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Abstract
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Oil palm is an economics crop with its products currently in high demand and
necessary to quickly disseminate these elite genotypes by using marker-aided selection
genes that link to the yield. In our previous work, the genes encoding the heteromeric
acetyl-CoA carboxylase (ht-ACCase), EgaccA, EgaccB and EgaccC, EgaccD were found
to involve in regulation of the production of fatty acid and enhancing oil production. The
promoter of EgaccD was sequenced and analyzed. Transcriptional activators have been
shown to play important for regulation of fatty biosynthesis and oil accumulation in seed
or fruit of plant oil. In this study, we identified, annotated, and further characterized of
the transcription factor genes, NF-Ys and Dofs family, in oil palm. Then, EgNF-YA,
EgNF-YB1, EgNF-YB3, EgNF-YC, EgDof300, EgDof314 EgDof318, EgDof343 and
EgDof347 were cloned from mesocarp and leave oil palm tissue. The bioinformatic
analysis of EgNF-Ys indicated it encodes NF-YA/B/C subunits and revealed a
conserved domain of the NF-YA/B/C subfamilies. Phylogenetic tree analyses showed
closely to date palm NF-YA/B/C subunits and the other plant HAP2/3/5 subunits. While
as EgDofs were classified to Dofs protein family and closely to date palm and the other
DNA-binding one zinc finger transcription factor family in plants and found zinc finger
Dof-type signature and conserve domains of zinc finger Dof-type profile. Gene
expression patterns showed that most EgNF-Ys were widely expressed in different
tissues while as EgDofs was found have expression in a particular tissues. Moreover,
we found EgNF-YB1 have high expression levels in high accumulated oil which different
from EgDof318 that found decreased of gene expression in higher oil accumulation
tissues. Moreover, this research found that EgNF-YB1 expression level were shown

high in high oil yield cultivar and low expression level of EgDof318 in low oil yield



plants. In silico EgQNF-Ys -DNA binding results found that EgNF-YB1 and EgDof318
have highest DNA binding domains in EgNF-Ys and EgDofs family. Thus, we were
chosen EgNF-YB1 for DNA-Protein interaction enzyme linked immunosorbent assay
(DPI-ELISA). The result showed the binding of EgNF-YB1 protein and EgaccD promoter
was strongly interaction than the controls. Based on this results, enhance the
expression of the EgNF-YB1 gene possibly to be one of the methods to increase the oil
content and EgNF-YB1 and EgDof318 uses as a marker to assist selection of possible

high oil yielding cultivars in oil palm breeding programs.
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Iﬁlﬁ@ﬂﬁﬁ%ﬂﬂuméad automated thermal cycler GeneAmp®PCR system model 2400
LRIAIIVFOU @8 agarose gel electrophoresisc LLazﬁﬁmsﬁm%qw%‘Nawﬁmﬁ%miﬁa
UL AW LALEWEWIRE UAIATIVFALAALE WL QﬂNa:uLLazﬁﬂmﬁ%ﬁ'ﬂJmﬁdﬁmmm
wUaIna Lﬂﬂﬂiﬁ%ﬁgﬂﬁﬂﬂ@ﬂ@Ulﬁﬂ%"aa ABI PRISM 377 DNA sequencer (Version
3.2) uaz ABI PRISM " BigDye " Termination kit aanuuylwsiialaaumiianalalndidu
GETR uanzlalowasuvesiunmusasUsuunaians NF-Y was Dofs
2.2.4 MAUATMARATRYAGIBABNNILAT (Bioinformatics tools)
idauniihadleindidusuysal waazlalanasurasfunTinansUswunaiaas NF-Y
WaY
Dofs ﬁ"l,ﬁml,ﬂ%mmﬁwﬁ'm]”agamaaﬁmmsﬁu%ommsnﬁuﬁu"lﬁa’mﬁmmiﬂu
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WY 0.4-0.6 MNBWLLILAULTa I luraaanaaaduuwia 1.5 Iadaas USanas 1 48803

(7
o

A a o o o . . ' o & AA A A
LW@LU%Iﬂi@uﬂauﬂ’]ﬂ'ﬁTﬂu’] (non induce protein) @NIWILTARLUANLILNLRIDNINNA

|3 isopropyl-[3-D-thiogalactopyranoside (IPTG) Iﬁm’]mﬁwﬁuq@ﬁ’lmﬂu 0.05-0.1 daA
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maaﬂg@ﬁ'}m 5x HOT FIREPol® Blend Master Mix (Solis BioDyne) T ETIRI EPTee S
ﬂﬁﬁ%mlum%aa automated thermal cycler GeneAmp~ PCR system model 2400 Loyl
a1z Ae goannd 95 adenaaifoa a1 15 wifl Swan 1 30U annd 95 adm
WALBOE 1287 20 Aufl gunnll 55 sseuaaldus 1081 20 Tuh genil 72 aeen
WIALTEE 1980 2 W $IUIU 40 FOU QUNDE 72 AL TaLTuE 11aT 10 WINduIn 1
JoUuAzaMnNd 8 avaTaLBu s AIWNINLTINANAADANINLAZAIATIIFOUNANEAT 6
@28 1.5 % agarose gel electrophoresis ﬁ’mﬁmﬁmeﬁﬁvlﬁﬁqmﬁgﬁ 20 IFLTALTYE
mﬂﬁ?uﬁﬁmﬁm?qw%%umm?%maomﬁﬁm QIA quick PCR Purification Kit dax1vin
MIUNNEAS T b streptavdin-coated plates lastinluslaiaasnvinisinsiwin
wa2L809919 R T A N TNTY 2 pmol T TBS-T ﬂuﬁqm%gﬁ 37 a4AaalSoR LDuIan 1
2 lu9 #031¥NM3E9 3 ASIRIn TBS-T $1waw 150 lulasans Uudass 5% non-fat
dry milk 1 TBS-T ﬁ'qmﬂgﬁﬁaa {waan 0.50 Talug wasviinssesas TBS-T Usunas
150 1uTA380T $197% 3 059 ﬁnmia:msﬂﬂiﬁugﬂwawmmﬁﬂ%ﬂf*ﬁ;uLLWﬂma%’ NFY %38
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wnan 1 5alug n13ds 3 aseaas TBS-T d1wan 150 lulashas dewidiy antibody
(A-His-HRP antibody conjugate (Qiagen) 138979 1:1000 1w PBS-T) ﬂuﬁqm%gﬁﬁ’ad
Dwaan 1 52l ¥mIds 2 aseeas PBS-T150 lulasans uazdnedn 2 asids
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1781 30 Wi HaIINUWLAY stopping solution 10 lUSAfENTISasNEIRiANEIAAL 492

WLWLNAT LA 650 WAL WNLEAY a28LA3a9 ELISA-reader
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Nﬂﬂ’]iﬁﬂiﬁﬁ‘i’]@”ﬂﬁaﬂﬁiavlwﬁmawacmﬁjuﬁummaa?ﬂfuuwmmﬁ NF-Y
Namﬂﬂammzmém”uﬁ’mﬁiavlwﬁmmﬁun@uwswuaw?ﬂfuuﬂmma? NF-Y 31
ilalfialusawthdusingu E. guineensis 21y 2 1fau lawlfinafia RT-PCR Wasilm
fauiiealalng wasiSoufioy sraufinadlalnelas BLASTX wuiniduin NF-Y an
Undusingi 4 sUuwuuAadu EgNF-YA, EgNF-YB1, EgNF-YB3 uaziiu EgNF-YC land
saufaadlalndidusuysol (full length) 28484 NF-Y nthduiniuudazfuasuans
WA
SEgNF-YA
MATPVGYMMPPGHLETGHAVAQIAYPYVDPYYGGGFAGFGQTVFHPQMMGMQHPGYV
PLPTEAVEEPVFVNAKQYHGILRRRQSRAKAESENKLIKTRKPYLHESRHLHALKRARGC
GGRFLNSKSEGNQQNSISNSEGNQQNSNPSSEGNQQNSNSKFEENQKNGPKAAVSDD
KEKPVSLTNSDKSSLDNKPEATS
>EgNF-YB1
MAGSGTGGDHANYGGSSDGNPAAAAGQCSVREQDRFMPIANVIRIMRKVLPTHAKISD
DAKETIQECVSEYISFITSEANERCQREQRKTITAEDVLWAMSKLGFDDYIEPLSLYLQRY
RELEGDHRGSIRGEPLPTIRHRSPNPSTDVVPFFPQPPPPSFVVPPPSGPPHLNHLYGD
GAGGYYYGMYGGGDGSGASTSQDPPMPGFDHSYAPYKQ
>EgNF-YB3
MPDSDNESGGQNNSHNNNVGEYSSSREQDRFLPIANVSRIMKKALPANAKISKDAKETV
QECVSEFISFITGEAADKCQREKRKTINGDDLLWAMTTLGFEDYVDPLKVYLHRFREME
GDKCSAGASASSQPQHKDGGDGGGGGGGGAPSMGNNVVGLGGGGGGAGGMMMM
MGQQMYATPPSYHHHMSTMSGKSSMGGGSSASSSSPGFGRQGRYV
>EgNF-YC
MQSKYLGVTLVMEQPTQPSQPVMGGVTSAAQSAYTSPYQAAAMVTGAPAVIGAMPPGI
QLASTFPTNPHQLAYQQIQQKHQQLQAFWATQMANIEQSTDFKNHSLPLSRIKKVMKAD
ADVKMISAEVLVIFAKACEMFVLELTLRSWNHAEENRRRTLQKNDIAAAVAETDIFDFLVD
IPRAESKEEGSRIASAALPAISAQANSMPYYYVPPQDLVTGAEMIMGEPGDQSSTGAM
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lasanndayadrauninazdluaslsGuNF-y nnthduinuwudazfunuinlsdn
EGNF-YA (3Ufl 2), EgNF-YB1 (3Uf 3), EgNF-YB3 (31 4) waz EgNF-YC (31U 5)
sraunsaozdlufinandronnwiodiarefisouifisusraunsaszdluarsldsunsy
ClustalX version 1.81 wazldsunsy GENEDOC 2.6.001 @Tﬂgﬂﬁ 1 Warnsiinesing
iasdu "L@TLLﬂ'ﬁwmmmﬁmﬁfﬂmaIwLaqamaoIﬂiﬁu @1 isoelectric point (pl) LEAINAAI
Tuans197 1 lavdayasrauninazdluvaslisdiu NF-Y nthduinwldvinnm e ey
°1TaHaI@mEﬁ”ﬁd@1@UQﬁmaﬂﬂsﬁum’maﬂ%ﬂfmwﬂLma§ NF-Y uaz Dofs lusunsulu
udaya -TASSER L%'ﬂm?amLé”aLLazagJJ'Mi:MNﬂWﬁLﬂSW:ﬁWINLﬂa'ﬁmmzauﬁq@
I@mzﬂmsmwﬁ'mwmuymimuﬁ’;umaﬂmaa%ﬁaLmﬁmﬁ:ﬁ@hsl Ramachandran plot
Gavnlwlusunswaanlail rampage 38 PROCHECK Lﬁaﬁmﬁaﬂmmiﬁﬂmmﬁ'ﬁﬁq@
LLﬁ”Jﬁ’lﬂ’liLLﬁ@NNaIﬂida§ﬁdﬂaUQﬁmadIﬂiauﬂiﬁuaﬂ%ﬂ{uLLWﬂL(ﬂai{ NF-Y dralisunsy
PyMOL

d' o a a 6] al ] :/ [ = 1
AN 1 LEAITIMINIIAALa Nt nInaziln mmvmnmaimaqamao‘[ﬂmuua: fin

isoelectric point (pl) 22411364 NFY annuansings

Gene ORF Deduced Theoretical protein | Theoretical protein
length protein mol.wt. (Da) (pl)
length (aa)
EgNFY-A | 705 234 25507.11 8.89
EgNFY-B1 | 651 216 23549.13 5.45
EgNFY-B3 | 648 215 22467.85 6.30
EgNFY-C | 714 237 25777.47 5.37




EgNFYA
EgNFYB1
EgNFYB3
EgNFYC

EgNFYA
EgNFYB1
EgNFYB3
EgNFYC

EgNFYA
EgNFYB1
EgNFYB3
EgNFYC

EgNFYA
EgNFYB1
EgNFYB3
EgNFYC

* 20 *
——————————— ITSEVRN--ISDNS[E EQQKPAQPEIQHQASPTG QPGMATP———— GYMMPieGH
——————————— IAGE/GTGGDHANY[EESEDGNPARAAGQCSVREQDR ANVIR---—lIMRKV 'TH
——————————— PDEDN-----ES[EEONNSHNNNVGEY SSSREQDR ANVSR—--——-lIMKKATIEA
MOSKYLGVTLVEQPTQPSQPVM eVTﬁAAQSAYTSPYQAAAMVTGAP IGAMPPGI ASTFPTNP
M s gg s

* 80 * 100 * 120 *
LETGHAVAOTAYPYWDPMY GGGFAGEGOTVFHPOMMGROHPGYPLPTEAVEED NAKQYHGIL RIX
AKSISDDAKET I SEMISFITSEANZRCOREQR TAEDWLWAUSKIEGED EPLS NE
AKSSKDAKITV SEISFITGEAADKCOREKR NGDDIRLWANTTIEGEE NE
HOIEAYQO T{6,OKHO N0 WATQMANIE@STDFKN— PLSRMKKVIUKADADVK FARAC

2 6 5 6 6

140 * 160 * 180 * 200
QSRAK--AESENKLIKTRKPYLHESRHIEHALKRARGCGGREMNSKSEGNQONSISNSEGNQONSNPSS
LEGDHRGSIRGEPLPTIRHRSPNPSTDYVPFFPQPPPPS PPPSGPPHLN--------— YGDGAG

MEGDK--CSAGASASSQPOHKDGGDGGGGGGGGAPSMGN GLGGGGGGAGGMMMMMGQOUYATPPS
EMFVLELTLRSWNHAEENRRRTLQKNDEAAAVAETDIFD DITPRAESKEEGSRIASAMNEPATSAQ
6

* 220 240 *
EGNQONSNSKFEENQKNGPKAAVEDDKEKAVSLTNEDKSSLDNKPEATS @ 234
-GYYYCMYG———-—- GGDGSGASTEQDPP! -FDHEYAPYKQ-——-———-— 1 216
YHHHMSTMS———--- GESSMGGGSEASSSS)HE-FEGROGRV-—————————— 1 215
ANSMPYYYVP-—-—-— PQDLVTGAEMIMGE EDQSSEGAM —————————— r 237

31Jﬁ1 LLammiLﬂ%ﬂuLﬁﬂum@um@azﬁ‘[umaamaamﬁw‘[ﬂsﬁu NF-Y 37n118u

U

51
53
48
68

119
121
116
135

185
181
182
203



EgNFY-A

KMZ56430.1
EOY25498.1
KHF97629.1
ACU19519.1
XP 0022988
XP 0109054
XP 0087784
OAY79156.1
XP 0093973

EgNFY-A

KMZ56430.1
EOY25498.1
KHF97629.1
ACU19519.1
XP_0022988
XP 0109054
XP 0087784
OAY79156.1
XP 0093973

EgNFY-2

KMZ56430.1
E0Y25498.1
KHF97629.1
ACU19519.1
XP_0022988
XP_0109054
XP_0087784
OAY79156.1
XP_0093973

EgNEFY-A

KMZ56430.1
E0Y25498.1
KHF97629.1
ACU19519.1
XP 0022988
XP 0109054
XP_0087784
0AY79156.1
XP_0093973

EgNFY-A

KMZ56430.1
EOY25498.1
KHF97629.1
ACU19519.1
XP 0022988
XP 0109054
XP 0087784
OAY79156.1
XP 0093973

JUN2
U

14

SGPS
HSDECGREQONN
NEVN
INEIG
EDDG
SEAD
SGPS
SGPY
QGTD
SETD

* 160 *
AEPV————GYMMPPGHLETGIAV
AAQ-———-FIVPHGQLEMDPNAV()
T-——-NVPYATR-———- Q
P-—--NIPYTTS----- Q
ONV--NVOYAAPGOLGTG
P-—--NVQYATP-OLGAG
PV----GYMMPPGHLETG
PV----GYMMPPGHLETG

ROSRAKAESENE
ROSRAKAESENT
ROFRAKAESENT
ROSRAKAESERF
ROSRAKAESENF
ROSRAKAESENF
ROSRAKAESENF

YHGILR
YHGILR

DAVEEPVEVNAKQ
EOMMGCMOBIECVPL.PTIEAVEEPVEVNAKQ
Q
Q

YHGILR
YHGILR
YHGILR

GVPLPTINAVEEPVEVNAKQ

K
K
EOMMGCMOBIECVPL.PTIMAVEEPVYVNAK

EEPVEVNAK

H g Ge6g g6PLP3 a EEPVS5VNAKQYhGILRRRQsRAKAESenK

300 * 320

* 280 *

4 RKP YLHESRH HA6 RaRG GGRFén K

* 340 * 360 *
QNSNSKFEENQKNGPKAAVSDDEEKPVSLTNSDKSSLDNKPEATS ————————————————————
PPSSNESLRODSEENTTSAHNAQSSAGPSTNGEYLNNGMKAGNSH--—-—-—-----———————————

DAAS----- GDKSQSDINLNSDENEVASAEGTS = ——=——======—====—==————————————
DAAS----- GDKSQSNINLNSNESEVSSVEGTS - ——————==—==—=—= === ——————— -
DVAS-———- ADKSQSNININFNANDQTSSDRAS = ——————==———————————
GVAS--—-—-—- GSDGGAHN - —— = = — = —
QNSNSKFEENQKNGPKARYSDDEEKPVSLTNSDKSSLDNKPEAT S—————=——————————————
--SNSKFEDNQENGQIAAVSDDAEKPTSLLNSDKSSLDNEPEATS————————————————————

——-LNSQSHOQKQONEVSAIFAQEKM-REASDGKAGSPCAEAKCCKI - === =—====—=—=—=———————
EAASDDMAQRSDVPASDERSANKENTKLSSNRAEPSKVGDSDKLPVGNE-———————————————
k

ugaensilouisusaunsaasiluvasvaslds@n  EgNF-YA annthaasinaii

WisuifisunuldEmUEMIGU  EgNF-YANwuludzrfiaduniinnsmonulugiudays

NBCI

15
21
15
17
14
28
15
15
15
15

76
79
71
73
74
88
76
76
76
77

130
134
136
138
139
153
130
130
129
132

189
179
175
177
178
193
189
169
168
179

234
224
203
205
206
205
234
212
209
228



EgNFY-B1

EgNFY-B1XP
NnNFY-B1 X
SmNFY-B1_D
ToNFY-B1 A
D1LEC1like
LcLEC11like
JCLEC1 AEO
GMNFY-B1_ X
GMLEC1-A N
GLLEC1-B A
AiINFY-B3 X
AhLEC1-A A
AhLEC1-B A

EgNFY-B1

EgNFY-B1XP
NnNFY-B1 X
SmNFY-B1 D
ToNFY-B1 A
D1LEC1like
LcLEC11like
JCLEC1 AEO
GmNFY-B1_ X
GmMLEC1-A N
GLLEC1-B A
AiINFY-B3 X
AhLEC1-A A
AhLEC1-B A

EgNFY-B1

EgNEFY-B1XP
NnNEY-B1 X
SmNEY-B1 D
ToNFY-B1 A
D1LEC1like
LcLEC11like
JCLEC1 AEO
GmNFY-B1_ X
GmMLEC1-A N
GLLEC1-B_A
AiINFY-B3 X
AhLEC1-A A
AhLEC1-B A

EgNFY-B1

EgNEFY-B1XP
NnNFY-B1 X
SmNEY-B1_D
IONFY-B1 A
DILEC11ike
LcLEC11like
JCLEC1 AEO
GmNFY-B1_X
GMLEC1-A N
GILEC1-B A
AiNFY-B3 X
ARTEC1-A A
ARLEC1-B_A

EgNFY-B1

EgNEFY-B1XP
NnNFY-B1 X
SmNEFY-B1_D
ToNFY-B1 A
DILEC1like
LcLEC1like
JcLEC1 AEO
GmNFY-B1_X
GMLEC1-A N
GILEC1-B A
AiNFY-B3 X
ARLEC1-A A
ARLEC1-B A

* 80 * 100 * 120
—————————————————————— A -—-——————--GDHANYGG------------
—————————————————————— A ——————————-GDHANYGG------------
————————— MERGG-EHGYQRQHPKESE -~ - - ———--—-MMLSNISN---—---——--T
—————————————————————— TDAGEP——-———====—===AS——————————————-
—————————————————————— QHDPG----=-=-=—=--MDDFADRDR-----------=
——————— MLVYSELSELGLEWSHIL ——————————-LKLTEMNMK---------LS
——————— MLVYSELSELGLEWSHIL -—-———————-LKLTEMNMR---------LS
———————— MERGG--FHGYR-KIPTHiSEE - - - - -~~~ -—--LKLSEMNMR-------=-LD
__________________________________________________________ N
————————— METGG-FHGYR-KIIPNAI T8 -~ - -~ ------LKLSVSDM--------==-N
————————— METGG-FHGYR-KIPNI € -~ -~~~ ——~LKLSVSDM---—---—---N
————————— METGGGEHGYH-NPTH T}E -~ -~~~ ———~LKLSVS-----—---———-F
————————— METGGGEHGYH-NFPTITIE -~ -~~~ ~——~LKLSVS-----—---———-F
————————— METGGGEHGYR-NPTITIEE -~ -~~~ —-——-LKLSVS-----—---———-F

g
* 140 * 160 * 180

—TESRNSDDANCSSIREQDRFMPIANVIRIMRKVL
DHRDRGERDRE CNVREQDRFMPIANVIRIMRKVL

EINRSGGSGGSNNNK

MNMRQQQVASSDONCS
MNMRQQQVASSDQONCS
MNMRQQQVASSDONCS
MNMR---AVENNNTGS
MNMR---AVENNNTGS|

SERNEINAEPTIRHRSPN---PSTDVVPFEPQ

G YYGMYGGGDGS
G YYGMYGGGDGS
FRDVGS-—--—

LS—+
ENDGNANN---—
T EFNDGNANN--—
TRDPS————-——
TMVRETPP—————
TMVRETPP—————

T

5

g

BHAK T SDDAK
WHAK I SDDAK
BHAKT SDDAK
WHAK T SDDAK]
(HAKT SDDfEK]
ZHAKISDDAK

* 220
'REQRKTITAEDVLWAMSKLGFDDYEEPLSHY
'REQRKTITAEDVLWAMSKLGFDDYEEPLSHY

EQRKTITAEDVLWAMSKLGFDDYEEPLTMY
REQRKTITAEDLLWAMSKLGEDDYRWPLSEFLHKYRES
EQRKTITAEDILWAMSKLGFDDYIIPLTEYLHRYRE
' REQRKTITAEDVLWAMSKLGEFDDYEEPLTMY LAR YRE|
EQRKTITAEDVLWAMSKLGFDDYEEPLTMY LARYRE)
" REQRKTITAEDVLYAMSKLGFDDYEEPLTMY LARYRE|
EQRKTITAEDVLWAMSKLGEFDDYEEPLTMY LARYRE)
EQRKTITAEDVLWAMSKLGEFDDYEEPLTMY LARYRE)
EQRKTITAEDVLWAMSKLGEDDYEEPLTMY LARYRE]
EQRKTITAEDVLWAMSKLGEDDYEEPLTMY LARYRE)
EQRKTITAEDVLWAMSKLGFDDYEEPLTMY LHRYRE
EQRKTITAEDVLWAMSKLGFDDYEEPLTMY LHRYRE]
REQRKTITAED6LS5AMSKLGFDDYiePL3 5Lh4YRE

* 280 * 300
sPPSFVVPPPSGPPHLNHLYGD
sPPSFVVPPPSGPSHLNHLYGD

=A---AFHHHG----GFYG-VA
sA-—--AFHHHG----GFYG-VT
xAFHMSHHHHG----FFGGAAA
5P—-—-PFHHHN----GYEFGAAM
%P-—-PFHHHN----GYFGAAM
%P—-—-PYHHHN----GYEFGAAM
sQFHIGHHHHHPRPSGYYG--T
ZQFHIGHHHHHPRPSGYYG--T
sPFHIGHHHHHPHPSSYYG--T
p

GV----ATAF
GVA--ATSAFE
GVA--ATSAF
GVA--AASTE

* 340
————————— MPGFDHSYAPYKQ-— 216
————————— MPGFDHSYAPYKQ-— 216
——————————— ASFDPYAQYK--- 214
————— PYG-YK--- 175
——————— SYTVHK--- 178
-AMANGHEGGYAHDK-- 222
-AMANGHDGGYAHDK-- 224
———-ANG-ESFGQHK--- 226
———————— GISNAHEPNARSI---— 198
———————— GISNAHEPNARSI---— 223
HHHHHHHHHHARGISNAHEPNARSI---— 233
———————— SLAYA-EPNTQYK---— 226
———————— SLAYA-EPNTQYK---— 226
———————— SLAHA-EPNTQYK---— 225

121
121
141
114
121
142
144
149
122
147
147
143
143
142

178
178
184
152
157
186
188
197
165
190
192
195

194
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117 3 ulBauiauandunsnesd
9920971371 EgNF-YB1 a1n
UdutisiFeudeusuTy
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LUUAEALAULBL3 0 CAAT box
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EgNFY-B3

XP_ 0109061
XP 0087783
XP 0093889
KMZ70405.1
JAT64172.1
NP 0011477
OEL30294.1
ATIZ68337.1
ADL14487.1
AALA7206.1

EgNFY-B3
XP 0109061
XP_0087783
XP 0093889
KMZ70405.1
JATE4172.1
NP 0011477
OEL30294.1
AIZ68337.
ADL14487.
ARLA7206.

= e

EgNFY-B3
XP 0109061
XP 0087783
XP_0093889
KMZ70405.1
JAT64172.1
NP 0011477
OEL30294.1
AIZ68337.
ADL14487.
ARLA7206.

[

EgNFY-B3
XP_0109061
XP 0087783
XP_0093889
KMZ70405.1
JAT64172.1
NP_0011477
OEL30294.1
AIZ68337.
ADL14487.
ARLAT206.

e

sUN4
U
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2D S DNIESE G SHNNNV BREQODRFLPTANVSRIMKKALPANAKISKDAKETVQECVSE
Pl RImNisiefe ONWS HNNNV EREQODRFLPTANVSRIMKKALPANAKISKDAKETVQECVSE
PION] DNESGFQ S—NNNA EREQDREFLPITANVSRIMKKALPANAKISKDAKETVQECVSE

'REEDRFLPIANVLRIMKKALPANAKISKDAKETVQECVSE
QREQDRFLPIANVSRIMKKELPANAKISKDAKETVQECVSE

EREQDRFLPTANVSRIMKKALPANAKISKDAKETVQECVSE
EREQDRFLPTANVSRIMKKALPANAKISKDAKETVQECVSE
EREQDREFLPIANVSRIMKKALPANAKIMKDAKETVQECVSE
EREQDRFLPTANVSRIMKKALPANAKISKDAKETVQECVSE
EREQDREFLPIANVSRIMKKALPANAKISKDAKETVQECVSE
EREQDRFLPTANVSRIMKKALPANAKTISKDAKETVQECVSE
E 55 REGDRFLPIANVSRIMKKaLPANAKIsKDAKETVQECVSE

* 80 * 100 * 120 *
IREFREMEG]E K[GRy:e
FIT(E“DY”QP YPFTINGDDLLWAMTTLGFEDY ISANHLINE DINCSAG

IREREME G#K[SRIAE

O RI'REME Gl KigelSERISH)

8 K FREME GIAKIElesRi

O RI'RELEGIB KIERVERVSE)
IKERELE G2 KRNl

IS NNANE FIAMATGAA
IKFRE T EGIR REVAVASRST
|KFRE TEGI2 REVVSRSITIS TN
IKI'RE I E G RV T{E7e

I
SDYCQREYRYTINbDDLLWAMTTLbFEEY
SFITGE
SFITGE

140 * 160
QPQHK-———-—- DGGDGGGGGGGGAPSMENNVVGLGGEEEG——-AGG—M
QPOHK-—-—--- DGGDGGGGGGGGAPSMENNVVGLG
QSOYN-—-———- DGGDGGAGGG--APSMENNIVGFGGE®EG——-AGGMM
QPQOK-———-- DGGGG—————— VAMSMENNVSGEAS
QQKDG—==——- TGGSGYGGG——————— ESPATGIYGEEEG
S———————--——- SAHHPP———---—— HKDGSGLY

GPQPPLHRETTPSSSTHNGAGGPVGGY[EMYG—-—-G
GSGSQSQKETTP--ATHNGAGGPVG-Y|EMYGAGAG

PEMP--———————- RNNNNAAGYADYGEAGAATAPADEEM
POHL--———————— PDNN-ATGYADYGE-AAVPAPAREEM
TSAAS--TTPPQOOHTANAAGGYAGYA---APGAGPE®MM
g
200 * 220 *
-—--TiEPS--YHHHMS TS --G4SSMGGGSS———-————————————————
-—-TiEPS--YHHHMS TS5 --G4 5 5MGGGSS———-————————————————
———S5iEPS--YHHOMSTRITT SG2 S SMGGGGEGGGGG----GG

———-5)§PSSSSYHHHHOAMA
—-——-SS-TNAPYHHQTGES SGDEGCVKGGGGSGGGGEGMVTGNL
—-——AEPSSAPYHHOMAUG-——-———— GGAGS-——-—-——————————————————
-GSPEAASSGSYPHHOMAMGGYGGAYGYDEG——-————-———-—————————
-SPPAASGYPQPPHHOUMMGANGGAYGHGGG--———--—-——-—————————
—-SPPIEPO-QQQ-HOHOMAMGGEEAGEFPYHGGSGGGG
-SPREEQORQOQOHOHOMAMGGRAGEPYHGGSSGGG
—-SPREPPOOQQOOHHANAMGGENGGFGHHPGGGGGGE
P 6

waasnsilSeuisusaunsaasdluvesvasldsdn  EgNF-B3 annthausingw

wisuifisunuldséu EgNF-B3 iwuluizriiaduninismoaulugiudaya NBCI

65
65
64
65
65
65
59
59
59
63
62

130
130
129
129
130
130
123
124
124
128
127

178
178
176
175
166
159
172
173
163
165
171

215
215
223
220
218
189
212
217
207
212
219
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EgNFY-C
XP 0109416
XP 0087763
NP 0013068
XP 0093932
XP 0156275
XP 0066469
XP 0156443
Y aA V g aPAv
* 120 *
EgNFY-C ARNCOMENW TEOSTDEKNHSLP
XP 0109416 ARNCMENW TEQSTDEKNHSLP
XP 0087763 AICMIENS TEETINDEKNHSL P
NP 0013068 : AUNCIMINS T F) DFKNHSLP
XP 0093932 : N Y] CMBY TEQTTDFKNHSLP
XP 0156275 : N Y] CMNYTEQTTDFKNHSLP
XP 0066469 : N Y] CMNY TEQTTDFKNHSLP
XP 0156443 : s TEQOTTDEFKNHSLP
glg FWA g6 IE tDFKNHSLPL RIKK
* 180 *
EgNFY-C
XP 0109416
XP 0087763
NP 0013068
XP 0093932
XP 0156275 HEEENKRRTLOKNDIABAT
XP 0066469 HEEENKRRTLOKNDIABAT
XP 0156443 HEEENKRRTLOKNDIABAT
HtEENARRTLOQKND6AaAG6 TD65DE1V
200 * * 260
EgNFY-C &S A-EUMEEPGDOSSTGAM-—
XP 0109416 &S A-EUMEEPGDOSSTGAM-—

T-EUmLEKPVDETSTAAM-—

XP 0087763 : |nARERS|ifmoles

NP 0013068 : [IAASEINHNoEF
XP_ 0093932 : [REAMSENHADI(E T
XP_ 0156275 : |RERVASED IS,
XP 0066469 : |[RIAASED I,
XP_ 0156443 DL KER e 1 22

DG6PR e KeeG 6 a 1P

U s usasmunUSeuifisudaunsaeziiluvasveslusiiu  EgNF-C 9nthduidu
wisuifinunuldséin EgNF-C Anvludrsiiadundnminonulugiudays NBCI

Lf}aﬁﬂmﬁum‘ﬁlﬁmﬁﬂﬁmﬂumjuiﬂiau NF-Y 3nnthdusinsiuselisunsy PROSITE
wuinlUsdu EgNFY-A wuuSimdayfiuaasdysnsaiued NF-YAHAP2  subunit
signature Tuduntsvasgraunsaosilud 68 — 88 (FVNAKQYhgILRRRgsRAKAE) B9
LLamé’ﬂwm:mwnaﬁ'ﬂﬁmaﬂﬂsﬁu NF-YB/HAP2 \dudunisdsvangutaaninatds
CCAAT-binding  factor $8NINNHINVUULUHBLEAIAN I LUTAY NF-YA/HAP2
family profle lud1unitizasd1aunsa o:fluf 63-123 Ao
VEEPVFVNAKQYHGILRRRQSRAKAESENKLIKTRKPYLHESRHLHALKRARGCGGRFL

NS Tagdnuniiaf 68-91  (FVNAKQYHGILRRRQSRA KAESEN)wztdudunisanini

6l
6l
50
49
51
48
46
44

112
111
109
104
112
113
111
109

177
176
174
169
177
178
176
174

237
236
230
213
237
231
229
232
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Subunit association domain (SAD) Motiflun1saunulysdn 98-123
(LKRARGCGGRFLNS) aziiluduntbsausingd NFYAHAP2-type 14n133uny DNA (DNA
bind) TU36i1 EGNFY-B1  WUUSI e A fiuanddysnsoives NF-YB/HAP3  subunit
signature  luduniirassnauniaazSlud 67 — 83 (CVSEYISFITSEANERC) Gaiiu
FUAUIM I WD DINTIUEASUTUUANLABSNIN13S LS LWL promoter Unane@LEw
L@US1I0 CAAT box LeilUsdn EgNFY-B3 uaz EgNFY-C ifuvlaiLLam@‘hLmuJﬁnmmﬂ”ﬁy
fugasdyansoilaasideiiasnzddrdunsaoziludialdsunsay PROSITE
(https://prosite.expasy.org/) wanwulaidadineiéreunsaazdluveslysdu EgNFY-
Baseldsunsy Interpro (https://www.ebi.ac.uk/interpro/search/ sequence-search) W13
lugruniszossrauniaazilud 28-134 ugasuuuuruadnudn Histone-fold
homologous superfamilies %ﬁiﬂiﬁuﬂﬁjwﬁ%ﬁmﬁmﬁ’]muqwmmammadﬁuﬁLﬁ'mifm
HunInugunIausesldsdudalawiswdoinu  EgNFY-C Fawuludrunieas
greunsaesflud 67-182 AuaAILULLAWAINLITW  Histone-fold  homologous

superfamilies

3.2 Namiﬁmenﬁ’m”uﬁaﬂﬁlavlﬂﬁmaamaamjuﬁuﬂsﬁuaﬂ%ﬂ*‘ﬁ'ﬁuﬂﬂmﬁ Dofs
Lﬁ"a'ﬁﬁmﬂﬂamm:m@im"’uﬁaﬂﬁiavlﬂﬁmaaﬁun&jummaﬂ%ﬂfuuﬂﬂmm? Dofs 91N
iiaufieludauthduiingi E. guineensis 21y 2 \fiau lawldinafia RT-PCR Hataaud
ndlaIndlUilIoufisunugiutdoya NCBI lan BLASTX wudlds@iu Dofs anthau
$nsiu 5 JUuLUfa EgDOf300, EgDof314 EgDof318, EgDof343 wa: EgDof347 laudl
feuihndlalndidusuysol (full length) LaauNInaz S IuALanAInua IUFA IR
>EgDof300
MLSSWDNILPCPTRPVMVDRRWKPNVEIAPNCPRYDSSNTKFCYYNNYSLSQPRYFCK
GCRRYWTKGGSLRNVPVGGGCRKNRRGKSVRLSTVVPPDLSYGRRLSGQIRPDLALD
GMVGNSTGSVQSMDASTTTDGSTIDLALLYAKFLNQHPVVEPGLGVTELPGGIDESFDS
SGRQSDTNLNQQTPAPLPNQYNLVECQRVSEPIAEALLGDGDQQSIGNHDLPVDPSAYE
SAAFPTEGISSFLSSNCPGVPNLASEAANYQGFGSLQLEDSMALHQNLIVNDWSTMDYS
SLETFDWL

>EgDof314
MIQELLGGMVEERKISIPGSLLIDPSSSSSSSSSISSTSLSSASPSPSNTSEQQQNLRCPR
CDSSNTKFCYYNNYNLTQPRHFCKTCRRYWTKGGALRNVPIGGGCRKAKASPAIPSGA
SKSGGTKAKPSPPDLLARSGIIGGLEHELPSSPLFWASPHTSHLMALLRATTVQNPNPNP
PSSSTLNNSVRIKEDGAMIGTHMAADTVGALPSQGLSLDPLGQLPLAPCGSLWRNNNQY
AYQQQPQTQQLQQHSSNMLLGEVPSPAIQELYQRFKSSANYCNDQLQAVMSNVGLFG
FFYFFSYYRYDNNVIDCGY
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>EgDof318
MQDFQSIPGVSGRIFGGGGGGGGGGADVRRLRGYPAAAQQQPPVKCPRCDSTNTKFC
YYNNYNLSQPRHFCKACRRYWTKGGVLRNVPVGGGCRKTKRSSSSSSSKTSKSSSTT
GDGDKDSRRPSASRSSSDSSSLTAATTEASASASASASASVSASFPDSTLFASSQTSHP
NLSFDPPPQTVALDTLGHQAPEIFSQVAAGSSFTGLMATAATSPAVLGFNFSDPPPIRVG
PQQSPPKAAATLAEEIRMPGLMDQTAPVDLPPFHGRSGGGGGGLTGLDWPATVDPSLF
DLTSAVDPGAFWNQSHWGDADPSLYLP

>EgDof343
MLSRVLPYPPQRSLMAYHSWKPNMELAPVCPRCDSSNTKFCYYNNYSLTQPRYFCKG
CRRYWTKGGTIRNVPVGGGCRKNRRGKSARSQANHPTSLSNLIYDSHGLLDSDRSGHA
QHDGMRGSSHHSNKSELPPSEGSAIDLALLYTKFVNQCPVLNSDPAVPELPGEIMDESF
SVMGGASTSVMNQMPDQGLNQLGGWEITEARFENQMYPEDSNFSLDPGSSESVTFSS
EGVVTGNDVTASDCWTPQPMFPGFQPLLEDDMFHHQDLVIGDCHENADMFGFLQFTE
MQQLELQSRFKWQHFDSQPKRLRKRCSISRNESVCHSDAPIGSSKTTLLSDHLGL
>EgDof347
MIQELLGGALEERKISIPGSLLIDPSSSSSSSTSISSTSLSSNSSSPSTTSEPQQNLRCPRC
DSSNTKFCYYNNY
NLTQPRHFCKTCRRYWTKGGALRNVPIGGGCRKAKAAPAIAAGGTKFGATKAKPASTDL
LARSGIGGGLEHELPSGPILWASPHTSHLMALLRATSVQNPNPNTHSSPTLNSVRIKEDG
AMIGTCLAADKVSILQSQGLSLDPLGQLPISSNGALWRNSNQYAYQQQPQPQQMQQHS
SMFLGEMPSSGIQELYQRIKSSANYCNDQLQAVMSNVGCLDSTSSSATTTMTTTMGTST
ATSILEPIPLSAGGEFNYWNPALNWSDLPTTKGSFP

T,@;Jmﬂ"ﬁagmi'm”unwazﬁima\ﬂﬂiauNF-Y AnRNNBLA LI U8
fia EgDof300 (3U7 7), EgDof314 (U1 8) EgDof318 (3Uf 9), EgDof343 (3Uf1 10) uaz
EgDof347 (gﬂﬁ 11) fd1aunseesdluniuandrenuiladianeilSounsudaunsaazi
Tuaa811sunsy ClustalX version 1.81 wazlisunsy GENEDOC 2.6.001 WU etk
A A Aa A % @ ° ' Ao @

7 nynazdlunfanumilanns (conserved) fﬂ:u,ammmwnmuumuammLLa@aiugﬂ
A A o a 6 :‘T (3 U ) 1 g’ Cd A 1
N6 LHANINITNLATIZRHALD B IR "L@memmmm%uﬂmaiuLaqamaﬂﬂsmu @
isoelectric point (pl) uaAINaAilua3197 2 lastayasraunineziiluvaslysdu Dof 310
ma‘uﬁm”uayjluizmwmﬁmmzﬁﬁaQaimoa%mﬁﬂnﬂﬁmaﬂﬂsﬁumma@%ﬂfuuﬂ@
ma%wiﬂnmw‘lugnwﬁaga I-TASSER LLazan‘hmﬁmm:ﬁquL@aﬁmmzauﬁq@
I@ﬂﬁ]zﬁﬁmmﬂﬁmwmugstﬁmuﬁmmaﬂmaa%”wLLa:'fimﬂzﬁ@hal Ramachandran plot
dall
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~ o a a 6] a Y v a ,
AN 2 uRAITIWInTIAA LA INT naazdln mm%uﬂmahLaqamaﬂﬂmmm: @

isoelectric point (pl) 2241U36% DOF annLhausings

Gene ORF Deduced Theoretical Theoretical
length | protein protein mol protein
length (aa) | wt. (Da) (pl)
EgDof300 | 903 300 32875.61 4.94
EgDof314 | 945 314 34068.25 8.93
EgDof318 | 957 318 32799.16 8.75
EgDof343 | 1032 | 343 38387.90 5.99
EgDof347 | 1044 | 347 36930.42 8.83
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{ o Q =) 1 g/ = A
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LL&WLLUHLLN%@%LL%%Ga‘lgl;%'ﬂﬁma\‘l Zinc finger Dof-type signature WLz Zinc finger Dof-type
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40
67
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180
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247
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226
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XP_0201589
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EgDOF300
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EgDOF314

XP_0109083
XP_0216680
XP_0216319
XP_0120791
XP_0094190
ABF70015.1
XP_ 0087925
XP_ 0109418
XP_0205927

EgDOF314

XP_0109083
XP_0216680
XP_0216319
XP_0120791
XP_0094190
ABF70015.1
XP_0087925
XP_0109418
XP_ 0205927

EgDOF314

XP_ 0109083
XP_0216680
XP_0216319
XP_0120791
XP_0094190
ABF70015.1
XP_0087925
XP_0109418
XP_0205927

EgDOF314

XP_0109083
XP_0216680
XP_0216319
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ABF70015.1
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XP_ 0109083
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XP_0216319
XP_0120791
XP_0094190
ABF70015.1
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XP_0109418
XP_0205927

EgDOF314

XP_0109083
XP_0216680
XP 0216319
XP_0120791
XP_0094190
ABF70015.1
XP_0087925
XP_0109418
XP_0205927
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XP 0227378 43
XP 0072093 42
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XP 0102611 35
XP 0087889 55
PKA59820.1 63
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XP 0206917 H VNPP---———- LLRHPD----==———————————— PHOKLEDMT---———==—=———— SQD 218
OAY84779.1 LG SHPAPA-—————— PLOSQOQ---——————————————— PKSAADDAIG--=——=————— AQOG : 227
f
*
EgDOF318 G : 309
XP_0227378 T 313
XP_0072093 T 316
XP 0101016 T 332
XP 0102611 A 294
XP 0087889 G 312
PKA59820.1 G 298
XP 0206917 \ 262
OAYB84779.1 G 281
g 6dw W
EgDOE318 318 5Uf1 9 WSsuiisudeunsaezlluvesvadllsau EgDOF 318
XP_0227378 323 ¥ & o o = a o a a A a 4 da
XP_0072093 326 gpthauinadwdSaufisunulldsds DOF Awuludrriiedwnd
XP_0101016 342
Xp_0102611 303 psmenulugiudays NBCI
XP 0087889 321 & U
PKA59820.1 307
XP 0206917 271
ORYB84779.1 290
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EgDOF343 52
XP 0197084 52
A0T28202.1 : -MLSSHYEN 59
OAY65458.1 : -MLSSR-ES 58
XP 0206830 : -MFSPEDHRMESYA---TRSA 56
PKA53945.1 : MMFSPEDHHL#¥GYG---PRPV. 57
XP_ 0238819 : 37
OM082574.1 LCR---SRNL 46
OVA07159.1 PCP---PRPI 56
XP 0087997 PYP---LRRS! ) ¢ , Q 52

e aP CPRCdSSNTKFCYYNNYSL3QPR

100 * 120
EgDOF343 : { : 112
XP_0197084 : . WINNEKSARSQANHPTSLSNLIYDSHGLLDSDRS : 112
A0T28202.1 : A ! KSVRSMADTVAATRSSAAF-SHRENSPVR : 118
OAY65458.1 : N : 104
XP 0206830 114
PKA53945.1 110
XP_ 0238819 : 3 : 95
OM082574.1 : C CRRYW GG L GG -KSLRLPISDHHVKGLSCN-VVP-SDPMG : 103
OVA07159.1 : ¥ < -KSVRISTNRSSPGTSTYGGSLPGMDRLG : 115
XP 0087997 : \ WINNEVSARPOANHPASQSDLNYDSHGLPDSCRS @ 112
EgDOF343 : GHAQHDGMR S DLA| : 165
XP_0197084 : GHAQHDGMR- S \ : 165
A0T28202.1 : PDLLLEGMVG 1 \ : 175
OAY65458.1 : PDLALDGAV : 160
XP 0206830 : LDSGLRPD-- 166
PKA53945.1 : PESGLRPD- 162
XP 0238819 : HSFKGNSM- 143
OM082574.1 : HSYGNNNK- 155
OVA07159.1 : 1 175
XP 0087997 : NHAQHDGMP------- W - e 147

* 200 * 220 * 240
EgDOF343 : PG--—————————————- EIMDESFS-VMGGASTSVMNOMPDQGLNQLGGWEITEARFEN : 208
XP_0197084 : PG---------------- EIMDESFS-VMGGASTSVMNOMPDQGLNQLGGWEITEARFEN : 208
AOT28202.1 : ---—=-=-=---- VDTLSGSSDMSSRAQPPVRSGPNHDAFGELCGLASTEVGATMLQCADASA : 225
OAY65458.1 @ —=—===————= FDAFSG----SSQTQIQVOMPSLQDVE--MVTEAEAEAEAVQCSVAGHEV : 204
XP 0206830 : SFGFIGSVTAELSSSS-TPSTDMNCQTVSQADEGNLGFMASNCGMEESVV : 215
PKA53945.1 SFGPVGLGGAAVSDS—-—-———==——————— FGAMGELGVAVKSG----—-- T : 192

XP 0238819 : LPAGDHHENSTSEFSSVSNTNLNSS--TQL--ENGFFGCHASVSELPLEN---CVNTQMY : 196
OM082574.1 : LPS-PTEFDPSLEFSSLSNSNMDSS--IQIPEENGLMGCLT-RSDLSTENNHLSNNDQIY : 211
OVA07159.1 : LPR---EFNSSFEYSTISDPNHHESHNIQLTQEQCMVGSSLATSDPSPGT-QLSEGKQVFE : 231

XP_0087997 : PG-----=-—====---= EIMDEPFVSVMEGATNSAMNOMPGQGLNQLGGREITEALFEN : 191
* 280 * 300
EgDOF343 ! QMYP---——mmmmmmm e m e EDSNFSIEDPGSSESTFSSEGVVTGNDVTASD : 244
XP_0197084 : QMYP------———---------o————— EDSNFSIEDPGSSES)TFSSEGVVTGNDVTASD : 244
AOT28202.1 : QA-———————————————————————— LEELNFSWDQSCYDSEGLPTDGGDLILPSTWDQ : 260
OAY65458.1 : SC--———————-—————-mmmmmm oo FSSTDP-|YMSCCYEPSLPIEGVNNFL--TVNP : 236

XP 0206830 : FPRL-----—-——-———-—————-—-——— EYSSSMLPEMNGGDVESMNWGSVYPNMPWP-AQ : 251
PKA53945.1 : --EMSGEEV|EDSAG-DEJESVSFP-ACPNWPWPSAA : 225

XP70238819 : -HDTSNYG-fPPLPGEARIAS-QEVLWPSS----HQ : 232
OM082574.1 : YSGLESVSVQKHQDRSVL-—-—---—--— HETSNYPLIFPPLPGDEIES--QETILWSNSNSH-SS : 260
OVA07159.1 : LGDHQLDLNYKQQQVSRIPQFTNLETTNTSTFMLQPILHSEENVDLODNLWLNSPMLGSN : 291
XP_0087997 ! QTYA-———mmmm e DDSNFSEDPGSSES AFSSEGGVTGYDIPVSD : 227
* 320 * 340 * 360
EgDOF343 : CWTPQPMFPGFQPLLEDDMFH----- HQDLY/T{Ep -CHENADMFGFLOQFTEMQQLELQSRE : 298
XP70197084 : CWTPQPMFPGFQPLLEDDMFH-----HQDII(€8-CHENADMFGFLQFTEMQQLELQSRE : 298
AQOT28202.1 : EAKYEPFDSLPE-DNMSLQHN-- --GVT SSALSCQG===========———— 1 297
OAY65458.1 : TFGLQPFESFPELESNGFSHM-- --S9] SALEYCSDEMONWITISFQFGED : 287
XP7020683O : EQNLAVASTRVQQEIGSNHHF------ QF SSMDQSGFEAF-——=====—=—=—— 1 291
PKA53945.1 : EQHLGGFPPAAAAEVGTSHHY------ QD GSMDQAGFEAF-——====—=———— : 265
XP70238819 : MMVNHAFQETQ--LLGPEALD------ PNS SPFDLSRDDTF-——————————— : 270
OM082574.1 : VVMSQALQATQEPVLGPETHD--—-—--- PN SPFDLSSDDTESRT————————— : 303
OVA07159.1 : NFAWQAPSQLQG--FEPIVNDQSTVLHSN SSFDLPSYEAFPRQ--------- : 338
XP_0087997 : CWVAPPTCPGFQPLLEDDLFH----- HQD. SLDQFYS—=====—————————— 1 265
= =4 = >3 a)’
* 380 * 400 3UA 10 WipusudaunIaazdluuasves
EgDOF343 : KWQHFDSQPKRLRKRCSISRNESVCHSDAPIGSSKTTLLSDHLGL : 343 o o
XP 0197084 : KWQHFDSQPKRLRKRCSISRNESVCHSDAPIGSSKTTLLSDHLGL : 343 Iﬂsau EgDOF 343 mﬂﬂﬁumﬁu
A0T28202.1 : —--LEAALCRP-—=—==————————— e ———— : 305 ,
e YUUDDIWVE(RMe= = e e e e e e e e e e e e e e e e e e e e . =1 = Q- =l =4 = =Y =
e oa0aas | TympUSCRY 2T wSsuieunulys@in DOF Awuluizsiadn

PKA53945.1
XP 0238819
OM082574.1
OVA07159.1
XP_0087997

- Afimsmenulugutoya NBCI




EgDOF347

XP 0109418
XP_ 0087925
XP_0216680
XP_0120791
XP_0212741
POE98934.1
XP 0036351
ABF70015.1

EgDOF347

XP_ 0109418
XP_ 0087925
XP 0216680
XP 0120791
XP_0212741
POE98934.1
XP_0036351
ABF70015.1

EgDOF347

XP_0109418
XP_0087925
XP 0216680
XP 0120791
XP 0212741
POE98934.1
XP_0036351
ABF70015.1

EgDOF347

XP_ 0109418
XP_0087925
XP_0216680
XP_ 0120791
XP 0212741
POE98934.1
XP 0036351
ABF70015.1

EgDOF347

XP 0109418
XP_ 0087925
XP_0216680
XP_0120791
XP_0212741
POE98934.1
XP 0036351
ABF70015.1

EgDOF347

XP 0109418
XP_ 0087925
XP 0216680
XP_ 0120791
XP_0212741
POE98934.1
XP_0036351
ABF70015.1

EgDOF347

XP_0109418
XP_ 0087925
XP_ 0216680
XP 0120791
XP 0212741
POE98934.1
XP_0036351
ABF70015.1

ERK131 G 6L P 3sss S 3

SS
S§
SS
TS
TS
S
TT|
TT
SS

RNVPI
RNVPI
RNVPI
RNVPI
RNVPI
RNVPI
RNVPI
RNVPI

459 g G he6 S p WasSP

260
QS0
QSQGIESINE
IR TV HIMEN =N PH-—- S5 STLSEMWR! AADTVGH---AIENSQ
ISEPTVATG-AIENART
LTEQTTA---—-1ENPRT
S| MNEPAAVSTGAIENART]
MTEPVVSTG-TIENART]
T TSESGVGTGAVNIAR
9 AT eB): TVADPGGTPN-SHSPSLE
SHL6 LLRa3 NPNp s ns ke g 66G3h 1

* 300 * 320

8 POOMOQHSSM jUjers SIE OB .Y ORIKS S
8 POQMOQHSSM jViets MG 1 OR 1Y QRIKS S
,TQPLQQHSNM At S BRIE TORT. Y ORK S S|

ONNG-————— FL VoK TG TOET.YOREKS Sig¥s)
—ONGF-—-———— VS YOI SERIC TOET.YORER S SB
ONSHHQOONGE I WO TRERCE TOET.YORERS Sk

QIRAT.GA SPFWRNNNNNYSSS-YHHHHHHHQ@,SQP--QNDDMLIFE VTP SK— —EiKe DiR4e):

qq ©Q 3 gIQelLY04 45S nY

*
W

iSRRG ARG R -

* 360
TSSSATTTMT---TTMGTST
TSSSATTTMT---TTMGTST
SCSSATTAMTTATTTVGTGT

R e e T

___________________ A

gGE YWNP

347
347

326 o

327 n’mma’miug’mmaga NBCI
358

332

350
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336
317
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Lﬁaﬁﬂw’m%nmﬁﬁmﬁwﬁmﬂlumjﬂﬂiﬁu EgDof a1nisusinaiudaslysunsy
PROSITE wui1l13@% EgDof300 wmﬁnmﬁwﬁfyﬁuamé’muﬁﬂunfmaaﬂaimiﬂiﬁu DOF
IWBIniIdunIsfa ZF DOF 2 Zinc finger Dof-type profile @396UWTNUaISL
nTaasilun ﬁ 30-84 A8 PNCPRYDSSNTKFCYY
NNYSLSQPRYFCKGCRRYWTKGGSLRNVPVGGGCRKNRR (¥ thnlun mefild 56w
EgDof mﬂﬂﬁmi'm”uﬁﬂ 4 Tﬁﬂwuvlgm’nmﬂmgﬁﬂﬁmad Zinc finger Dof-type signature
W8z Zinc finger Doftype profile laEgDOf314 WULSIIE AT AUFaINTYSNH I8
ZF_DOF_1 Zinc finger Dof-type signature Tudruniinasgrauninazilud 59-95
(CprCdssntkfCyynnynltqprhfCKtCrRyWTKGG) WazWLHaNINIINLULULNBULRAINN TS
wa9lUsdu ZF_DOF 2 Zinc finger Dof-type profile TugnunisnassaunsaazSlud 57-
111 ) ] LRCPRCDSSNTKFCYYNNYNLTQPRHFCKTCRRYWTKGGALRNV-
PIGGGCRKAKA 11U5@% EgDof318 wuu‘%nma%m”qﬁuaméﬁya"nmﬁmm ZF_DOF_1
Zinc finger Dof-type signature Tudrunisvasdraunsaosdlud 46-82
(CprCdstntkfCyynnynlsqprhfCkaCrRyWTKGG) LR WULLUULLN LA anszadllsdin
ZF DOF 2  Zinc finger Dof-type profile ludnunisuasdraunsaozilui 44-08 fa
VKCPRCDSTNTKFCYYNNYNLSQPRHFCKACRRYWTKGGVLRNVPVGGGCRKTKR

11561 EgDof343 wmﬁnmém”mﬁuamé’tyé’nunimaa ZF_DOF_1 Zinc finger Dof-type
signature ludrunhivosdaraunsanazSluf 30-66
(CprCdssntkfCyynnysltqpryfCkgCrRyWTKGG) LA LU U LN WL E @ AnumrvaIlyTan
ZF DOF 2 Zinc finger Dof-type profile ludnunsisuassreuninazilud 28-82 aa
PVCPRCDSSNTKFCYYNNYSLTQPRYFCKGCRRYWTKGGTIRNVPVGGGCRKNRR

wazgarinelusdiu EgDof347 wuuSmEayAuaasdysnsoiuas ZF_DOF_1 Zinc
finger Dof-type signature Tudruniivasgraunsaaziluil 59 — 95
(CprCdssntkfCyynnynltqprhfCktCrRyWTKGG) RS U U N LR A AnuMzYadlUsAn
ZF DOF_2  Zinc finger Dof-type profile Tudunisvasdauninazilud 55-111 fa
LRCPRCDSSNTKFCYYNNYNLTQPRHFCKTCRRYWTKGGALRNVPIGGGCRKAKA n13%
#lus6u EgDof300ldwy ZF DOF 1 Zinc finger Dof-type signature a1aaztiugali
1136w EgDof300 ﬁ%ﬁﬁﬁ'msﬁwmﬁlLmﬂ@ho"[ﬂmnmjsﬂﬂsﬁu EgDof finuandsy

RPIENS

3.2 ﬁm:nmel,wmm”umil,l,amaaﬂmaaﬂa;uﬁummaa’%ﬂ“fuuﬂmma% Mnaia RT-
PCR

AN1IzAUNIURAIBENEW EGNF-YA, EgNF-YB1, EgNF-YB3 wasfiu EgNF-YC
lué"sazml,f:al,ﬁammhas] vasduthauinudae3s semi-quantitatve RT-PCR 311

Total RNA 500 wiluniu daodlwaweinduwznuiu EgNFy  laofifuanaigiu
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(internal control) W UABE® 78S rDNA WULINNSLEAIaaNVBIHW EgNF-YA, EgNF-YB1 ,
EgNF-YB3 Lazii EGNF-YC ﬁfuﬁmmamaaﬂlunﬂ%umuﬁmmﬁﬂmzmr?u f% EgNF-
YA winsui liwuindnmsusaseanvasdunluiloiasunativedna (mesocarp), Lhaluaa
o & o A o ¢ Aa A a
Tuaaina (kernel) 211 20 slainaINIARaanINduhaundeny 7 Dwouazldianm
i:@”ﬂﬂ'ml,amaaﬂmaoﬁuluﬂ%mmﬁamﬁq@Lﬁal,ﬁsmﬁ'u fiw EGNF-YB1, EgNF-YB3 Lac
EgNF-YC lwqﬂLﬁaLﬁaﬁﬁmmamaaﬂ@”\qﬂﬁ 12 NIRWUINTUSI N TuEAIaanTaIaY
EgNFY-B1 IuﬁmmmﬂﬁqmimﬁaLﬁaﬁazawﬁm‘“ﬂ@ﬂﬁ@hmmamaaﬂgaﬁqmlu
A A & = a AaA ) A =2 ' a o o ¢
Waldetunans Saduninandnwuiiaikunniga 39a1a91 EgNF-YB1 anusunus
ﬁ'uﬂ?mmﬁm“’uuamwa@”agﬂﬁ 12 daydlafdnunIsuandaanvadidn EgNF-YA, EgNF-
YB1, EgNF-YB3 uazfh EgGNF-YC annluﬂwﬁwﬁm"’umaaﬁuﬁﬁwawﬁmga (n=3) (FBIBNA
PaINTANugILasldnwaunzaisann) (kg/palm) UazdwNNANEAA (n=3) (F1UIUHAVDI
nzanudILacisiwInnzansias) (kg/palm) LWIsUBUNL 18S rDNA gene LiNa@AN®N
FNNUTVRIEU EgNFY AU Iacauiuwluaduwlanidunuin EgNFY-B1 13
Lm@aaaﬂqﬂum\jmaﬂuﬁuﬁlﬁwawﬁmqo (High Leave) annfigaiiiaifiuuny EgNF-YA,
EgNF-YB3 uaz8 EgNF-YC @al@yinny 1.01 + 0.12 1ummzﬁﬂ§juﬁuﬁ1ﬁwawﬁm‘h
& ' N ' ' @ &

(Low Leave) %fit EgNFY-B1 JA1NNTUEAI88NAININABNAIYNAL 0.28 + 0.03 Taidu
\ A \ . Ao o @ [ A A = A o
Anuaasaanfiienuuandsainadiudnn 693U 128 FINNANIIANEN LAHANA
NIEAUMIUFAIBBNYRY EGNFY-BT BinihnaziinaniugulSunawsiuuaznsasauhd
Tuautauiings

ﬁﬂmsz@”ummﬁmaaﬂmaonQ’uﬁumnuaﬂ%ﬂ“ﬁ'uuﬂﬂL@laﬁ?"uaoﬁu EgDof300,
EgDof314 EgDof318, EgDof343 W EgDof347 #2835 semi-quantitative RT-PCR 37N
Total RNA 500 #1lwnIw ﬁw@;"l,wmafﬁé%wwzﬁ'uﬁu Eg EgDof lasfifuu1asgin
(internal  control) LNiauAaiin 185 rDNA WUINULN8I8w EgDof314 EgDof318 Las
EgDof343 Ninsuaadaanvasinluitatiasinsila vegetative maaﬁumﬁm‘"ﬂgﬂﬁ 13
laafu EgDof300, waz EgDof347 wlainuinfinnsuaasaanvaiduluiitaifadiuadia
vegetative faNnladnsnnisuaadaanuaddnluiitaiiaTunansvadna (mesocarp) gl

o & @ A o ¢ Aa A A A
4-20 flaninasnsfaaananduwiduniany 7 Fwuindnmsuaadoanvadduianizin
EgDof300 EgDof318uas EgDof347 laayUSunmssaunisuaadaanwyadiis EgDof300,Las
EgDof347 #u3ualndiAvanulunnizozvasnathduinaiu lusmen EgDof318 In13
A ¢ ¢ o & a & o A

ugaiaananadilaanyvaInatauikHat AR TY G93U7 14

Wefnwniusaseanvesiiu EgDof318 nluthauthdusesdundnaniags
(n=3) (ﬁ‘hmuwamaammmqma:ﬁﬁ‘hmummmnﬂ) (kg/palm) URZAUNHANTAGN (n=3)
(FNWIBRATDINZANY AR AT WIUNEA8W08) (kg/palm) LUTBUNBUNY 18S rDNA
gene L NaANERNWUTVIdU EgDof318  nunitazaNidwluduiauiidunuin

EgDof318 fidniuaasaangslunguuasluduiliuaniadi (Low Leave) uanninfiga



Relative of EgNF-YA expression

Relative of EgNF-YB3 expression
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Walfisundudunlinandags (High Leave) AafldLvinfin 0.95 £ 0.18 uAz 0.64 + 0.06
o v A& ! Aa ' \ Ao o o % A A

amuiaudidudiniuaasaaniienuuandeaiieday  a93UN15 GINNA
=1 dl 9’&/ 1 L g Qq// 1 = 1 1

nafnmfldiaiadinzauniuaadaanyad  EgDof318 Hu1aziiniiniuquainade

USUN NN WA NN IR RN WAL S NN

3.3 uanavhwslassaivadugiivesliséiu EgNFY uaz EgDof nsuing
ﬁ]’mmiﬁm’lﬂimda%m@ﬂgﬁua:@‘hLmﬂ,mﬁﬂmiﬂﬁ'fuﬁu Ligand 6199 va3
11561 EgNFY waz EgDof laaltldsunsy I-TASSER wuinlus@u EgNFY-A, EgDof300,
EgDof314, EgDof343 was EgDof347 Lifidumian1ssuniu DNA asusadlua1snd 3
uae 4 lupmeilisén ENFY-B3, EgNFY-C uas EgDof318 S6umnikan13suny DNA
1w 2 dunid luwmeAlds@n EgNFY-B1 §61union13susuniu DNA gaﬁq@ﬁa

FNUI% 2 LIRS m"'mamiugﬁﬁ 16 WAz 17

02 1
0.18 - ha-
0.16 o
21
0.14 T @ T
012 O los B
01 (o3
x
0.08 o [
0.06 E 0.4
0.04 -
0.02 E 2
0 % 0
A & 3 A ) Q @
& e & gé,& & & in] & o < & & &
© & ¢ « s o5 ke ) &5 ¥ & o &
=
=
©
[5]
o
0.9 1.2
08
c |
0.7 o
0.6 I B |os
os 4 D
a |os
0.4 X
P 1oa I
03 O
02 >I- 02
0.1 w
2
0 LE) 0 !
S A > Q @ © & & R e g
N & ‘,a‘é f & & 5 @ Pes & 54-“ & &
& & « «* & o| & « < &
A A &
« = DS
©
[0}
o

3UN 12 usaTzauMIURasaanvastin EgNFY  lwiltaiiadiud1eg vasthduingdu
ALHa2835 Semi-quantitative RT-PCR laglfluUsunss Quantity One tSautfisuny

18S rDNA ﬁ‘lf*ﬁl,ﬂué'amuqu
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35

25

2
1.5 i " |
0.

0 --h __-.ﬁ i

Ly L-O  Meristem Root L-O Meristem Root L-O  Meristem Root

EgDof31 4 EgDof31 8 EgDof.‘M 3

-

(2]

UM 13 ugaITzAUMIURAIBanTaIdn EgDof314 EgDof318 Waz EgDof343 luiitaiiia
#IUA19 9 VaIUENEAIBILATILRA2187T Semi-quantitative  RT-PCR lagltldsunsu
Quantity One Lu/3uuLfinuny 18S rDNA flfidudraiuga

12

-

o
®

(=]
o

=]
'S

o
()

2 weeks 3 weeks 4 weeks 5 weeks 1 week 2 weeks 3weeks 4 weeks 5 weeks 1 week 2 weeks 3 weeks

EgDof314 EgDof31s8 EgDof347

JUN 14 uFAITTAUNIUEAIBANYRIHW EgDof314  EgDof318 unz EgDof343 lulitalila
a9 9 2a9t8uInNuIaNERa183% Semi-quantitative  RT-PCR lasldldsunsu
Quantity One Lu/3suLfinuny 18S rDNA flidudrnuga

4 weeks

5 weeks
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08 -

06 -

0.4

0.2 -

0

Low Leave High Leave

U7 15 uaaeszaunIuaadaanvaiu EgDof31s luiitatialuthduindiuvesdund

HANAAFY (High Leave) Waz@uNHANAAd(Low Leave) @835 Semi-quantitative RT-
PCR uaziiamz#enolusunsn Quantty One LWSsuifisuny 18S rDNA Algiduan

ﬂ?UQN

AN 3 UEAINAINWIEE LA lUATUNINILUAL DNA 2a9ldsdu EgNFY aanthaw

i
Gene ORF Deduced Theoretical Theoretical Predicted DNA
length protein protein mol protein binding
length (aa) wt. (Da) (pl) Domains
EgNFY-A 705 234 25507.11 8.89 None
EgNFY-B1 651 216 23549.13 5.45 5
EgNFY-B3 648 215 22467.85 6.30 2

EgNFY-C 714 237 25777.47 5.37 2
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TN 4 URAIHATINWIEF LRI IUN1TUNTNIVAY DNAZaslUsAM EgDof anthau

DRPIEN)

UM 16 WEAINMIFwERINANIulasiasanifvalusdn EgNFY-A EgNFY-

B1 EgNFY-B3 uaz EgNFY-C laaldsunsy I-TASSER uazuaadnaselisunsy PyMOL
LENIRNT AT INIIURASUTUUA NI 0T UaZAN RN IO TUNINSLAL Ligand 6199

2a9ls6n
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EgDof 318 g hde"

gﬂ‘ﬁ' 17 wgasmITnwswinfinsrulessaosudauasllsfiu EgDof300, EgDof314
EgDof318, EgDof343 uay EgDof347 laglusunsy I-TASSER Uazlaaduas e lusunsy
PYMOL uaauaniauasnsuansUsuunniaaiuazanusunsalunisuninsuny Ligand
@99 20911560

3.4 @nEaNNTINzvaIldIin EgNFY-B1 nwansUtwunataaslunsunulysly
\A0389 EgaceD nihduinguwhduingueau3s DNA-Protein Interaction — ELISA
(DPI-ELISA)

favhnslaandu EgNFY-BT uaz EgNFY-B3 landuitaniaas pET-28A Lile
nAaldsfugnuanaindranudt limansanszduldlnimwialsdugnuas  EgNFY-B1
uaz EgNFY-B3 luuuafliSy E. coli muwug BL21 (DE3) "l@TLfiaﬂi:@juﬁ’m 0.1 mM IPTG
@ﬁifu?iavl,ﬁﬂ@aauwammﬁmiﬂiﬁugﬂwau EgNFY-B1 iRpsunssauludiunied lean
myanzidayalasaiiafonives EgNFY-B1 davlusunsulugiudays I-TASSER
wuiinsaeziluvas  EgNFY-B1 FUWNIIT 43, 55, 56, 57, 58, 88, 89 WAz 90 G
@iﬂLL%ﬂdﬁﬁﬂﬂiﬂ”ﬂﬁumﬂﬁlﬁmawa@ﬁgﬂﬁ 18 Gaiflavinnsidnlaaudidsusiuin EgNFY-

B1 W10 183 iux LaALAaT pET-28A Lﬁawﬁmiﬂiaugﬂmau lunuaiitsy E. coli Gt
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BL21 (DE3) "L@Tijaﬂi:@u@Tm 0.1 mM IPTG ifuwu*jwmmsnwﬁmm:ﬁm‘%qﬂﬁﬂiﬁu
Puatszanm 7 Alaaasuld aanusslenasevantifvemugasUsuunniaeues
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ABSTRACT

EgNFYB1 is transcription factor that involved in the oil synthesis in plants. In this

study, EgNFYB1 gene was isolated from mesocarp of oil palm (Elaeis guineensis Jacq.),
contained 651 bp encoded 216 amino acid. The amino acid sequence analysis of
EgNFYB1 showed highly similarity compared with NFYB1 protein date palm. The
secondary structure of EgNFYB1 was predicted and showed 10 sites of helices and 11
sites of beta strand. Additionally, EgNFYB1 encodes a HAP3 subunit of the CAAT-
binding factor. The binding of EgNFYBT protein and EgaccD promoter was strongly
interaction. EgNFYB1 gene was highly expressed in mesocarp tissue and high yield
leaves. Moreover, the unknown young leaves from different trees were analyzed for
their level of expression of EgNFYB1 considerable variations were observed. These
result indicated that the EgNFYB1 expression may be related to the ability of the palm
tree to accumulate oil. Therefore, EgNFYB1 might be used as a molecular marker

during the breeding program for producing high yielding oil palms.

Introduction

Oil palm is the most productive oil crop which plays a key role in meeting
current and future demand for vegetable oil. Global demand for plant oils is increasing
rapidly and estimated to be doubled by 2030. In order to meet the growing demand, it is
necessary to increase plant oil production without expanding plant acreage and improving oil yield.

To speed up the process of crop improvement, one approach is by engineering of key
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enzymes required for oil biosynthesis (Tester and Langridge 2010; Varshney et al.,
2007). Because oil synthesis is a highly coordinated process that involves carbon
metabolism through the FA synthesis pathway, the manipulation of a single gene may
not be an efficient approach to significantly increase seed oil content (Thelen and
Ohlrogge, 2002; Cahoon et al.,, 2007; Weselake et al., 2009). Plastid pyruvate kinase
(PK), pyruvate dehydrogenase (PDH), and acetyl-CoA carboxylase are key enzymes for
fatty acid synthesis and are regulated by transcription factors (Baud, et al., 2009; Baud
and Lepinec, 2010). Transcription factors (TFs) are important regulators of gene
expression that act by binding to plant-specific cis-regulatory elements in the promoter
region, thereby activating or repressing the transcriptional rates of their target genes
(Wray et al. 2003). The CCAAT box, a common cis-acting element in promoters and
enhancer regions, exhibits a specific pattern in transcripts specific for several shoot cell
types. The CCAAT box core motif is present in many genes that are co-expressed in
specific leaf cell types and is flanked by a sequence specific for each leaf cell type,
suggesting it has functional significance (Jiao, et al., 2009). The CCAAT-box is a cis-
acting element that is often found in the gene promoters of higher eukaryotes and is
essential for the transcription process (Mantovani, 1999). In most species, the CCAAT-
binding factor, also known as Nuclear Factor Y (NF-Y) or Heme Activator Protein (HAP),
is composed of three subunits, NF-YA (HAP2), NF-YB (HAP3), and NFYC (HAP5), and
is present in all higher eukaryotes (reviewed by Laloum, et al., 2013). NF-Y members
have been identified in several plant species, including model plants. To achieve higher
oil content, molecular strategies were employed to identify regulators of plant embryo
development, which have been found in several classes of genes involved in this
process, such as NFYB1 (LEAFY COTYLEDON 1), L1L (LEAFY COTYLEDON1-LIKE),
LEC2 (LEAFY COTYLEDON 2), and WRINKLED (Lotan et al. 1998; Kwong et al. 2003;
Lee et al. 2003; Yazawa and Kamada 2007; Mu et al. 2008). The NFYB1 gene encodes
a transcription factor homolog belonging to the CCAAT box-binding factor HAP3 subunit
of the CCAAT box-binding factor that binds speciﬁcally to DNA fragments containing
CCAAT and CAAT sequences (Gusmaroli et al., 2001; Kusnetsov et al., 1999; Lotan et
al., 1998; Yazawa and Kamada, 2007).

Previous work, the genes encoding the heteromeric acetyl-CoA carboxylase (ht-
ACCase), were found to involve in regulation of the production of fatty acid and
enhancing oil production especially EgaccD. Which, their promoter was composing of
five CCAAT box-binding domains (Nakkaew, et al., 2008, Nakkaew, et al., 2014). This

project aims to identify and functional characterize of the NF-Y gene family in oil palm.
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That might regulate the expression profile of ht-ACCase and plays the important role in
fatty acid and lipid synthesis pathways. Firstly, a subset of NF-Y family genes was
cloned and analyzed using bioinformatics tools. Although, expression profiles of all NF-
Y family genes were demonstrate. Furthermore, yeast one-hybrid and DNA protein
interaction (DPI)-ELISA were estimated DNA binding specificity for defining CCAAT box-
binding in oil palm gene promoters. Finally, over-expression of NF-Y family genes in
transgenic callus and the expression of a subset of genes involved in fatty acid and lipid
biosynthesis were analyzed. The information obtained from this study will provide
important knowledge regarding the functions, characterization, and functional regulation
of NF-Ys genes that will be the first step to do the metabolic engineering of the key
enzymes required for oil biosynthesis and provides a practical approach for the genetic

improvement of oil palm.

2. Materials and methods

2.1. Cloning and vector construction

Plant materials and total RNA isolation Mesocarp tissue was excised from E. guineensis
fruits. Total RNA was extracted from 100 mg of mesocarp tissue using total RNA mini
kit (Plant) (Geneaid) according to the manufacturer's instructions. The contaminated
genomic DNA was removed by DNasel treatment. The total RNA obtained was used as
a template for cDNA synthesis.

2.2 Isolation of EgQNFYB1 cDNA clones

A 210 bp partial sequence EgNFYB1 was selected from the EST library. A full-length
cDNA was generated by rapid amplification of the cDNA ends (RACE) using the
GeneRacer Kit (Invitrogen Corporation, Grand Island, NY, USA). Five micrograms of
total RNA from the mesocarp was dephosphorylated, decapped and ligated with the
GeneRacer™ RNA Oligo according to the manufacturer’s instructions. Amplification of
cDNA was carried out with the GeneRacer™ 3' primer and 3'INFYB1 primer (Table 1).
A second amplification was performed with the Nested primer provided in the kit and a
reverse nested primer designed to target the EgNFYB1 nested sequence, 3'2NFYB1
primer (Table 1). The PCR products were separated by electrophoresis on an agarose
gel, purified using the QlAquick PCR Purification Kit (Qiagen) and ligated into pGEM-T

Easy vector (Promega, Madison, WI, USA) for sequence analysis.

2.3. Sequence analyses and phylogenetic relationships
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EgNFYB1 sequences were compared with the database using the BLAST network
service (http://www.ncbi.nlm.nih.gov/BLAST/). The potential functional motif of
EgNFYB1 was then predicted by PROSITE using network protein sequence analysis
(http://www.expasy.org/tools/). A phylogenetic tree was constructed according to the
neighbour-joining method using the PHYLIP package (Choi et al., 2000). One thousand
bootstrapped data sets were generated with SEQBOOT. Subsequently, PROTDIST
generated a distance matrix, which was used to calculate distance trees, and the
Kimura model was used to generate an unrooted minimum distance tree. The distance
matrix output file from PROTDIST was then used in the neighbour-joining program to
build the tree, and the jumble option was activated to evaluate a different order of the
input data. The option of global arrangements was used to incorporate an additional
search for the best tree. Finally, the output tree used the Consensus program to make a
consensus tree, and the tree file was displayed using the program TREEVIEW (Ver.
1.6.6) with data aligned using the ClustalX 2.0 method (The European Bioinformatics
Institute, Saffron Walden, UK) (alignments were shaded), and the conserved regions
were identified using GENEDOC.

2.4 Modeling analysis

Modeling of the homology of the 2Dstructures was performed using the ProFunc
software packages (http://www.ebi.ac.uk/thornton-srv/databases/profunc) (Laskowski et
al., 2005) and the 3D structures of EQNFYB1 was then predicted by I-TASSER network

service (http://zhanglab.ccmb.med.umich.edu).

2.5 Preparation of recombinant EQNFYB1 protein

RNA was extracted from mesocarp tissue of E. guineensis using Total RNA mini kit
(Plant) (Geneaid) according to the manufacturer’s instruction for amplified 183 bp of
EgNFYB1 gene which cover the active site of gene.Total RNA from the mesocarp was
used for RT-PCR with one-step RT-PCR kit (Qiagen, Hilden, Germany) according to the
manufacturer’s instructions using NFYB1-BamHIF and NFYB1-XholR primers (Table 1).
The reaction was started at 50 °C for 30 min followed by an initial PCR activation step
at 95 °C for 15 min, then 35 cycles at 94 °C for 1 min, 55°C for 0.5 min and 72 °C for 1
min. The program was terminated by a 10 min incubation step at 72 °C. The RT-PCR
products were separated by electrophoresis on an agarose gel, purified using the
QIlAquick PCR Purification Kit (Qiagen) and ligated into pET28a and transformed into E.
coli BL21 (DE3). The addition of 0.1 mM IPTG was used to induce the expression of the
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recombinant protein, the protein was harvested as described by Favacho (Favacho et
al., 2006) and purified using the Ni-NTA Agarose (Qiagen) for DPI-ELISA assay
2.6. Genomic and Preparation of ds-bio DNA probe

Genomic DNA was extracted from mesocarp using a Genomic DNA Mini Kit
(Plant) (Geneaid) according to the manufacturer's protocol and was used as a template
for probe preparation of EgaccD promoter (Nakkaew, et al., 2014) and EgLEA4
promoter (Hualkasin, et al., 2013). The PCR with one 5 biotinylated primer and non
biotinylated primer were: accDF and accDR primers (Table 1) for the accD promoter
probe; and LEA4F and LEA4R (Table 1) for the LEA4 promoter probe. PCR conditions
were as follows: 95 °C 5 min, 35 cycles of 95 °C 10's, 50 °C 20 s and 72 °C 1 min; and
72 °C an additional 5 min. To conﬁrm speciﬁc binding of EQNFYB1 transcription factors
to DNA probe, CaMV 35S promoter of pBl121 vector was ampliﬁed as a control using
the CaMVF and CaMVR primers (Table 1) for the CaMV 35s promoter probe. The PCR
conditions was the same as described above. The PCR products were separated by
electrophoresis on an agarose gel, purified using the QIAquick PCR Purification Kit
(Qiagen) for sequence analysis and DPI-ELISA assay. The CCAAT box sequence
analysis by PlantPAN program (http://plantpan.mbc.nctu.edu.tw).
2.7 DPI-ELISA
The EgNFYB1 proteins binding to promoters were determined using the DPI-ELISA
assays were performed as described (Brand et al., 2010). Promoter biotinylate probes
were bound to Streptavidin Coated 96-Well Plates (Thermo Scientific) for 1 h at 37°C.
The wells were blocked with 5% (w/v) non-fat dry milk in TBS-T buffer (20 mM Tris-HCI
pH7.5, 180 mM NaCl, 0.1% (v/v) Tween20) for 30 min, and then incubated with 100 ng
of EgNFYB1 protein for 1 h. After incubation, the wells were washed 3 times with TBS-T
buffer, and then were incubated with 1:1000 diluted His-HRP antibody conjugate in
PBS-T buffer for 1 h. The wells were then washed twice with PBS-T and PBS buffers,
respectively, after incubation. The protein binding was detected by adding the OPD
solution (zymed laboratories Inc.), and the reaction was stopped by 2N HCI. The color
extinction was measured at 492 nm, using 690 nm as a reference wavelength in the

ELISA reader.

2.8. Semi-quantitative RT-PCR
Total RNA was extracted from samples of E. guineensis leaves, other vegetative
tissues, such as mesocarp , kernel of E. guineensis fruits 26 weeks and leaves,

cotyledon, stem and root of E. guineensis 1-year-old and samples of less than 1-year-
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old E. guineensis leaves using a Plant total RNA mini kit (Geneaid) according to the
manufacturer's protocol. RT-PCR reactions included a total of 500 ng RNA as the
template, one-step RT-PCR kit (Qiagen, Hilden, Germany) according to the
manufacturer’s instructions. (Qiagen).The reaction was started at 50 °C for 30 min
followed by an initial PCR activation step at 95 °C for 15 min, then 30 cycles at 94 °c
for 1 min, 52°C for 0.5 min and 72 °C for 1 min. The program was terminated by a 10
min incubation step at 72 °C. RT- PCR was performed to amplify a 133 bp fragment of
EgNFYB1 using NFYB1F and NFYB1R primers (Table 1). To confirm tissue-speciﬁc
expression of NFYB1gene, 540 bp of E. guineensis 18S rDNA was ampliﬁed as a
control using the 18s rDNA-speciﬁc primers, 18s rDNAF and 18s rDNAR primers (Table
1). These RT-PCR products were separated by electrophoresis on a 1.5% agarose gel,
visualized by ethidium bromide staining and photographed using the Image Analyzer
Gel Doc 1000 (Bio-Rad, Hercules, CA, USA). The expression levels were analyzed with

the Quantity one program, and statistical analysis was performed using SPSS.

3. Results and discussion

Characterization of EQNFYB1

The oil palm ESTs related to oil synthesis included EgNFYB1.This protein have been
reported to be involved in fatty acid pathway. For example, NFYB1 gene act as key
regulators to coordinate the expression of fatty acid biosynthetic genes and
overexpression of AtINFYB1 gene resulted in a dramatically increased level of FAs in
the transgenic Arabidopsis plants (Mu et al., 2008), seed-specific overexpression of
maize NFYB1 (ZmNFYB1) resulted in an average 48% increase in seed oil (Shen et al.,
2010), Conditional expression of BnNFYB1 increases the seed oil content by 2% (Tan
et al., 2011). In this work, we pursued functional studies of the EQNFYB1 in oil palm (E.
guineensis). The 210-base pair (bp) fragment, a set of gene specific primers was
designed to obtain the 3' ends using a 3' RACE protocol. The cDNA of the EgNFYB1
gene from oil palm was 613 bp. This sequence had an open reading frame (ORF) of
546 bp ending with the termination codon (TGA). In addition, the EgNFYB1sequence
contained a 3' UTR of 67 bp. The ORF of 181 amino acid residues of the entire
sequence was compared with the database using the BLAST network service (NCBI),
which revealed an 89% identity with JcNFYB1 from Jatropha curcas and 88% identity
with AhNFYB1 from Arachis hypogaea (Fig. 1). The 181 amino acid protein (EgQNFYB1)

has a predicted molecular weight of 18.93 kDa, with a calculated pl of 7.20. Moreover,
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the EgNFYB1amino acid sequences were analysed with PROSITE analysis, which
showed significant sequence similarity with the HAP3 subunit signature (C-[VA]-[ST]-E-
x-1-S-F-[LIVM]-T-[SGC]-E-A-[SCN]-[DE]-[KRQ]-C. motif, 28-44) involved in DNA-binding
(Figure 1) and the predicted 2D structure including the 10 helices, 11 beta-strands (Fig.
2) and predicted 3D structure is shown in Fig. 3. In Arabidopsis, LEAFY COTYLEDON1
(NFYB1) has been identifled as key transcription factors involved in the regulation of oil
accumulation. NFYB1 encodes a HAP3 subunit of the CCAAT-binding factor (Lotan et
al., 1998) and only NFYB1, a member of the HAP3 gene family, has been characterized
in detail (Miyoshi et al., 2003).

The multiple alignment and phylogenetic tree was constructed using amino acid
sequence with the PHYLIP program using the neighbour-joining method of EgNFYB1
with NFYB1 from plants and bacteria demonstrated that the oil palm EgNFYB1 amino
acid in this work is closest with jatropha JeNFYB1 amino acid (Fig. 4) which in current,
the use of Jatropha as a biodiesel feed-stock plant same the oil palm (Fairless, 2007;
Sanderson, 2009).

The characteristic of EQNFYB1 transcription factor binding to promoters by DNA
Protein Interaction Enzyme Linked Immunosorbent Assay (DPI-ELISA) (in vitro)

The reports by Lotan that The NFYB1 gene encodes a transcription factor homolog, the
CCAAT box-binding factor HAP3 subunit of the CCAAT box-binding factor that bind
speciﬁcally to DNA fragments containing a CCAAT and CAAT sequence (Gusmaroli et
al., 2001; Kusnetsov et al., 1999; Lotan et al., 1998; Yazawa and Kamada, 2007). The
CCAAT-box is a cis-acting element that is often found in the gene promoters of higher
eukaryotes and essential to transcription process (Mantovani, 1999). We conducted an
experiment to determine the characteristic of EgNFYB1 binding to promoters. The
EgNFYB1 recombinant protein has CCAAT binding site (Laloum et al., 2013) that 61
amino acid and molecular weight of 7 kDa. The EgNFYB1 recombinant protein
expression in pellet and supernatant. Purified supernatant by Ni-NTA Agarose
(Qiagen)(Fig. 5). Six CAAT box (CAAT/CCAAT) of biotin carboxylase (EgaccD)
promoter were identified from oil palm (Table1), the gene of EgaccD from E. guineensis
Jacq. encodes a plastid coded subunit of heteromeric acetyl-CoA carboxylase (ACCase)
that it is important as it catalyzes the first committed step of fatty acid synthesis
(Nakkaew et al.,, 2008). Two CAAT box (CAAT/CCAAT) of Late-Embryogenesis
Abundant group 4 (EgLEA4) promoter were identified from oil palm, the EgLEA4 genes
is a group of genes that have been reported to be involved in stress and hormone

responses (Hualkasin et al., 2013) (Table1) and one CAAT box (CAAT/CCAAT) of
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cauliflower mosaic virus 35s promoter (CaMV 35s promoter) was identified from pBl 121
vector (positive control), the CaMV 35s promoter is active at a high level in most plant
tissues and one of the most widely used (Odell et al., 1985) (Table2).

We tested these interactions by DPI-ELISA. EgNFYB1 protein bound to the
EgaccD promoter-probe, the EgLEA4 promoter-probe and the CaMV35s promoter-probe
(Fig. 6). The absorbance of EgNFYB1 protein - EgaccD promoter-probe was 0.175
which more than higher than EgNFYB1 protein — EgLEA4 promoter-probe and
EgNFYB1 protein — CaMV35s promoter-probe (Fig. 7). This can be explained by
different concentrations of the epitope tagged EgNFYB1 protein that these differences in
binding specificity directly translate to altered residues in the DNA-binding domain. DPI-
ELISA analysis shows that EgNFYB1 protein binding to six CAAT-box of accD promoter
is strongly. The absorbance of EgNFYB1 protein (Don’t have promoter probe) was
0.047, EgNFYB1 protein binding non-specific to residues in well plate and the last well
was changes of reaction test that these are negative control.

Suggesting, NFYB1 belongs to the HAP3 or the CCAAT binding factor family, which is
highly conserved in promoters of fatty acid synthesis genes are enriched for the
consensus NFYB1 binding element that these genes may be direct targets of NFYB1
(Fobert, 2014). In a more extended view, in mammalian cells, the CCAAT-binding
factors directly bind to the FAS promoter and play an important role in the regulation of
FAS gene expression (Rangan et al., 1996; Roder et al., 1997; Schweizer et al., 2002).
Expression of EgNFYB1

Semi-quantitative RT-PCR was performed to evaluate EgNFYB1 gene expression
patterns. Total RNAs extracted from five different tissues (mesocarp , kernel of E.
guineensis fruits 26 weeks and leaves, cotyledon, stem and root) were amplified using
NFYB1F and NFYB1R primer sets and 18S rDNA primers were used as an internal
control to ensure. The RT-PCR products size 133 bp and 540 bp, respectively.The RT-
PCR for each sample contained a similar amount of total RNA in all the tested samples,
the transcripts of this gene are expressed detected in all tissues but at different
expression levels in different tissues. EgNFYB1 showed relatively strong transcription in
mesocarp tissue, but relatively weak expression in root tissue (Fig. 8). The high
expression of the EgNFYB1 gene in mesocarp tissue may be associated with the
production of palm oil that oil palm can accumulate up to 90% oil in its mesocarp, the
highest level in the plant kingdom (Bourgis et al., 2011). This result was similar to the
levels of Eg14-3-3 (W expression in oil palm. The Eg714-3-3 W expression patterns were

strong in the mesocarp that related to the oil accumulation (Nakkaew et al., 2013).To
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confirmed the expression of EgNFYB1 gene that involve in the oil accumulation by
using RT-PCR analysis, the total RNA from the six samples of oil palm leaves from
individual plants. Samples were divided into two groups are the samples with high
production and the samples with low production. The results of RT-PCR demonstrated
that the expression level of EgNFYB1 was high in high-productivity plants and low in
low productivity plants (Fig. 9). The RT-PCR analysis indicated the higher level of
EgNFYB1 expression is correlated with the higher productivity and in turn to the oil
content. This is in accordance with the levels of EgaccD expression in oil palm, RT-PCR
analysis in oil palm leaves with high production and oil palm leaves with low production.
The expression level of EgaccD is correlate to high yield in oil palm (Nakkaew et al.,
2008).

Moreover, the total RNA from six unknown young leaves from 2 place and
different trees of less than 1-year-old and same size were subjected to gene expression
analysis (data not show). The level of expression of EgNFYB1 considerable variations
were observed and indicated that the EgNFYB1 has transcription at an early age of tree
that according with Lotan., et al. reported, NFYB71 cDNA clone under the control of 35s
promoter transformed in plant. The embryo-specific accumulated an oil body compare
wild type (Lotan et al., 1998). NFYB1 increased oil synthesis does appear to be a direct
consequence attributed to the natural progression of somatic embryo through the
maturation phase (Fobert, 2014). This finding suggests that EgNFYB1 gene may be
related to the ability of the palm tree to accumulate oil. It is interesting to use as a
molecular marker during the breeding program and selection of producing high yielding

oil palms.

Conclusions

The EgNFYB1 gene was cloned from EST library. It is highly similar to the date palm
NFYB1 and has the same HAP3 subunit signature which involved in CAAT-binding that
EgNFYB1 protein binding to six CAAT-box of EgaccD promoter (gene involved in
amount oil seed) is strongly. The EgNFYB1 expression patterns were strongly
expressed in mesocarp tissues and high yield leaves. The finally, the level of expression
of EgNFYB1 considerable variations were the unknown young leaves from different
trees. These result indicated that the EgNFYB1 expression may be related to
accumulate oil. Therefore, the EgNFYB1 may be of benefit to molecular marker during

the breeding program in oil palm and other plants.
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Legend of Figure

Fig. 1 Multiple amino acid sequence alignments (ClustalX 2.0) of EgNFYB1 from oil
palm (Elaeis guineensis Jacq; compared with the NFYB1 protein from other plants:
ZmNFYB1 (NP_001105518.1, Zea mays), OsNFYB1(AAP22065.1, Oryza sativa (indica
cultivar-group), AARNFYB1-A (ADC33212.1,Arachis  hypogaea), AhNFYB1-B
(ADC33213.1, Arachis hypogaea), GINFYB1-A (ABW71516.1,Glycine latifolia),
GINFYB1-B (ABW71517.1,Glycine latifolia), GmNFYB1 (NP_001236625.1, Glycine max),
BnNFYB1 (ACB12186.1, Brassica napus, BoNFYB1 (AGK82893.1, Brassica oleracea),
JeNFYB1 (AEO22132.1, Jatropha curcas), AINFYB1 (AAC39488.1, Arabidopsis thaliana)
and MINFYB1 (XP_003589766.1, Medicago truncatula).The putative HAP3-subunit site),
which overlap at the NFYB1protein.

Fig. 2 The secondary structure of the putative EgNFYB1 in oil palm including the 10
helices and 11 beta- strands

Fig. 3 The 3D structure of the putative EgNFYB1 protein. The image was generated by
using the I-TASSER server. Shown are the N- and C- terminal including the 10 helices
(red), 11 beta- strands (green) and binding site (yellow)

Fig. 4 The phylogenetic tree constructed with the PHYLIP program using the neighbor-
joining method supported for the inferred groups, which were obtained by bootstrap
analysis from 1000 replications of the data set using the SEQBOOT in PHYLIP 3.69
package. From EgNFYB1 of Oil palm (Elaeis guineensis Jacq and other living. The
accession number and corresponding species are as follows: ZmNFYB1
(NP_001105518.1, Zea mays), OsNFYB1(AAP22065.1, Oryza sativa (indica cultivar-
group), AhANFYB1-A (ADC33212.1, Arachis hypogaea), AhNFYB1-B (ADC33213.1,
Arachis hypogaea), GINFYB1-A  (ABW71516.1, Glycine latifolia), = GINFYB1-B
(ABW71517.1, Glycine latifolia), GmNFYB1 (NP_001236625.1, Glycine max), BnNFYB1-
1 (ADF81044.1, Brassica napus), BANFYB1-2 (ADF81045.1, Brassica napus), BoNFYB1
(AGK82893.1, Brassica oleracea), JcNFYB1 (AEO22132.1, Jatropha curcas), AINFYB1
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(AAC39488.1, Arabidopsis thaliana) and EhCCAAT-binding transcription factor
(XP_651413.1, Entamoeba histolytica).

Fig. 5 The 12% SDS-PAGE analysis showed the EgNFYB1 protein expression from
E.coli BL21(DE3) and EgNFYB1 protein after protein purification by Ni-NTA Agarose
Fig. 6 The ELISA plate is coated with double stranded biotinylated promoter incubated
with EgNFYB1 recombinant protein. Representative wells of the microtiter plate are
shown binding between promoters with EgNFYB1 proteinLane 1 : The
EgaccD promoter with EGQNFYB1 recombinant proteinLane 2 : The EgLEA4
promoter with EgQNFYB1 recombinant protein Lane 3 :The CaMV35s  promoter  with
EgNFYB1 recombinant protein (Positive control)Lane 4 : The EgNFYB1
recombinant protein (Negative control) Lane 5 : reaction test (Negative control)
Fig.7 The binding between promoters with EgNFYB1 recombinant protein including the
EgNFYB1 protein binding to six CAAT box of EgaccD promoter (pink), the EgNFYB1
protein binding to two CAAT box of EgLEA4 promoter (green), the EgNFYB1
protein binding to one CAAT box of CaMV 35s promoter (yellow), the EgNFYB1
protein binding to well plate (blue) and solution test (Negative control). Each value is the
mean of three replicates, and the error bars indicate standard errors at P < 0.05.

Fig.8 Semi-quantitative RT-PCR analysis of the EgNFYB1 gene from various tissues
of oil palm. The EgNFYB1 mRNA levels were analyzed using the Quantity One program
with 18S rDNA as the internal control. The gene expression of EgQNFYB1 was strong
transcription in mesocarp tissue. Each value is the mean of three replicates and the
error bars indicate standard errors at P < 0.05.

Fig. 9 Semi-quantitative RT-PCR analysis of EgQNFYB1 expression in six samples of oil
palm leaves in high yield (green) and low vyield (orange) of oil palm. The EgNFYB1
mRNA levels were analyzed using the Quantity One program with 18S rDNA as the
internal control. The gene expression of EgNFYB1 was strong transcription in high-
productivity plants. Each value is the mean of three replicates and the error bars
indicate standard errors at P < 0.05.

Table 1: Sequences of the primers used in this study

Primer Nucleotide sequence (5' 3)

GeneRacer™ 3'
3'INFYB1
Nested primer

3'2NFYB1
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NFYB1-BamHIF
NFYB1-XholR

accDF

accDR

LEA4F

LEA4R

CaMVF

CaMVR

NFYB1F
NFYB1R

18s rDNAF

18s rDNAR

Table2: The CAAT-box site on promoters analyze by PlanPAN server

Promoter Number of CCAAT box Position of CCAAT box
EgaccD 6 68, 269, 285, 599, 649, 689
EgLEA4 2 84, 171

CaMV 35s 1 281

Table 3 The averge of binding binding between promoters with EgNFYB1 recombinant

protein in reaction

Sample AVERGE of STDEV
(O.D492-0.Dgg0) (O.D492-0.Dego)

EgaccD 0.175 0.0103

EgLEA4 0.102 0.012

CaMV35s 0.096 0.018

Control 0.047 0.022

Negative 0 0
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Table 4: The quantitative of relative of EQNFYB1 expression level by semi-quantitative

RT- PCR in various tissues

Sample AVERGE of relative of STDEV of relative of
EgNFYB1 expression EgNFYB1 expression
level) level

Mesocarp 0.972 0.041

Kernel 0.656 0.055

Leafy cotyledon 0.547 0.036

Leave 0.535 0.018

Root 0.235 0.018

Table: 5 The quantitative of relative of EQNFYB1 expression level by semi-quantitative

RT- PCR in oil palm leaves of high yield and low yield

Sample AVERGE of relative of STDEV of relative of
EgNFYB1 expression EgNFYB1 expression
level level

High1 0.971 0.194

High2 0.835 0.126

High3 1.224 0.038

Low1 0.293 0.014

Low?2 0.247 0.023

Low3 0.301 0.044
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