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In vitro propagation of oil palm (Elaeis guineensis Jacq.) clones through
somatic embryogenesis and analysis of somaclonal variation by RAPD
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Abstract This study was carried out to develop reliable
systems for somatic embryogenesis in oil palm tree (Elaeis
guineensis Jacq.), and to verify the somaclonal variants by
RAPD analysis. Embryogenic callus was induced
successfully on modified half-strength MS medium
containing NaH,PO,*2H,0 and casein. Embryogenic callus
was further developed to somatic embryo mass (SEM),
which is very hard and bonded tightly each other. Plantlets
were proliferated when SEM was cultured on modified MS
medium containing half strength NH4NOs, casein and
L-ascorbic acid. Plantlets were transplanted into pots
containing artificial soils. When RAPD analysis was
conducted using randomly selected 95 in vitro plantlets and
19 random primers, somaclonal variation was detected using
BNR35 primer. There was missing band around 1 kb in #22,
#28, #35, and #77 plantlets. In addition, bands obtained from
#28, #35, and #77 was much stronger than other normal
bands. The blast results at NCBI revealed that somaclonal
variation observed in this study was related to chloroplast
genome of oil palm. The results also revealed that oil palm
reproduction system through somatic embryogenesis is quite
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reliable and early detection of somaclonal variants seem to
be possible at in vitro stage by RAPD analysis.
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JE 7RI 7] wel g @ AR 5~10 & &S, RAPD WHAE FEke] 7IW SAE AEA
ool w2 Aom dfA L ek whebA, 2A g o AN Ho|E 27 DANA HAT 4 e Alad
& o] &3 SREY AL FEA WA, 2n & st AAskglch
AAAQ Sl A wfe- Fastchi AYzhEck

29T AP R callus WY LFE9
24-DE Q5ta ok I8y, A5kl 24-D7F A ZE g Y HiH
Ho| & oF7|(Rival et al. 1997; Matthes et al. 2001) 3}+= #
oz deiA 7] Hol, eAFUR o] gof  HEME
A AAIE HolE a7 AY dAlsk= AL W T
Qsteh A Ze ol b A=A o] of 5-10%7p = AEl AHEE edH R E LAEE] Y
W QALA 0] 517] L2 E Ho| wolq7} Yehta gl ASD AFRFE AlFRhob ARgsiglnt. 7] W] of i 25

715 23 Y 284S Eeste A2 7|2

Aoz 42 lE=d|(Corley et al. 1986; Tregear et al.
2002), “mantled” F@Foletal gzl o] ¥loj= &
FEo] FAlof o] "ot HAGA FRoAE
=0] carpelloid 22 WESHA Hu,
o] Al = staminodes”} pseudocarpel T+ 2 ¥rdslo] Fuf 9
WS AslfstA =L, Wo] Aol whek EYe] H7=
Bk mebd, A4 E WS Bl Aojd 22| of
ofofl A= 7] Hofl, v]gFA A AAE 27] dA N 2
A5kl A AT = 9l W o] Fagh Agfo|tt. RAPD
(random amplification polymorphic DNA; Rival et al. 1998)

vl Al o

u}# 1} RFLP(restriction fragments length polymorphism;
Jaligot et al. 2002) B}, 7128] 31 MSAP(methylation sensitive
amplified fragment length polymorphism; Jaligot et al. 2004;
Lei et al. 2006) u}# 50] 7] ©hA o “mantled” T HL
Wol: @RS Muksly] Sjstel AwH v} glck
3}, EgM394, EglAAI(Morcillo et al. 2006), EGADI(Tregear
et al. 2002), EgMETl EgCMTI, EgDRMl(Rival et al. 2008)
S 22 At “mantled” AP I B0l A
7= P"jl‘%-

A& 9] "t thA o 4] DNA methylationo] 3 Q3F &3t
L 3he AL olm] Y& A 9)th(Larkin and Scowcroft
1983). DNA methylation®] WH3s}= 42 Wdlo] S
FaL, o] AEA o WEy Eoto] S wAA =tk
22 gE AT UFoA A= AAE WHolrt

methylation?} T o] Qot= = —0] el 9l=Y),
Jaligot 5(2004)2 MSAP 7] E 35} xﬂAﬂi Ho] o}
methylation H3}}o] T,:‘ri'i/\g]g Z A Rival &

(2008)> DNA-(cytosine-5) methyltransferase(DNMT)PJ =2
I “mantled” EAFHO| AWAHS A= S
wfebd, o AFURY AL Hol2 FHIsts] 9stol
methylation®] WIS ZASHE AL vf$ G831 Ho A
27 wlol 2 & 9L Aol

2 Ao E edHu VW RERE G
S 2T RS 24-D7F H7HE wjAof i fsto]
somatic embryogenic mass(SEM)E F%=3}1l, o]Z o= E
B AEAE Baekel @ AP A tgEa A4

Embryogenic callus T

QAT HAH o= EE SEME F%23517] 919k HjA]
= FeSO4TH,0& 7314 &2 1/2 MS(Murashige and
Skoog, 1962) 7]E-1] ] of] NaH,PO4-2H,0 169.6 mg/L, casein
1000 mg/LE #7135 vjR & 7]EHHZ]§ A3 o,
o37] 9] 2,4-D 10 mg/L, 2-iP 0.01 mg/L, & 500 mg/L charcoal
< H7tstelh wiA Y] pHE 572 24T & 3 gLy
gelrite2 A 7}3to] 1217C, 1.2 7)) a1gEFE7] oA 20
w1F Htsko] AREsGTh &HlE wjAo] dYVIE 2
ol AR 2AE #Yste] &2 272 Adsto]
ufFataL, 28C R A E iR oA 65 402 A
vl k5 H A embryogenic callusE §- =314 th

Somatic embryo mass(SEM)2ZFEQ| A= 23}
SEMO 2 HE AxE3SIE Q3 v X &= FeS04-TH,0E §F
FoHAl gF2 MS 7|2 o 2uf&] w]gF AE H7tst
I, NHNOyZ 128 Z+AAA AFEskact ol 7)o 1,500
mg/L casein} 100 mg/L L-ascorbic acidE % 7}sl%th. 4]
Bz AEAZ A NAAS 05 mgl A3t ujx|o]
SEM& HfoFste] 6 7hA o= AhulF shaA A&

e Az 7IARERE 22T &, FeS0s TH0E
FFeakA] ok MS 7] Zuj x| o] NH,NOsZ 138 7HAA]7]
i, et %J 7} 282 Z7}E wiR| o] wjoksle] o] A
Pz

FEskACh. do] Aol o] 2ol Azk EO
2 %74 Eosie Aol d SRR S ABUR 4
£315t7] Y51 coco pit, vermiculite:perlite=2:1,
HES Al A EGFS olgato] L3S AAlE
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Ak 27] AUEES 0% ol4o ZATUN A3
SEE Wil 477 AN,

Genomic DNA =2 ¥ RAPDs =4

SEMO| A 58 AZ9 AAEWO|S ZAFsH] 9l5tol
RAPDSE S3alsich 7ol A 5408 22 % A7l
I Aol FaFt 95 AAE A= A 7t 3 ARE=
DNA % 7| E(DNeasy plant mini kit, Qiagen, Germany)S

Agsto] ¢l 22 02 HE genomic DNAES #2353t
H2 % genomic DNAE methylation WA AstaiQl
Hpall9} Msplo.2 A g)ste] Aetatsdct Aehs genomic
DNAE template DNAZ A}&3}6] RAPDE $3)35}3iTh.
A% random primer+= Bioneer AH(THA, 3t=t)of| A Tuff
%)= 10-mer random primer(BNR)E A}-2-5} % th(Table 1).
PCR SZAHEZ 5 Qiagen gel extraction kit(Qiagen, Germany)
£ AH8-5to] DNAS 2l4=3 &, sequencings A AJ5to]
7IEE st gele H714 9> NCBI BLAST
(Basic Local Alignment Search Tool, http://blast.ncbi.nlm.nih.gov/
Blast.cgi)E ©]-&3to] A5kl

SEM HifE Sot 2UHELIF| iS4

o
g

U2 EE embryogenic callusE X317 91319
=5 ol &skth L@l Heot
Adtsto] 9 225 A AT Fo 4
3 245 2Elste] wix|of A 4skal

SEstelch Z1y wopAl ZFe] wop
27] Sleto] Wjxe] T4 HEE A% 3
g, Kim 5Q01)E 7] 24 el zA L ¢

tlo oz il -
A

e = ey N fo
Mo NN 2o

Table 1 10-mer random primers used for RAPDs analysis

otk 2 to A= NaHyPO4-2H,0
caseing F7}5kal, NHINOs;9| =& TAAPOZH &
o ArbAel A ALES THT & ddth
QAFUR Y Fe s fEE ThE A o ¥
ste] melA gEHgoN, FEH Aesd Y=
27 e ok 3 4G 3Y Boke
=k BaEgon, Agse FHL B
HieF 3ol AuwA Hjef 22 ORHE A2 wo]AR
A 27F BEE QAL o] & 3~4T O] HjoF 7]7ko] AU
A Ay A a2 S QIthFig. 1A). ROl A
AL fee 2 HAAHE o]&ste o] FolHH
(Gupta et al. 1984; Gabr and Tisserat 1985; Srinivasan et al.
1985; Alang and krishnapillary 1986). &L}, o] ¢ 2&
o] S-3t FHo] FAZE HA Ghethe @Al Ak &
AFoAe= GU71E e AP =i E Ay

e}

I

2E Ak 4 Qloith

ABUT A ST WA Aro) Y B4 F
Shubz WAl Ao 27t mass B Agths Zolth

Z710 k= g AYas REHL fA 227t
S AR GE, A A7F BASHHA TsHA| 5 A A= mass
(Somatic Embryo Mass, SEM) & el 2 w3}t SEM A
Blof A v A As A= TestA £0]910] mass®E
e Belshs Zo] 44 Qotth FUURY A%, 27]
iR A A Tekel AR 85 o)A B iR of Hl

— 1

)
Bl FULRo A i Aescts OE Pz
4 qdgleh ola Bake Fo) Aol
S Qe Aoleta Az 27 H)

BNR No. Sequence BNR No. Sequence
23 CAGGCGGCGT 38 GGTCCCTGAC
24 TGACGCGCTC 41 ATCGGGTCCG
25 CTGGCGGCTG 46 TTCCCGGAGC
26 TGGGCTCGCT 49 CGGTGGCGAA
27 TGCGCCGCGG 55 GTCACGGACG
28 CCCGCCGTTG 56 GCCATGCACG
29 GACATCTCGC 76 GAGGCCCGTT
30 GCCACCTCCT 78 GGGGGTTAGG
35 AGCGGCTAGG 81 TCCCCAGGAG

36 GGGCCCGAGG
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Fig. 1 Somatic embryo mass formation and plantlet proliferation. A, Embryogenic callus induction from apical meristem with a few
leaf primordia; B, Somatic embryo mass (SEM) developed from embryogenic callus; C and D, Development of shoot primordia from
SEM; E, Development of plantlets; F, Isolation of single plantlet; G, Elongation of plantlet; H and I, Acclimatization of in vitro

plantlets

Table 2 Number of shoots proliferated from one SEM

Shoots > 25 mm*

Shoots < 25 mm

Mean Number of Shoots

31.2+0.99%*

11.8+0.97

*One SEM was multiplied to 5 SEM clumps at the end of proliferation stage, and number of shoots proliferated from each SEM

was counted by size.
**Standard Deviation

M A GEE BE Al7R] 2aE A A 2
97k SEM Fejm H As fEuols g we
e Byon, AR Qe wekolx AN 77te
Moz Wk thFig 1B).

W Ae ol §EE SEMS Ax §E Ao
wjopstel Az BotE GEstelth. AvbAel AAE vl
Sroluh AAE %4 0 2R E o] AL atel u]wLake] SEM
ozBE o] Nz Bahs § 71 AT adtach Az &
s} Wi o] o T G S HEL A2 88wt A
e ssl Bgol A A A QY o

AR, 1C, 1D), % o) ﬁlmuﬁ%k% Fste] of
o gd 2R RalstlckFig 1B). A wopo] 21

A& 3 9] SEME 2 je] SEMO.E 4]
, ST ZE37E SO Dotk #otH AlxE
massO] 235 o] Q= thAZE 7] wH(multiple shoot clump)
FEH = Astden, Bt £7]7F FAlo Taekal
o). SEM9| Abejo] me} 224 o ATE ®o|7l 519
Oof, Az = iAo s FE = 4~67Hd Abolof Hj ¥
2l S F SEMORRE A2 g olRolon
z7] wiFE g 719 SEM & A A= A7t 7k
25 mm O|AFS] Az 4= ot 31.240.997] S tH(Table 2).
QAT A B AR 22 A2 vofo]
U A le §8to] o] Fo XAk, e A} Ashulr
H AEZo] Aol mfjL 27| wj&of(Kanchanapoom et
al 2010) Ael s AR W AR AaE 224717] 9]
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shof WA W AREAE A Pt AR BE To] 1
asteh weba] Evbael As A B AR AL

£ 95t HwiAe 4 2 A2 EE
Atk &, A= MS HiAE 7]
He g4 AEEY ¥ e
A gropbd 4= itk A2z RE A5 &34
7171 ¢Js5to] Abo]E 7] d(cytokining)o] F2 ARE-HTE 1
2t ed@duTe] A9 AlE7|dE AR HE
o] 7] ]| ol AL Aol Atk Zeatino] A% 3}
of ETpHo|/| AW, fEH AE7F BE WolAa
= EBE% Qlth(personal communication with Dr. Nidia,
ASD, Costa Rica). & AollA= L AF T A=A 23t
of AOIEFINS AHEFHA g 9SAC RN NAAS
Aez Aoz SEMCRZRE A &7|ds
w3 4 A
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of A A 2 BAN A BolAE Bl
&9l 14S Austng Ams . Rl A el
she el ol X7k Qick nAAY WHoR &
Aolut EA|o AR5 Fo AgsheA Lehbs A
o WolZ WHY = ot of H$ Azko| Hol 2
O3, mE 2AUFRE Ao 317] wEe] §e 4

AAZE 8- B ZAkeEol A o W g2 Al
Zhol HolAlE e 4= e FA ol AR 4ol
ek Wolo] F/E &7 o2 ABF= Atk whetA, o
5 ol 2ol § 2o AAjste] EFP 2R e
L= HolE #jlels 9AE &R o AAHoF & 284
o] 471715 k. 2y oju] £t upA|7F A 7
2h ZAEEol Ao Hol Al ZelH 2 i {87k Hol
A eelol & ¢ 9le Ao dudn. e dgyTe
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2hA, & o A= SEMOA £3HE WA E o]§5te
methylation®] ¥H3}S RAPDE o] &3}o] ZAMSIALE &
1971 9] random primerE AF&3}o] 95 7§ Ao tfgt RAPD
£ 4395t A1), Hpall2 2% genomic DNAE 0|83}
Ao A= E= primero] A T LS WHE FEE Hof of
Hol e R 4=~ AU Msplo 2 AThE genomic
o]-§3t FA A= thFEE ] primerof A WO E
13tk 121}, BNR36 primer® PCRES 43}
WA ZF 2ol 5 Hol= e FHE UE Sl
oA &) A0 A= FREE 20
ZHA W, #22, #28, #35, #77HH 2] 4 A o A
ShUb7} Abeb2l shbe] miEwro] paro] H|9let
, #2810} #35, #7711 O] A5 st WiE vt dF
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Fig. 2 RAPD patterns of plantlets derived from SEM. RAPD analysis was conducted using BNR36 primer. The amplification products
were compared on the basis of molecular size. Lane M, 100 bp DNA ladder (NEB); Other lanes, plantlets used for RAPD analysis

AT 4 gt webd @ dEupe] Wo A 7HA]
Holl 31014 methylationo] 85 2HQlsh= A2 - F
asttil & ¢ o Aot

2% methylation T17+A] A3t E 421 Hpall
FYU3t H71AL(5-CCGG- 3')% AekshA| g,
methylation E|+= cytosine2] ¢ Z|of W& WAL th=
(Butkus et al. 1987; McClelland et al. 1994). MspI_J 2 o
9] C7} methylation oS o Adstun vpZE Crt
methylation ¥ 1S wj= AostA] $A|Th, Hpall= B}Z
29 C7} hemlmethylatlon S u HAddtch = DNA
o|FUA FollA o= %9 C7} methylation & & of
DNAE AttstA Erh whebA, & Atof A gheld wol
A8 A CCGGY H7IAE F AFH9 cytosineo] A
methylation®] 3K A Z 0] methylation EH YA} E=
methylatlonoﬂlﬂ oﬁxﬂﬂ)ﬂ ATt Az 4 glom,
o] & Ql5lo] Hpall2+= Z A=A ¢ ¥o]7} Msplo] 9
stol gAE 9ok ek,

#35H JNA oA T | kb F29] =L Qiagen gel
extraction kit(Qiagen, Germany)S A}-8-3}¢] DNAE 3|3t
2 sequencingS A A5} Sequencing S 2 ¥ o2 F7|
AEE NCBI A48 Eolo RAT AT, LA
(Elaeis guineensis Jacq.)?] =2 DNA 9 Elaeis oleifera®)
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Fig. 3 Sequence alignment of the target, Elaeis guineensis chloroplast genome, and Elaeis oleifera 23S
Sequences, Nucleotide sequences of the band obtained from #35 plantlet; JF274081.1, Elaeis guineensis

CCCGAGGGATGGAGGAGGCTAGGTTAGCCGAAAGATGGTTATCGGTTCAAGGACGCAAGG
||||/L|||I |||||||||||I|||||||||||||||||||||||I||||||||||||I|

LEE LT ||l|||||||||||||||||||||||||||||||||||||||||||||||
CCCTAGGGACGGAGGAGGCTAGGTTAGCCGAAAGATGGTTATCGGTTCAAGGACGCAAGG

AT T T T T

TGACCCTGCTTTTTCA CCOGA(
||||||||||||||||||H|||||||||||||||||||||||||||||||||||||||
TGACCCTGCTTTTTCAGGGTAAGAAGGGGTAGAGGAAATGCCTCGAGCCAATGCCCGAGT

ACCAGGCGCTACGGCGTTGAAGTAACCCATGCCATACTCCCAGGAAAAGCTCGAACGACC
II&IIIIIIIICIIGICI |||||I|I|I|I|I|I|I|I|I|I|I|III|I|||I|I|||I|

A
RN RANRIRNANEY |||||||||||||||||||||||||||||||||||||||||||
ACCAGGCGCTACGGCGCTGAAGTAACCCATGCCATACTCCCAGGAAAAGCTCGAACGACC

TTCAACAAAAGGGTACCTGTACCCGAAACCGACACAGGTGGGTAGGTAGAGAATACCTAG
||||||I||I|II|||I||II|IIII||||I|II|II|I||||I|III|I|II|||II||

||||||||[|||||||||H|||||||||||||||||||||||||||||||||||||||
TTCAACAAAAGGGTACCTGTACCCGAAACCGACACAGGTGGGTAGGTAGAGAATACCTAG

R
R
GGGCGCGAGACAACTCTCTCTAAGGAACTCGGCAAAATAGCCCCGTAACTTCGGGAGAAG

GGGTGCCTCCTCACAAAGGGGGTCGCAGTGACCAGGCCCGGGCGACTGTTTACCAAAAAC
|||||||||||||||||||||I||||||||||||||||||||||||||IT%IFIIIIIIIII

CEEEEEEEEEE e
GGGTGCCTCCTCACAAAGGGGGTCGCAGTGACCAGGCCCGGGCGACTGTTTACCAAAAAC

T
ACAGGTC GTATGGGGGCTG: CTGCCCAGTGCCGGAA
|||||||||||||||||||||I||||||||||||||||||||||||||||||||||||||
ACAGGTCTCCGCAAAGTCGTAAGACCATGTATGGGGGCTGACGCCTGCCCAGTGCCGGAA

T
(I
GGTCAAGGAAGTTGGTGACCTGATGACAGGGGAGCCGGCGACCGAAGCCCCGGTGAACGG

???f??????T???????T??T????T???????T???TT??????????TT????????
T |’| T
CGGCCGTAACTATAACGGTCCTAAGGTAGCGAAATTCCTTGTCGGGTAAGTTCCGACCCG

T T T T T

||||||||I||||||||||||I||||||||||I||||||||||||I||||||||||I|||
CACGAAAGGCGTAACGATCTGGGCACTGTCTCGGAGAGAGGCTCGGTGAAATAGACATGT

T T T T T
CTGTGAAGATGCGGACTACCTGCACCTGGACAGAAAGACCCTATGAAGCTTTAC C
III||IIIII|||IIIII|||IIIII||IIIIIIIII||IIIIII||IIIII|||IIIII
CTGTGAAGATGCGGACTACCTGCACCTGGACAGAAAGACCCTATGAAGCTTTACTGTTCC

GGATTGGCTTTGGGCCTTTCCTGCGCAGCTTAGGTGGAAGGCAAAGAAGGCCTCCTT
III||IIIII|||IIIII|||IIIII||IIIIIIIII||IIIIII||IIIII|||IIIII
CTGGGATTGG
I|I|||III||||II]II|||II|II|||II|I|III|||I|I|]|||I|II|||II|II
CTGGGATTGGCTTTGGGCCTTTCCTGCGCAGCTTAGGTGGAAGGCAAAGAAGGCCTCC

CCggggggaCCCGAGCCATCAGTGAGATACCACTCTGGAAGAGCTAGAATTCTAACCTTG
|||||||I|||||||I|||||||||I||||||||||I|||||||I|||||||||||||||
ATCAGTGAGAT.
||I||||I|||||||]|||||||||I||||||||||I|||||||]|||||||||||||||
CCGGGGGGGCCCGAGCCATCAGTGAGATACCACTCTGGAAGAGCTAGAATTCTAACCTTG

TGTCAG-ACCTACGGGCCAAGGGACAGTCTCATGTAGACAGTTTCTATGGGGCGTAGGCC
[T11T] |||||||||||||| ||||||||||| |||||||||||| |||||||||||||||
TGTCAGGACCTA AGTTTCT,

[T |||||||||||||| ||||||||||| |||||||||||| |||||||||||||||
TGTCAGGACCTACGGGCCAAGGGACAGTCTCAGGTAGACAGTTTCTATGGGGCGTAGGCC

CCCAAAAGGTAACGGAGGCGTGCAAAGGTTTCCTCGGG 881
|||||||I|||||||||||||||||I||||||||||I||
TTTCCTCGGG 108584
||I||||I|||||||]|||||||||I||||||||||I||
TCCCAAAAGGTAACGGAGGCGTGCAAAGGTTTCCTCGGG 2318

EU016908.1, Elaeis oleifera 23S ribosomal RNA (rm23) gene, partial sequence

63
107765
1499
123
107825
1559
183
107885
1619
243
107945
1679
303
108005
1739
363
108065
1799
423
108125
1859
483
108185
1919
543
108245
1979
603
108305
2039
663
108365
2099
723
108425
2159
783
108485
2219
842
108545
2279

ribosomal RNA (rrn23) gene.
chloroplast complete genome;
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