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Abstract

Oil palm is an oil crop that produced high oil yield and used the area for cultivation less than

other oil crops. Current demand of oil palm in the economy has increased rapidly. Naturally oil palm
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is a cross pollinated plant, seed propagation will lead to segregation in progeny. Therefore, tissue
culture was used to produce the true-to-type seedling in the propagation of oil palm. We found that in
the process of embryo development take up to 7-8 months, so we are interested in the gene that
involved in the oil palm embryogenesis. From previous studied, BABY BOOM gene (BBM) was found
that involved in the embryogenesis of several plant species. In this study, the expression level of BBM
gene in different stages of oil palm embryogenesis (callus, globular, torpedo, cotyledon and plantlet)
was examined using semi-quantitative RT-PCR. BBM gene of oil palm was cloned to study gene
structure and study the evolutionary relationships of oil palm BBM gene with other plant species. BBM
gene was expressed strongest in the globular stage of embryogenesis. The structure consists of 1,437
bp and encodes 479 amino acid residuals. For genetic relationship, BBM gene of oil palm was closely
related to Phoenix dactylifera (date palm), which were monocotyledon plants. The results from our

finding suggested that BBM gene involved in oil palm embryogenesis.
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1a &li”ﬁ’g@ Verso cDNA kit (Thermo Scientific,
USA)
2.3 N15AIIVFBUSTLAUNISHAAIDDN
YBIHHAILINARA semi-quantitative RT-PCR
#1 cDNA 71 lau1vind fAsen semi-
quantitative RT-PCR @28 lwsinas EgBBM_F

(5'-GCTTTCTTTCTCCTCAACTCC-3') & & ¢
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EgBBM R (5'-CATCACCTCCCATGGTCTCT-3)
Tasdgandsznauvasarsialasil cDNA 1
laulasdas Iwswas EgBBM_F uas EgBBM_R
Thaaz 0.2 MM, 0.2 mM dNTP mix, 10x ViBuffer
A U8z 2.5 mM MgCl, Y3unasmaw 10 lulasdas
lagld Taq DNA polymerase 0.2 Qﬁ@l (Vivantis,
USA) ﬁﬁﬂ;’jﬁ’i‘m‘ﬁ%aﬁIﬂm’%wﬁuﬁqmwﬁﬁ 95
°C W% 5 W1f §1WIU 1 38U NAIINIL 95 °C
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Taunaaastiagnaion 2 a5
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893 lwsiwes EgBBM_F uay EgBBM_R Tiiaas
0.5 uyM, 2 mM dNTP mix, 5x Buffer Q waz 5x
Enhancer U531a537% 50 lulasdas lawls Q5
DNA polymerase 0.2 g e ( New England
Biolabs®, UK) ¥in jisu1#dGens Taoisuduni
g il 98°C uI% 5 w1l 7 uu 1 30u
W&39INI 98 °C Ww 30 FTi, 58 °C 11w 30
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HAAA N NTaNSe83TaLan InsIWSFaluiaa
p=mlsa 1 % niudaaUSBLALGLE W
WadSunoele LLﬁaﬁﬂﬁwaﬁqwﬁ%ﬁ B7a GF-1
AmbiClean Kit (Gel & PCR) (Vivantis, USA)
daaninlaauiudu EgBBM 1 luluaaed
pGEM®-T Easy vector (Promega, Wisconsin,
UsA) uazananaiaasidnldluuuafiise £ coli
fNuWUT DH50L 6875 heat shock AaLianlaaw
vwe w1 sudendendfdaus 50 mgml
carbenicillin, 0.1 M IPTG tta¢ 20 mg/ml X-Gal
amaraulaand lddronsvind fAseRgans
laglglnsinas T7 (5-AATACGACTCACTATAG
-3") ke SP6 (5'-ATTTAGGTGACACTATAG-3')
uarddlaanllasiazeudrauiinailalng
(Macrogen, South Korea) %ﬁ‘w'mifuﬁ’lﬁaga
ﬁwd’uﬁaﬂﬁiavlwﬁﬁvlﬂulmﬂ?ﬂuLﬁﬂuﬁ'mj”agalu
31udaya NCBI (Altschul et al., 1997) Llilaa$hs
lassaeiu EgBBM
25N13LATITWAITNTUNRE L9
IIMINT
11 coding sequence 1a9fiu EgBBM 1'lda1n
Mg nziaauiinalalng v ms3
Wisusunudeuiiiaileinduasiiu BBM lu
Arwfiadn 9 lagadlnaasauianalalng
91n31daya NCBI (Table 1) uazidTouifiay
fauiwalaslslysunsy Clustalw2 (http:/www.
ebi.ac.uk/Tools/msa/clustalw2/) 31 n ifu 8319
phylogenetic tree d28/11/51n33 MEGA 6.06 (http:
IlIwww.megasoftware.net/) (Tamura et al., 2013)
lagdanzAanusunusidiitauinisaeis
maximum likelihood LazNagaLA8AN bootstrap

1,000 A3 (Felsenstein, 1985)
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EgBBM lwitaifosznzdns 9 amnmamzians
atdotnduinagiu wuiniinsugaseanvasiu
EgBBM luLf:aLﬁaszs_lz callus, globular, torpedo
uae cotyledon lasiannzluszss globular 450y
mma@maaﬂgdﬁq@ %uﬂmf‘tmﬁaﬁagﬂmw:
AMIWaw1LNUSTa #awlu plantiet twunns
w§a988NUaITu EgBBM (Figure 1) RNKAT L
gaansaInUIWIsuiauwninifinuindu BBM
Tu Arabidopsis L 8 ¢ Brassica napus inas
wradpanluszuznsnandnusle waziuae
(Boutilier et al., 2002) Lazwuindw EgAP2-1 lu
Urduinaii SfiaLﬂuﬁuﬁﬁ'ﬂagiumjmﬁmﬁuﬂm
fu BBM fnsugesaanlwitatfiaszozmanan
WSuvsTathduiingi (Morcillo et al., 2007) daan
Heidmann wazame (2011) lafinsnsuaadaan
2038% BBM 184 rapeseed (Brassica napus) Tag
a1saneduid1lu sweet pepper (Capsicum
annuum) Wujﬂﬁmimwjﬂmﬁ@mm%a
Tassaufinaoisauslouulugen wwwdsany
I8 Florez uazame (2015) 7iladnndn
BBM a3 Arabidopsis \11l4 cacao (Theobroma
cacao)

nslaauin EgBBM anniiteifasz o
globular kaz@sIARBUSIAUAIAA LB INGNY
gmﬁagaﬂuumﬁwﬁm‘”u Wuidu BBM §
@‘i'nmmi,wguuiﬂﬂwimﬁ 2 unslunthsusingu
fidaufiaaalalng 1,437 duwa lasysznaudas
8 UaNTa® WAL 7 wNIaw (Figure 2A) LA
gataszraalniidyndndsznaudae 479
nsaezdlu GeflasdUsznauvas AP2/ERF
domain (Figure 2B) Gyganaaaasnuanisanan
wihiwuindu sBMluRwfiadu 9 fesdsznau
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Table 1 Information of the sequences used in the evolutionary relationship analysis of BBM gene
from 18 plant species.
No. Common name Science Name Accession No.
1 Arabidopsis Arabidopsis thaliana NM_121749.2
2 purple false brome Brachypodium distachyon XM_003563300.3
3 rapeseed Brassica napus AB519821.1
4 oil palm Elaeis guineensis LC107815
5 rose gum Eucalyptus grandis XM_010050343.1
6 strawberry Fragaria vesca XM_011464031.1
7 physic nut Jatropha curcas XM_012218656.1
8 tobacco Nicotiana sylvestris XM_009771981.1
9 rice Oryza sativa HQ858843.1
10 date palm Phoenix dactylifera XM_00880537.1
11 castor bean Ricinus communis XM_002530982.2
12 sesame Sesamum indicum XM_011071620.1
13 foxtail millet Setaria italic XM_004965625.2
14 tomato Solanum lycopersicum XM_010325107 1
15 sorghum Sorghum bicolor XM_002437349.1
16 cacao Theobroma cacao XM_007014189.1
17 grape Vitis vinifera XM_002268647.3
18 corn Zea mays NM_001112598.2
Callus  Globular Torpedo Cotyledon Plantlet
EgBBM
EgEFQ1
Figure 1 Semi-quantitative RT-PCR analysis of EgBBM transcription levels in oil palm tissue

samples including; callus, globular, torpedo, cotyledon and plantlet. Oil palm

elongation factor alpha gene, EgEfcr1, was used as internal control.
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(A) e

ATG Stop

CDS ATGGACATGGACACTTCACACAGCTGGCTTGCCTTCTCCCTATCCTACCACCAGCCCTACCTCCTCGAGGCTCTCTCCTCCGCCCCTCCA 90
aa M DMDTSHSWILI AFSUILI S YHOQPYUITULEALSSAZPUP 3

CDS CATGGTGGGGGGGGGATGACGGCGGAGGAGCGGGGAGGATCGGCEGAGGTGGCGGOGATGGCGGTGGTGGGGCCGARGCTGGAGGACTTC 180
aa HGGGGMT AETERGGSAEVYVYAAMNMAYVYVGPKTLTETDTFP 6

CDS CTCGGCGGGTGTGGGGAACCGATGGGGCGETACGCTGGCGGCGAGACCGGGGATGCAGGGGGGATCTACGACTCTGAACTGAAGCACATC 270
aa L GGCGEPMGRYAGGETG GDA AGGTIU YDSETLI KH HTI 9

CDS GCTGCCGGGTACCTGCAGGGGCTACCAGCGACGGAGCAGCAGGACTCCGAGATGGOGARAGGTGGCGGCGCOGGOGGAGTCACGGARGGCT 360
aa A AGYLQGLUPATEOQOQD SENMARKTYA AA AP AES SR RIKA 12

CDS GTCGRAACCTTCGGCCAGCGCACATCTATCTACCGCGGCGTCACCAGGCATCGATGGACGGGGAGATACGAGGCGCACCTGTGGGACAAC 450
aa VETFGQR®TSIYRGYTRER®NTGRYEAHRTLSNDN 15

CDS AGCTGCCGCCGGGAGGGGCAGAGCCGGARAGGAAGGCAAGTCTATCTTGGTGGATACGATAAGGAGGAGARGGOGGCGAGGGCTTACGAT 540
aa S$ CRREGOQSRIKGRA QY YLGGYDI KTETEIZ KA AR ARATYD 180

CDS CTCGCAGCGCTCAAGTATTGGGGTCCGACCACCACCACCAACTTTCCAATCTCCAACTACGAGAAGGAGCTGGAGGAGATGAAGAACATG 630
aa E A AL K Y WG PTTT T NUZPFPPISNTYTERKELTETEMMTEKNDNM?Z20

CDS  ACACGACAGGAGTTTGTCGCATCGCTCAGAAGGAAGAGCTCTGGETTCTCCAGAGGCGCCTCGATCTATAGAGGGGTCACCAGACACCAT 720
aa T RQEBEFVASLRRIKS S SGTPSRGASTITZYRSGVUYTRBHHBEB 24

CDS CAACATGGACGGTGGCAAGCAAGAATTGGAAGGGTAGCAGGCARCARAGATCTT TATCTTGGAACCTTTAGCACGCAGGAAGAGGCAGCA 810

aa Q HG R WOQARTIGRYAGNI KDTLYULGTT FPSTO QETEA AA 27

CDS GAGGCCTATGACATTGCAGCAATTAAGTTTCGGGGGCTCAATGCAGTGACAAATTTCGACATTAGCCGCTACGATGTCARGAGCATAGCC 900

aa E A Y DI AATII KT EFROGILNAYTNTPFDTI SUR RYUDUVIEKSTIA 300

CDS AACAGCAACCTCCCCATTGGCGGGATGACAGGCCGGCCCTCCAAGGCCACAGAATCTTCGCCATCATCCTCATCTGACGCCATGACTGTG 990
N 8 NL PI GGMTGRUPSKATTES S SPS S S S DADNTZTV 33

CDS GAAGCCAAGCAGCTGTTGGACGGCCGGGATCCCTCGGCCTCACTTGGGTTTGCTGOGCTCCCCATTAAGCACGATCAGGACTTCTGGTCC 1080
aa E A KQULULDGRUDZPSASTLGTPAALZPTII KEHDA QDT FTWS 360

CDS TTGTTTGCACTCCAACAGCAGCAGCAGCAGCAGCAGCAGCAAAGTAATCARGCTTCAGGGTTCGGTCTCTTCTCCTCTGGTGTGACTATG 1170
aa L FALQQQQQQQQQQSNOQASGT FGTLTFSSGUV T M 39

CDS GATTTCTCTACAGCTTCTAATGGTGTTATAAGCCAAGGGTGTGGGGGGAGCCTTGTGTGGAACGGTGGTGTTGTGGGACAGCAGCARGAG 1260
aa DFSTASNGVISQGCGGSULVWNGGVYVY VYV GQOQOQE 42

CDS CAATCACAGAACAATAGTITGCTCTTCTATACCGTATGCAACCCCTATTGCATTTGGAGGGAATTACGAGGGCTCCAGCTATGTGGGGAGE 1350
aa Q S QNNSCS SIPYATZPTIAPGGNTUYZEGS S YV G 8 45

CDS TGGGTCACACCACCCCCCTCTTACTACCACGAACCTGCCAAGCCCAATGTGGCAGTCTTTCAGACGCCCATCTTTGGAATGGAATGA 1437
aa R YVYE®ER P RSESEYITHERAEREYAYEOOREIPRGNKE® 479

Figure 2 Characteristic of EgBBM gene. (A) Gene structure of EgBBM gene contains 8 open
reading frames of 1,437 bp and (B) Coding sequence and amino acid sequence of
EgBBM gene. Blue color highlight indicates the first AP2/ERF domain. Red color highlight

indicates the second AP2/ERF domain. Asterisk (*) refers to stop codon.

289 AP2/ERF domain tusauday 15% Lu N3ILATERAMUFNWTLTIT TN
Arabidopsis (Jofuku et al., 1994) W8 ¢ Brassica faufaaalalnavesdu BBM annioniviue 18
napus (Okamuro et al., 1997) THA TINIVISUINNUAIY WUIIFINITAULIS
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ANNFURUT LA 2 ngy A Group A LluiTly
Lgﬂ\‘l@; G91/sznaualy Arabidopsis (Arabidopsis
thaliana), castor bean (Ricinus communis),
physic nut (Jatropha curcas), cacao (Theobroma
cacao), tobacco (Nicotiana sylvestris), tomato
(Solanum lycopersicum), strawberry (Fragaria
vesca), grape (Vitis vinifera), sesame (Sesamum
indicum), rapeseed (Brassica napus) L8 rose
gum (Eucalyptus grandis) &% Group B W uN
luidssiden deUsznauday oil paim (Elaeis

guineensis), date palm (Phoenix dactylifera),

q1 Ricinus communis

Jatropha curcas

purple false brome (Brachypodium distachyon),
rice (Oryza sativa), foxtail millet (Setaria italic),
corn (Zea mays) Wz sorghum (Sorghum bicolor)
I@]m:wudwmﬁuﬁwﬁugm‘i’ﬂmjuagﬂumjuﬁﬂu
LéaaLﬁsaLLazﬁﬂawuﬂﬁwUﬂﬁamaw‘”uﬁqmmﬁ'u
date palm (Phoenix dactylifera) 1999 % (Figure
3) nnuai laugasinn s aswulasvesday
fedlalnduesin BBM lufinns 18 viia I
mmLmn@mﬁ‘uaamLﬁmwaﬁa:ﬁ'@nﬁiwaaﬁm
leag19%11Tofio wazATIAINIZULNIIIA

ﬁmwyjﬁaﬁﬁmmaagmﬁmu

Arabidopsis thaliana

Theobroma cacao

23 L
Vitis vinifera

Sesamum indicum

Fragaria vesca

99 Elaeis guineensis
[ Phoenix dactylifera

100 Setaria italica

Nicotiana sylvestris

Solanum lycopersicum

Eucalyptus grandis

55 Oryza sativa

Brachypodium distachyon

y dnoan

20 _{ Brassica napus
14

g dnoan

7 Zea mays

88 L Sorghum bicolor

P
01

Figure 3 The phylogenetic relationship of 18 plant species based on nucleotide sequences of BBM

gene using maximum likelihood methods with the MEGA version 6.06 software program.

The number below each line represents the robustness of the nodes by bootstrapping of

1,000 replicates. The species names and the GenBank accession numbers are as follows

(Table 1).
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HAWISHASSANLIN TN EgBBM Tuidw
Windnisrssunsuaaseanluitelfaszos
globular gqﬁ'q@ GﬁaLﬂuLﬁaLﬁ'aﬁaglmzmmi
Wawduusle nslaaudu EgBBM wuind
@‘hLLdeagquﬂﬂwIwﬁ 2 yudluuthdusinaiu
fidauiindlalng 1,437 dua lastsznaude
8 LANTAW WAL 7 DUNTOW WAZFILATIZHANY
Indwdndndsznoudie 479 nsaoxiilu 493
29fUT=nauve9 AP2/ERF domain LaLI1ANNT
FLATITAANNFUNUTLTITTauINITA2 8
seuindlalnduesin BBM anRavanua 18
7fia Wmf']m5uﬁ1ﬁ'ugnﬁ'@najuayﬂumjmﬁ°ﬂu
RIGe LLazﬁmmﬂé’wmﬂﬁomuw”ugﬂﬁuﬁ'u
date palm (Phoenix dactylifera) ﬂ’liﬁﬂﬂﬂuﬂ%ﬂ
fusasliifinindw EgBBM Sauiiaadaany
mimqumiﬁ’wmLS&IU%IasLmJﬁuﬁ'm”u ua
luamﬂmmmmﬁﬁﬁagaﬁvlﬁvlﬂLﬂuﬂ”a;&a
Hasduluns@nsnistuszozainsnam
WwsuusTelumsiwnzidoaitadothdusinai
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5. naansIndsznd

VOVOUA nuﬁmsﬁmﬁﬂm AKEAING-
AEAS URIINVIRULNBATANTAS (SCKUPGS)
UNIUNINUIBUAUBNITIY FOILTUIIY
LREWAUILAINRIANDIRULNBATATRAS
(KURDI) ﬁlﬁvguaﬁfuagumu%’ﬂuﬂ%ﬁ WAz
Y898UA™ Dr. Mya Thuzar Aledlwarnu
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