
OIL PALM 

Controlling 
somaclonal variations 

induced in oil palrn 
by in vitro 

rnicropropagation 

M ass micropropagation of oil palm 
by somatic embryogenesis has 
been carried out by several 

teams worldwide since the 1970s, to multi-
ply elite genotypes obtained in breeding 
programmes. This approach helps to over-
come the high degree of variability within 
improved progenies, so that the best indi-
viduals can be exploited. The joint CIRAD-
CP/IRD team in Montpellier has developed 
a regeneration procedure based on somatic 
embryogenesis, which has been transferred 
to several laboratories in producing coun-
tries: Malaysia, Indonesia, Côte d'Ivoire. 

A network of partners has been set up, 
linking the team to several research labora-
tories in France (universities of Paris VI, 
Paris XI, IBP-CNRS) and to private and 
State sector partners in producing coun-
tries: CNRA (Côte d'Ivoire), FELDA 
(Malaysia), IOPRI (Indonesia) , SOCFINDO 
(Indonesia) . 

Genetie fidelity 
of plants obtained 
by somatic 
embryogenesis 
The CIRAD-IRD process has already led to 
the production of around 1.2 million plants 
regenerated in vitro known as "ramets", 
representing a thousand different geno-
types. However, a proportion of ramets (5-
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10%) reveal a so-called "mantled" variant 
phenotype in terms of floral architecture 
(photo). In the most serious cases, the 
abnormality leads to sterility in the clonai 
palm. Clonai plantation yields can there-
fore be disrupted by the existence of such 
somaclonal variants. The abnormality rate 
varies from 0% to 80% depending on the 
line considered: this is an unacceptable 
risk for growers and currently limits com-
mercial development of in vitro culture as 
a mass propagation technique for oil palm. 

Severa! earlier observations suggested 
that an epigenetic phenomenon was 
involved, not a conventional genetic muta-
tion. In particular, reversion towards a nor-
mal phenotype has been observed in the 
field for a large percentage of palms, even 
in the most serious cases. In addition, 
genetic crosses have demonstrated that the 
floral abnormality can be transmitted to 
progenies, though by a non-Mendelian 
process. These two observations are incom-
patible with the hypothesis of conventional 
genetic mutation and vindicate the pursual 
of an epigenetic hypothesis, whereby 
genome expression is affected rather than 
its structure. 

The CIRAD-IRD team in Montpellier has 
launched a research programme using 
state-of-the-art molecular biology tech-
niques, to understand and control 
somaclonal variations in oil palm. The pur-
pose of this work is to identify one or more 
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molecular markers of the mantled abnor-
mality, in order to eliminate off-type plants 
before they are planted out, and perfect the 
propagation process so that variants are not 
produced. 

Two overall approaches have been taken: 
firstly, the structure of the genome and its 
methylation rate were analysed in relation to 
the mantled abnormality (DNA approach), 
then differential genetic expression was 
investigated (RNA approach). 

No difference in ploidy or in the quantity 
of nuclear DNA was revealed by flow cyto-

Photo. 
From left to right: 
fruits of oil palm 
regenerants with 
a seriously abnormal, 
slightly abnormal, 
or normal 
phenotype. 

~ metric analyses between normal and abnor- ~ mal regenerants. A study was therefore ..._ ______________________ _. 
made of genome structure, using the RAPD 
method. No polymorphism was detected 
between normal and abnormal regenerants, 
nor between regenerating plants and the 
mother-palm. AFLP was then used to carry 
out a more detailed analysis: as in the previ-
ous experiments, no difference was identi-
fied between normal and abnormal regener-
ants. 

Study of genome 
structure and DNA 
methylation 

Al! the results described above back the 
hypothesis of an epigenetic mechanism 
controlling the occurrence of mantled 
regenerants. Subsequent studies therefore 
focused on the potential role of DNA methy-
lation. The DNA methylation rate was quan-
tified on a genome-wide basis using two com-
plementary methods: high pressure liquid 
chromatography (HPLC) of nucleosides, and 
another enzymatic type method, Sssl-
methylase accepting assay. A significant dif-
ference (0.5-2.5%) was detected in the 
methylation rate between DNA extracted 
from normal and abnormal regenerants of 
the same clonai progeny, with the variant 
regenerant always showing hypomethyla-
tion (table, figure 1). The difference was 

even more marked for in vitro cultures: 
fast-growing calli, which produced 100% 
variant regenerants, had a genomic methy-
lation rate of - 4.5% compared to nodular 
calli, which regenerated approximately 95% 
normal ramets. Unfortunately, quantifica-
tion of overall genomic methylation cannot 
be used to carry out a "blind" test of clonai 
conformity, as there is a genotype effect of 
the mother-palm that is just as powerful as 
the epigenetic factors arising from in vitro 
culture. Yet these results are highly encour-
aging, since they enable a distinction to be 
made at the molecular level between nor-
mal ramets and variants of the same pro-
geny. Gene specific methylation studies, 
which are under way, will provide a clearer 
understanding of the role played by methy-
lation and will doubtless help in developing 
a clona! fidelity test based on this phenom-
enon. 

Study of differential 
genic expression 
A differential analysis programme was 
launched involving RNA populations, with a 
view to developing genes affected by the 
mantled abnormality and using that infor-
mation to check regenerated plants. The 

Tableau . Standardized methylation index (SMI) calculated by Sssl-methylase 
accepting assay of DNA extracted from calli . 

LMC 458 NCC 
FGC 

LMC 464 NCC 
FGC 

Data followed by different letters are s1gnificantly different at 5%. 

NCC: nodular compact cal li. 

FGC: fast-growing calli 

Spotl ight on tree crops 

1.74 ± 0.43' 
1.01 ± 0.04b 
1.39 ± 0.15' 
0.93 ± 0.29b 

technique adopted for this study was differ-
ential display reverse transcriptase-poly-
merase chain reaction (ddRT-PCR). The 
work was carried out jointly with the plant 
biotechnology institute at the University of 
Paris-XI, Orsay, under a three-year project 
funded by MPOB (formerly PORIM, Palm 
Oil Research Institute of Malaysia). 

Leafed shoots grown in vitro were cho-
sen for the differential display experi-
ments, in order to analyse material that 
was as uniform as possible. Putative cDNA 
markers of the abnormality identified by 
ddRT-PCR were cloned and sequenced, and 
their expression validated by the Northern 
hybridization technique. Each marker prov-
ing to be truly differential was then tested 
on other in vitro cultures, both true-to-
type and variants, in order to assess its reli-
ability as a marker of the "mantled" abnor-
mality. After this second validation stage, 
the cDNA which still proved worthwhile 
were examined more closely, by analysing 
their tissular expression specificity. Lastly, 
a cDNA library was screened to obtain "full 
length" clones for complete sequencing. 
Such an approach provided information on 
the protein coded by the gene in question 
and enabled identification of its possible 
function. 

Studies on expression markers currently 
stand as follows: 
• total number of potential markers identi-

fied by ddRT-PCR: 46, 
• number of individual cDNA cloned: 58, 
• number of cDNA validated by Northern 

hybridization: 16 
• number of normal specific cDNA: 9, 
• number of abnormal specific cDNA: 7. 

Severa! markers have been selected 
for more in-depth studies, including the 
marker illustrated in figure 2. This putative 
marker gave good discrimination between 
true-to-type and variant cultures at the cal-
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Figure 1. 
Overall met hylat ion rate in DNA 
from embryogenic calli (A) and immature 
infl orescences (B) of oil pa lm, calculated after 
HPLC analysis of nucleos ides. The data 
associated with the different letters 
are significantly different at 1%o (ca lli) or 5% 
(inflorescences). 
NCC: Nodular compact calli . 
FGC: fast-growing cal li . 

CALLUS SE APEX ... 
Va lidation of a potentia l marker of the mantled abnormality 
by Northern hybrid ization and cha racterization of the tissu lar 
specific ity of correspond ing messenger RNA accumu lation. 
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SEED 
,..--, 
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N: normal culture; A: culture with the mantled abnorma lity; SE: somatic 
embryo; APEX: part of leafed shoot obta ined by in vitro cu lture 
containing stem apex; INFLO: inflorescence; SEED: seed-derived plant . 

ddRT-PCR probe 

Ribosomal probe 

lus stage. The gene in question, which 
codes for a protein playing a possible role 
in response to stress, was expressed in in 
vitro cultures at ail stages, whilst in the 
whole plant the transcripts were only 
fo und in inflorescences. Other "abnormal 
specific" genes identified in this study 
would also seem to code for proteins 
involved in the response to stress, which 
might be explained by the physiological 
effects of in vitro cul ture. 

Prospects 
These encouraging results will be followed 
up in an assessment of the markers on a 
wide range of genotypes. Two approaches 

are being considered for developing 
fidelity tests , bearing in mind their 
respective cost and ease of use. Firstly, if 
differential accumulation of proteins 
coded by the genes in question can be 
shown, clonai fide lity could possibly be 
assessed by simple quantification using an 
antibody, such as ELISA tests. Secondly, if 
one of the differential expressions identi-
fied is linked to differential gene specific 
methylation, another possibility will be to 
develop a test using methylation specific-
polymerase chain reaction (MS-PCR), 
with PCR depending on the methylation 
status of the substrate DNA. 

A reliable test of clonai fide li ty wou ld 
salve the main difficulty holding back fur-
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ther commercial use of clonai micropropa-
gation of oil palm on a large scale. If 
somaclonal variations were controlled, 
growers cou ld rap idly benefit from the 
genetic progress achieved in breed ing 
programmes, and the resu lting yie ld 
improvements could be substantial (10 
to 30%). ln addition , the regeneration 
programme based on liquid medium de-
ve loped by the CIRAD-IRD team could 
then be used to obtain a cons iderable 
reduction in production costs. • 
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