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Abstract 
Random amplhied polymorphic DNA (RAPD) analysis using arbitrary 
l0-mer oligonucleotide primers was employed in order to investigate 
the genetic fidelity of somatic embryogenesisderived regenerants of 
oil p a h  (Elaeb gubteensk Ja@. CIonal palms bearing the 'mantled' 
phenotype were identified in the field and,the ability of RAPD markers 
to distinguish these variants from palms of the normal type was 
assessed. Of the 387 arbitrary primers used, 259 (67%) were successfully 
used to amplify oil palm DNA genomic fragments with consistently 
reproducible banding. Of these 387 primers, 73 (19%) primen enabled 
the identification of polymorphism between clones. No intraclonal 
variability and no differences between mother palms and regenerants 
could be identified using the total number of marken scored (8900). 
Twenty-four of these 73 primers were chosen for use in a larger experi- 
ment aimed at comparing, first, the mother palm genome with that of 
its clonal offspring and, second, true-to-type and variant regenerants. 
Thus, the regeneration protocol based on somatic embryogenesis set 
up for oil palm clonal propagation does not induce any gross genetic 
changes. The results obtained revealed however, that the RAPD 
approach is not suitable for the detection of the mantled variant pheno- 
type. The use of RAPD markers for the detection of somaclonal vari- 
ation in oil palm is discussed. 
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Clonal propagation of oil palm (Elmisguineensis Jacq) through 
somatic embryogenesis has been practised for more than 10 
years by several research groups, and has led to the production 
of several millions of clonal plantlets. The technique has been 
proven by field performances on more than 2500 ha of clonal 
plantations (see Duval et  al. 1995 for a review). 

Evaluation in the field has, however, revealed the occurrence 
of a smaU percentage (c. 5%) of variant palms which show 
a n  abnotmal flower development. This character, originally 
referred to as 'mantled' by Corley et al. (1986) has been char- 
acterized as a feminization of the male parts of flowers from 
both sexes. The mantled abnormality can result in complete 
sterility of the variant palm in the most severe cases. The early 
detection of mantled-type somaclonal variants is thus critical 
in oil palm clonal micropropagation. 

The origins, causes and breeding applications of somaclonal 
variation have been studied intensively (Larkin and Scowcroft 
1981,Karp 1991, KaepplerandPhillips 1694). Theuseofmolec- 
d a r  markers is becoming widespread for the identification of 
somaclonal variants and the assessment of micropropagation 
or in oifro regeneration protocols (Brown et al. 1991, Vallés et 

al. 1993, Heinze and Schmidt 1995, Wallner et al. 1996). For 
this purpose, randomly amplified polymorphic DNA ( W D )  
appears particularly suitable on account of its ability to analyse 
DNA variation at  many loci using small amounts of tissue 
(Williams et al. 1990). W D  markers have proved useful for 
a number ofpurposes, suchas theevaluation ofgeneticintegrity 
during tissue culture (Isabel et al. 1993, Taylor et al. 1999, the 
identification of clonal plant material (Castiglione et al. 1993, 
Rani et al. 1995, Villordon and LaBonte 1995) and the detection 
of somaclonal variants (Munthali et al. 1996). 
In oil palm, RAPD markers have been successfully employed ,- 

for the determination of genetic variation among different 
accessions of germplasm (Shah et al. 1994). The aims of the 
work described here were: (1) to detect the occurrence of gross 0 
genetic variation during oil palm micropropagation through 2 
somatic embryogenesis; and (2) to assess the suitability of '$ 
RAPD for the detection of mantled variants among regenerant L= 

a, population. For these purposes, a large number of I0-mer pri- 
mers (over 350) have been screened for their utility in the detec- 3 
tion of polymorphism. The further characterization of 0 O 
regenerant palms was performed using 24 selected primers. a 
DNA polymorphism was investigated on 68 different palms u) .. 
through the analysis of mother palm/regenerants and true-to- 
typelvariant regenerants from several clones. 

Materiah and Methods 
Plant materiab Elite mother palms and regenerants of E. guineensir 
Jacq obtained through in vitro somatic embryogenesis were sampled at 
the IDEFOR-DPO LaMB Research Station in a t e  d'Ivoire (West 
Africa). Plant material consisted of 3-7-year-old palms of dura x pisi- 
fera hybrid origin. Leaf samples consisted of c. 20 leaflets taken from 
the basal part of the (F + 1) frond. Because of estate management 
contingencies it was unfortunately not possible to sample the mother 
palm and its true-to-type/variant regenerants from the same clone. The- - 
screening of each PCRprimer was performed using four DNA saplples, -I - 
originating from a variant palm and a true-to-type palm of two difierent 1 
clonal lines, namely LMC5I (pedigree: L2T x DID) and LMC63 ' ~ 

(LZT x L269D). Comparison between mother palms and regenerants z 
was carried out on four different true-to-type clonal palms and their Bm 

0" 
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O LMC343: @ll5D x DIISD x (L2T x L2T). 

In order to compare true-to-type and variant regenerants originating 



from the same clonal line, eight palms (four bearing the normal pheno- 
type and four variants) were sampled from four different clonal tines: 
LMCO3 (L16T x D3D), LMC51. LMC52 (L3D x L2T) and LMC63. 
Normal and variant clonal palms derived from the same culture batches 
differed only in their phenotypes; the in uifro treatments that they had 
previously experienced were identical. 

T i e  culture: Clonal oil palm plantlets were obtained from immature 
leaves through somatic embryogenesis (Pannetier et al. 1981, Duval et 
al. 1995). This micropropagation procedure allows the survival of the 
mother palm after sampling. It was thus possible to take leaf samples 
of the latter following the field monitoring of its clonal offspring (at 
least at 4years after the initiation of tissue culture). 

‘DNA isolation: DNA was isolated followhg a two-step method involv- 
ing the extraction of genomic DNA from nuclei. Freeze-dried leaves (c. 
2g dry weight) were ground to fine powder using a domestic coffee 
grinder. The powder was resuspended in 200 ml (1 d/10 mg dry weight) 
of extraction buffer (0.35M sorbitol, 0.1M Tris, 5mM EDTA, 0.5% 
(w/v) Na(S0JJ and filtered through a nylon cloth: Following a cen- 
trifugation at 3000g for 20min, the pellet containing the nuclei was 
resuspended in 120ml of lysis buffer (0.1 M Tris, 1.25M NaCl, 0.02M 
EDTA, 4% (w/v) MATAB, pH 8.0). After incubation for 4 h at 65°C 
in a water bath, with occasional inversion, the total volume of lysate 
was adjusted to 200 mlwith a solution of 24.1 (v/v) chloroform-isoamyl 
alcohol. After agitation, the homogenate was centrifuged at 3000g for 
10min. The extraction with chloroform-koamyl alcohol was repeated 
and the aqueous fraction (c. 25ml) then incubated with 2 0 ~ 1  of a 
10mg/ml RNAse A solution (from bovine pancreas, Boehringer 

Mannheim, Germany) for 1 h at 37°C. Total DNA was precipitated 
with 25@ isopropanol. The DNA precipitate was rinsed in 70% (viv) 
ethanol, then vacuumdried- The dried DNA pellet was resuspended in 
TE buEer (10 mh4 Tris-HCl, 1 mM EDTA, pH 8.0). DNA was quantifid 
by gel electrophoresis along with k” amounts of standard size 
markers@hageDNAdoubledigestedwithHindUiIandEcoR1). Extrae 
tion of genomic DNA from freeze-dried oil palm leaves yielded 250- 
SOOpgJg dry wt. This result shows a $@cant improvement in the 
technique if compared with the yields previously reported for oil palm 
leaves (20pg DNA/g dry wt, as reported by Shah and Parveez 1992). 

DNA amplilìcation: A series of 387 arbitrary decamer oligonucleotides 
purchased from Operon Technologk~ (CA, USA) were used for the 
amplification of random DNA sequences. Conditions for DNA ampli- 
fication and electrophoretic resolution of PCR products have been 
described previously (Lashermes et al. 1996). 

Results 
Camparative RAPD analysis of normal and variant regenerants 
A total off 387 arbitrary 10-mer oligonucleotide sequences were 
íîrst screened for their amplifying ability using four oil palm 
DNA samples (one normal-type and one variant palm from 
two different clonal lines). Of the 387 primers used, 259 (67%) 
successfully amplified oil palm DNA with consistently repro- 
ducible banding. Of these, 73 primers (19%) were able to dis- 
tinguish polymorphism betweenclonal lines. No polymorphism 
related to the mantled variation could be detected gable I). 

Table 1: Screening of RAPD primers using nuclear DNA samples from four different oil palms: one true-to-type and one variant palm from each 
of two different clonal lines: LMC5l and LMC63 

~ ~~ 

No. of Primers giving exploitable amplification Primers able to reveal interclonal Polymorphism related to 
Series primers products polymorphism the mantled variation 

. OPA 

OPB 

OPC 

OPD 

OPE 

OPF 

OPG 

OP1 
OPJ 
OPK 

OPL 
OPM 

OPN 

OPP 
OPQ 

OPR 

OPS 
OPX 
OPY 

OP2 

Total 

19 

20 

20 

20 

20 

20 

20 

19 
20 
20 

20 
20 

20 

18 
17 

18 

18 
20 
18 

20 

387 

AI, A2,84, A6, A7, As, A9, AIO, All ,  A12, 
A13, A14, A15, A16, A17 AIS, A19, A20 
BI, B2, B3, B5, B6, B7. BS, B9, BIO, B11, B12, 
B13. B14, BIS, B16, B17, BlS, B19, B20 
CI, C3, C4, C6, C7, C8, C9, CIO, (211% C14, C16, 
C17 
DI, D3, D4, D5, D6, D7. D9, DIO, D11, D12, 
D15, D16, D20 
El, E2, E3, E4, ES, E6, E8, E9, Elo, Ell, E12, 
E13, E14, E15, E16, E17, EIS, E19, E20 
F4, F5, F6, F7, F8, F9, FIO, F11, F12, F13, F14, 
F15, F16, F17, FI8, F19, F20 
G4, G5, G6, G8, G9, G10, G11, G12, G13, G14, 
G15, G16, G18, G19, G20 
15,18,110,115, I19 
J3,J4, J6, J8, J12, JI5 
KI, K3, K5, K6, K8, K9, RIO, K13, K14, K16, 
K17, K18, L20 
U, IA, L9, L12, L13, L16, L17, L18, L20 
M2, M3, M6, M7, M9, MIO, M11, M13, M14, 
M15, M16, MI9 
NI, N2, N3, N7, N10, N11, N12, N13, N14, N15, 
NI91 N20 
P2, P5, P16, P8, P9, PIO, P11, P12, P17, P18, P20 
44, Q5,Q6, Q8, Q9, QIo, QlA 412, Q13, Q14, 
Q15,Q17, Q19, Q20 
RI, R3, R4, R5, R6, R7, R9, RIO, R11, R12, 
R13, R14, R15, R16, R17, RI9 
SI, $2, S4, S5, S6, S10, S13, S14, S15 
X3, X4, X5, X6, X10, X16, XIS, X20 
Y2, Y3, Y4hY5, Y6, Y7, Y8, Y9, Y10, Y15. Y16, 
Y17 
Z1,23,24,Z5,26,Z7,28, ZIO, 21 1,212,213, 
Z14,Z15,216,Z17,Z18,219,220 
259 

A8, A9, AIO, A17. AI9, A20 

B3, B7, B9, B14, B20 

C8, CI6 

DI, D3, D13, D15 

Ell, E13, E16, E19 

F4, F6, F9, FI 1 

G11, G15, G19, G20 

None 
JI, J4, JI2 
K5, K8, K13, KI8 

LA, L9, L16, L17, L18, L20 
M3, M7. M9, M14, M19 

N7, NIO. NLI, N19 

P5, P17, P20 
QS, Q11. QI9 

RI7 

SI, s4 
x3, x4, mo 
Y2, Y3, Y10, Y15 

Z1,23,28, ZII, 218.219,220 

73 

None 

None 

None 

None . 

None 

None 

None 

None 
None 
None . 

None 
None 

None 

None 
None 

None 

None 
None 
None 

None 

None 
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Fig. 1: Gel electrophoresis of RAPD frag- 
ments obtained in Elaeis guineensis. a. Com- 
parison between mother palm (MP) and 
normal regenerants (N), originating from 
clones. b. Comparison between normal o\r) 
and abnomal regenerants (AN), originating 
from clones'LMCS1 and LMC63. Primer was 
OPJO4 
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Primers produced an 'average of 5.4 amplification products, 
ranging from 500 to 2530 bp, with an average size of 1020 bp. 
For a larger study, 24 primers were selected for their repro- 
ducibility and clarity of results and performed RAPD on a total 
of 32 palms (four normal and four mantled regenerants from 
four clones). For all of the 24 primers tested, amplification 
products were monomorphic throughout all the somatic 
embryoderived palms of the same clonal line regardless of 
whether their phenotype was variant or true-to-type (Fig. la). 

Comparative RAPD analysis of mother paIms and regenerants 
For the four clonal lines examined, PCR ampKcation products 
obtained with the four somatic embryoderived palms were 
compared with those of their original mother palm. With all 
primers used, a complete coincidence of W D  proaes was 
found between the original palm and its four regenerants, for 
the four clones considered. W D  profiles were polymorphic 
from one clonal line to another, thus codìrming the results 
previously obtained on four other different clones (Fig. Ib). 

Discussion 
RAPD analysis efficiently differentiated oil palm clones. These 
results will be useful for further studies such as clonal identi- 
fication, the monitoring of progenies in seed-production pro- 
grammes and in genetic mapping, thus complementing those 
previously obtained by Shah et al. (1994). RAPD analysis has 
failed to reveal any polymorphism associated with somaclonal 

.. 

variation in regenerated oil palm clonal plantlets. Nevertheless, 
somaclonal variants were clearly identified in the field through 
their phenotypic characteristics (Corley et al. 1986), but were 
not detected by RAPD analysis. Our results indicate that gross 
genetic change is rare or absent in the tissue culture protocol 
under investigation. RAPD analysis proved suitable for detect- 
ing gross genetic changes occurring in sugarcane tissues sub- 
jected to prolonged in vitro culture, but was not suí3ìciently 
sensitive to detect smaller changes during genetic trans- 
formation vay lo r  et  al. 1995). Similarly, Vallès et al. (1993) did 
not detect any variants in  Lolium and Festuca regenerants by 
RAPD analysis. In a study on clonal fidelity using RAPD 
in spruce, H e i m  and Schmidt (1995) concluded that a low 
frequency of genetic instability was present in the population 
of somatic embryoderived plantlets. Conversely, Brown et  al. 
(1991) assessed the RAPD approach as being very efficient for 
the study of DNA polymorphism in Trificum tamchii, avoiding 
the need for complex and expensive methods for the analysis of 
somaclonal variation. Assessing RAPD for the detection of 
somaclonal variants of beet, Munthali et al. (1996) found the 
overall frequency of somaclonal polymorphism (0.05%) to be 
similar to the fquenc ie s  reported using other techniques, such 
as isozymes or RFLP. 

In our experimental conditions, involving 259 primers, the 
total size of amplication products scored for polymorphism 
averaged roughly 0.04% of the oil palm genome size of 
3.6 x IO9 bp (Rival et al. 1997). The probability of detecting 
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polymorphisms resulting from macroevents (deletions, inser- 
tions, substitutions) a t  the DNA level within an  amplified region 
is thus rather low. 

NevertheIess, the total number of bands scored in this study 
as a whole (including both studies of mother palm/regenerants 
and those of normal/abnormal regenemits) reached 8813 (68 
palms x 5.4 bands x 24 primers). This number was much 
higher than the those published in other studies, indicating that 
the frequency of polymorphism in the somatic embryo-derived 
material is very low. It should be much lower than 0.05%, if 
compared with the results presented by MunthaIi et al. (1996) 
who found three somaclonal polymorphisms in 5607 scored 
RAPD bands obtained from 120 regenerants of sugar beet. 
Similarly, Devaux et al. (1993) examined 5340 RAPD bands in 
Hordeum without hding any polymorphism in embryo- 
genically derived material. Isabel et al. (1993) detected no poly- 
morphism in Picea regenerants after scoring 900 RAPD 
markers. 

Future work will focus on the study of mechanisms involved 
in differential gene expression in true-to-type and variant regen- 
erants, in relation to genomic DNA methylation. 
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