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Tissue culture propagation can induce genetic and epigenetic changes in
regenerated plants. In oil palm and other plants, these changes could result in
floral and vegetative abnormalities, also termed as ‘somaclonal variations’.
DNA methylation is considered to be a potential mechanism by which
somaclonal variants experience changes in their gene expression pattern. Most
genes controlling the flower architecture is largely determined by homeotic
genes containing a conserved MADS-box domain. Compared to Arabidopsis
thaliana and Antirrhinum majus, little is known about MADS-box genes
controlling flower development in oil palm. To detect the changes in methylation
of random genomic sequences in the vicinity of MADS-box genes among the
normal, abnormal and reverted oil palm regenerants, a novel DNA fingerprinting
technique called MADS-box directed profiling which is an AFLP-based
technology is described. The technique involves three steps: (i) digestion of the

genomic DNA with methylation-sensitive enzymes and ligation of adapter, (ii)



v

amplification of the selective fragments using a specific primer (MADS5’R) and
(iii) gel analysis of the amplified fragments. One-hundred twenty five
polymorphisms were identified throughout the study. The 20 most interesting
polymorphisms were selected for analysis of which 16 were successfully cloned
and sequenced from a total of 126 individual DNA samples sourced from 17 oil
palm clones. Most altered methylation especially in the abnormal palms is of
the hypo type. Analysis from the cloned polymorphic fragments revealed that
they are constantly present in an overlapping manner and therefore could be
classified into three groups based on their common consensus. In the latter
effort to obtain the full-length DNA sequences, 3'RACE extension was done.
Three new full-length MADS-box genes, namely OPMADS14, OPMADS15 and
OPMADS16 were identified. The sequence constituting these MADS-box
fragments are thought to be novel as they are not found in the oil palm MADS-
box collection. They showed similarity to the Arabidopsis thaliana AGL6, FUL
and SEP1, respectively. Their genomic organizations related to methylation
were studied through Southern analysis. Cytosine methylation polymorphism
indeed exists at the CCGG sites of some MADS-box sequence among the oil
palm clones. Expression patterns were studied by RT-PCR. OPMADS15
showed no differences in the abundance of transcript level between the normal
or mantled palms when compared between similar tissues. Thus, it is
concluded that OPMADS1S5 is a flower-specific MADS-box gene that is involved
in flower development and its expression is not affected by the differences in

mantling condition, or at least in the oil palm clones used for this study. The fact
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that OPMADS14 and OPMADS16 transcripts were also found in non-floral
organs reflect that these genes may not be necessarily involved in flower
development per se but may play wider roles in different aspects of plant

development.
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Propagasi kultura tisu boleh merangsang perubahan keadaan genetik dan
epigenetik di dalam pertumbuhan semula pokok. Di dalam pokok kelapa sawit
dan tumbuhan lain, perubahan jenis ini boleh mengakibatkan perubahan pada
perkembangan normal bunga dan vegetatif yang juga dikenali sebagai variasi
somaklonal. Metilasi DNA dianggap sebagai mekanisma yang berpotensi
mengubah corak pengekspresan gen di dalam variasi-variasi somaclonal
tersebut. Kebanyakan gen yang mengawal struktur bunga dikendalikan oleh
gen-gen homeotik yang mengandungi domain kekotak MADS. Pengetahuan
mengenai kekotak MADS yang mengawal pertumbuhan bunga di dalam pokok
kelapa sawit agak terhad berbanding dengan Arabidopsis thaliana dan
Antirrhinum majus. Bagi mengkaji perubahan metilasi jujukan-jujukan genomik
secara rawak di persekitaran gen kekotak MADS di antara pokok normal,

abnormal dan berbalik (reverted), sejenis teknik baru yang disebut sebagai
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‘MADS-box directed profiling’ yang merupakan teknologi berdasarkan AFLP
dinyatakan. Teknik ini melibatkan tiga langkah: (i) pencernaan DNA genomik
dengan enzim-enzim sensitif metilasi dan ligasi adaptor, (ii)) pengamplifikasi
fragmen-fragmen terpilih dengan menggunakan primer spesifik (MADS5'R) dan
(iii) penganalisaan fragmen-fragmen teramplifikasi dalam gel. Seratus dua
puluh lima polimorfisme telah dipastikan melalui kajian ini. Daripada jumlah ini,
20 polimorfisme yang paling unik telah dipilih untuk penganalisaan di mana 16
daripadanya telah berjaya diklon dan dijujuk daripada sejumlah 126 individu
DNA yang disumberkan daripada 17 klon-klon kelapa sawit. Kebanyakan
perubahan metilasi terutama dalam pokok kelapa sawit abnormal adalah jenis
hypo. Analisa daripada fragmen polimorfisme yang telah diklon menjelaskan
bahawa fragmen-fragmen ini hadir dalam keadaan bertindih dan seterusnya
boleh diklasifikasikan kepada tiga kumpulan berdasarkan konsensus yang
serupa. Seterusnya, 3’RACE digunakan dalam usaha untuk mendapatkan
jujukan DNA lengkap. Tiga gen kekotak MADS yang mengandungi jujukan
DNA lengkap, OPMADS14, OPMADS15 dan OPMADS16 telah dikenalpasti.
Kesemua fragmen yang mengandungi jujukan kekotak MADS ini dianggap baru
kerana jujukan-jujukan tersebut tidak terkandung dalam koleksi kekotak MADS
kelapa sawit yang ada sehingga kini. Walau bagaimanapun, jujukan-jujukan
tersebut menunjukkan kesamaan dengan AGL6, FUL dan SEP1 Arabidopsis
thaliana. Organisasi genomik yang berkait dengan metilasi dikaji melalui
analisis Southern. Sememangnya, polimorfisme metilasi sitosin wujud di

sesetengah bahagian CCGG kekotak MADS. Corak pengekspresan juga dikaji
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melalui RT-PCR. Paras transkrip OPMADS15 di antara pokok normal dan
abnormal tidak menunjukkan perbezaan apabila tisu yang sama dibandingkan.
Oleh itu, kesimpulannya ialah OPMADS15 merupakan gen kekotak MADS
pengawalan bunga yang spesifik; terlibat dalam pertumbuhan bunga dan
pengekspresannya tidak dipengaruhi oleh syarat perubahan keabnormalan,
ataupun dalam klon-klon yang digunakan dalam kajian ini. Fakta menyatakan
transkrip-transkrip OPMADS14 dan OPMADS16 juga ditemui di dalam organ
bukan bunga menunjukkan gen-gen ini tidak semestinya terlibat dalam
pertumbuhan bunga seperti yang dijangkakan tetapi mungkin mempunyai

fungsi yang lebih luas dalam aspek lain pertumbuhan pokok.
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