satterlee and 
Sussman, 1998).  One of the well-stud�ed groups 

of plant prote�n k�nases �s the ‘receptor-l�ke prote�n 
k�nase’ (RLKs).  RLKs have been �mpl�cated not 
only �n plant development and d�sease res�stance 
pathways but are also �nvolved �n med�at�ng the 
s�gnal�ng pathway �n plant self �ncompat�b�l�ty.  
The �nvolvement of RLKSs �n embryogenes�s was 
demonstrated by the Arab�dops�s clv1 mutant 
(Mordhorst et al., 1998).  The s�gnal�ng mechan�sm 
was further elaborated on by Trotochaud et al. 
(1999).  CLAVATA1 (CLV1), an RLK that �s a 
leuc�ne-r�ch repeat receptor k�nase (LRR-RLK), �s 
apparently �mportant for the trans�t�on of cells from 
the central zone to the per�pheral zone (Schoof et 
al., 2000).  To date, RLKs other than SERK (Somat�c 
Embryogenes�s Receptor-l�ke prote�n k�nase) have 
never been exam�ned �n the somat�c Embryogenes�s 
system. Therefore, th�s study prov�des an �ntr�gu�ng 
first insight into RLK expression during somatic 
embryogenes�s. 

Among the clones isolated by the technique 
of Suppress�on Subtract�ve Hybr�d�zat�on (SSH) 
�s OPSC10.  It encodes for am�nocyclopropane-1-
carboxylate ox�dase (ACC ox�dase), a precursor 
�n ethylene b�osynthes�s, and has the potent�al of 
be�ng an ‘embryogen�c marker’ (Meskaou� and 
Tremblay, 2001; Huang et al., 2001).  From in situ 
RNA hybr�d�zat�on exam�nat�on, OPSC10 �s seen 
to play cruc�al roles �n the development of pr�mary 
growth of somat�c embryos.

The express�on patterns of the genes 
character�zed above can be summar�zed as �n 
Figure 1.  As poss�ble markers for embryogenes�s, 
EgPER1, EgHOX1, EgPK1, EgNAC1 and OPSC10 
seem prom�s�ng cand�dates. EgPER1, EgHOX1, 
EgPK1 and OPSC10 can be targeted at early somat�c 
embryogenes�s when callus cultures are st�ll on 
sol�d med�a. Whether these prote�ns are �nvolved 
�n the �nduct�on of embryogenes�s �s unknown. 
Funct�onal stud�es have to be carr�ed out to eluc�date 
the�r funct�ons dur�ng embryogenes�s.  OPHb1 
most probably plays a part at a later stage dur�ng 
mer�stem establ�shment.  As for the other genes, 
e.g. RLKs, Calmodul�n and QM prote�ns, as the�r 
expressions are more ubiquitous they may possibly 
be �nvolved �n a more general mechan�sm dur�ng 
somat�c embryogenes�s.

CONCLUSION

Ong-Abdullah et al. (2005) est�mated that t�ssue 
culture laborator�es w�ll operate at a loss of 
approx�mately RM 80 000 per year or even more 
�f they clone o�l palm mater�als w�thout any pr�or 
screen�ng for the�r embryogen�c potent�al or 
t�ssue culturab�l�ty.  The obv�ous reason for th�s �s 
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that callogenes�s and embryogenes�s are random 
processes that are currently unable to be externally 
controlled.  The loss �s expected to escalate �f 
abnormalities appear in the field.  As a result, tissue 
culture laborator�es cont�nue to perform ‘basket 
sampl�ng’ [Wallen�us (1973) as c�ted by Kelly and 
Cumberland, 1985] in order to be assured of some 
success �n the�r cultur�ng endeavors. 

The question ubiquitously being asked is 
how close are we to b�omarkers for t�ssue culture 
amen�ty, w�th as yet no ready answer.  However, 
efforts are be�ng channelled to comprehens�vely 
evaluate potent�al b�omarkers across a w�der 
populat�on of the o�l palm genome. In parallel w�th 
th�s, more b�omarkers are be�ng churned out from 
the laboratory to add to the ex�st�ng collect�on.  
Ult�mately, the d�agnost�c screen for o�l palm t�ssue 

Figure 1.  Schematic representation of the expression profiles of EgPER1, EgHOX1, EgPK1, EgNAC1, OPSC10, 
OPHb1, OPZE3, OPZE5, EgRLK1, EgRLK2 and EgRLK3 in somatic embryogenesis (PEMs, proembryogenic masses).
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culture ab�l�ty would cons�st of a broad array of 
markers to �nd�cate the culture cond�t�on of the 
mater�als at d�fferent stages of development. 
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