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Abstract

To elucidate molecular mechanism to control flowering transition of coconut (Cocos nucifera
L.), which has a prolong vegetative growth phase, DDRT-PCR (differential display RT-PCR) was used
to identify genes involved in a regulation change from vegetative growth phase to reproductive
phase. Comparative expression of genes in somatic apical meristem (SAM) during vegetative growth
phase (germination, 4, 6, 12 and 24 months of age) and reproductive phase (36 months of age) of
dwarf coconut was performed. Genes encoding enzymes in brassinosteroid signaling showed
differentially display expression. SERKI-like (somatic embryogenesis receptor kinase 1 like), was up-
regulated in vegetative phase, whereas FE/ 1 (LRR-receptor-like serine/threonine-protein kinase FEI
1) and BZR1 (BZR1 homolog 3-like) was up-regulated in reproductive phase. In addition, inactive
LRR-RLK (leucine rich repeat receptor like kinase), which functions to control CLAVATA pathway
was up-regulated in reproductive phase. This indicated that flowering transition of coconut was
controlled by brassinosteroid hormone in coordination with CLAVATA pathway. Monitoring of their
expression throughout growth and development was further performed both in dwarf and tall
coconuts using quantitative real-time PCR. The result revealed that SERK1-like showed the highest
expression at germination stage and its expression decreased during growth and development in

both types of coconut. In contrast, FEI 1, inactive LRR-RLK and BZR1 homolog 3- like showed the
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lowest expression at germination stage and gradually increased in corresponding to growth and

development. The highest expression was found at reproductive phase. These indicated that

coordination of brassinosteroid signaling genes played a role to regulate phase changes of coconut.

Obviously, expression of inactive LRR-RLK in dwarf type was induced earlier and higher than in tall

coconut, indicating that shorten vegetative growth phase of dwarf coconut was probably controlled

by inactive LRR-RLK expression.

Keywords: flowering transition; coconut; prolong vegetative growth phase; brassinosteroid hormone
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fanasouuasnauninuAmilavuIngge fans
pongquinistiniwmatnuateviin seludauie
ugN$12 tugnd1n wasiduugninuians
(virgin oil) AiftautRoangnilunisinwlsasiig
Wy n1ssnunlsaindolada HIV Thfadusniau
Ta¥a913 (SAR) Tsaialanazuaonidon uziss
iy Tsnassaden nsvgnngu naNeINIILR
Usgd1iAou 21a (Coconut Research Center;
http://www.coconutresearchcenter.com) 3441
Tindnfusuznirduiidosnisvesnaialan
ugni1dufiviiosdiuvesszinalng figu

o =

WUGNIIUNVAINTATY @1 NRNUSIAL
anwaglantvdmiunisudaueningeayulng
Wiowfiuyarmandnvosuzninliudinuasnsineg
ognslsfinny nswdauzndaidesidaraludiu
szezaInsUgnaunsEviLiviisinandn uaz
nsUfuUgaiudiuunan esaniludivisingg
wigAulatiszeznsasydvlansaaunazly
(vegetative growth phase) faruuldiaan 5-6
U dwmsungnianeiugiugs wie 3 U dmiu
mﬁlﬁuﬁ:ﬁmﬁ&l Jvzansnoonmeniazlvinandn

Famaldsza1Ia1UIUNINLLAUNYINARAALED

255

areeldliuninunsns saduwmdunisudly
Yy Ao n1simwmeluladsueienisesnnen
YOIUENINT UT0AINUABIYNITOBNADNUDY
nzniNle azviwlinwasnsarunznindsols
59T WEOrMUANITEBNABNANUATNGDINITTBY
nann desndusgredeiitinidedemsudenaln
muaNnsoenaentusziulianavemyniig 99
Yaguudslafiseny

n1seennen (flowering transition) 1Uu
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pannon (2) adult phase #30 reproductive
competence o szriifinnamionfiazgninih

Tnsdsuindounisuen vide aoluduiisliiing
J2UL00NADN LAz (3) T28209NADN 13D repro-
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WasuwUasdnwuensdgIunsuanvesivy 1y
yunly sUevedly msusnguuuiiadu uas
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phase Tagdslifiseanulunznin
ﬂalﬂmim‘uau juvenile phase Tusgdiu
Tuanathuldfimsfnwlufivduwuvessdneuda
T51891u1AuAulaEu SERRATE, SUPPRESSOR
OF GENE SILENCING3 wa g SUPPRESSOR OF
GENE SILENCINGZ/ SILENCING DEFCTIVE1/ RNA
DEPENDENT POLYMERASE6 GaifuBuilifisndas
Tunsguaunisduasizslulasensidue (micro
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fiduas wazesnmenlfiiitu JsdnBumdaniilvey
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warlu (vegetative growth) lur svaviiissen, 4,
6, 12 Loy 24 iol LayIzezeannen (reproduc-
tive growth) baun 36 wwoulungninarenugau
Wie way 60 wenlungniaeiugauas wnadn
o5 8uesaudrsyainendniagy Trizol®
(Invitrogen, USA) gosftdutasieioulesd DNase |
(NEB, England) as19dauAmuaInuayinUIun
o1fifuesiiiatalitheiBnsiansganduuas
ATUENIAAL 260 (ODy0) 4 280 (OD,g0) WTU-
LIRS WAIAT OD,e/OD,, hagioolaninslusda
Tusaernlsannududu 1 Wesdud anduih
onSifuo e N duRY Seezifissen, 4, 6,
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sfuiielidusunuvesersiduesuszezns
wsaAulanafunazlu (Vg-RNA) dauensiidule
sufiszee 36 e Tu MWlufunuensidues
syayoanmnan (Rp-RNA)

2.2 nsfuniduiiiieadaslunalanis
AIUANDINABNVBINENE1IR8LNALlA DDRT-
PCR (differential display RT-PCR)

¥resiwesiduiunuresses
szeznssiulansasuazlu (Ve-RNA) waz
segzaannen (Rp-RNA) undun1Buiifinig
Lanseanuanf1stusynitnilofens 2 svex
faewmaila DDRT-PCR fidiautasain Colonna-
Romano hagmny (1998) Inensiageunaumioule
FuanslmRuieniswansennvesBuiivandiaiu
(differentially expressed genes, DEGs) 728198
wederAsarluRANUudL 4.5 Wasidud dhuau
A ulefiuansninuuansn afnuenaanainiaa
tndnUinudnedmilidglnawosdiu Taau
Wngnanaia pGEM®-T Easy vector (Promega,
USA) enesdnguuaiitse Escherichia coli engwug
IM 109 Aadenlalalide dunadauenwanalea
ﬁ?&lﬁﬂﬂj’l&l’]ﬁ%%ﬁ]gﬂ Presto™ mini Plasmid kit
(Geneaid, Korea) kadsimsizviainuiandlalng
Tagusem Macrogen sequencing service (Korea)
WdduinalelnaiilauSeuiisuanumiioudiu
gulugrudeyaainamelusunsy BlastN (https.//
blast.nchi.nlm.nih.gov/Blast.cgi) wagiLAsIgh
wihfinsvinuvesduaingiutoya KEGG (Kyoto
Encyclopedia of Genes and Genomes)

2.3 N1SASIVEBUNISUAAIDDNVDIBUAY
WwAllA quantitative real time PCR

111981991510 ULBNFUATIZT CDNA

aneusneeyaiiendiagy SuperScript IM
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Reverse Transcriptase (Invitrogen, USA) 1821
cDNA a']EJLLiﬂﬁlé]j mi?ﬂa@UﬂqiLLaﬂﬂaaﬂmaqgu
paemnAila quantitative real-time PCR Tngldyn
¥re1dn 1593U Platinum® SYBR® Green qPCR
SuperMix-UDG kit (Invitogen, USA) Tagldia3as
Master cycler EP Gradient S ( Eppendorf,
Germany) kagdAsIERsERUNSLARIDaNURITU
WUU relative (AC)) Taeldszaunisuansaanaed

g1 Actin1 Tun1sUSue1 (normalization)

3. NAN1539Y
miﬁumﬁuﬁﬁgﬂLL‘uumiLLamaaﬂﬁ
WANFINaAU iwnf’mLﬁaL?iaLﬁﬁiymawamzw%ﬁa
syeznssAulaaduarylu warszezeen
aondleAla DDRT-PCR WUTudI UL uLaf
wansliiuinisuanseanvesBuiivanaiaiu
$rnunn devuauiduewmentuinsizim
arnuiinalelng uauSeufisuanuwiiou fu
fulugnudeya GenBank wududuiiBuie 4 uav

Pianumilounuduniivuaeulesiluitinisde

e

g (signal transduction) 99980513
brassinosteroid (BR) lawA 8u FEII A1uunsia
toulel LRR-receptor-like serine/threonine-
protein kinase FEI 1, 84 BZR1 homolog 3-like
MuuAIRalUsAU protein BZR1 homolog 3-like,
8u inactive LRR-RLK finvuntauleyd inactive
leucine-rich repeat receptor-like protein kinase
‘TI!\TLLaﬂﬂ@@ﬂQﬂULﬁ@L?j@Lﬂ%@ﬂaﬂﬂﬂ@ﬂi%ﬂ%@@ﬂ
AN wazdu SERKI-like nnvunswatouleil
somatic embryogenesis receptor kinase 1-like
%QLLamqaaﬂqqluLﬁaLﬁaLﬁ]’%ﬁgizazﬂmﬂ%mlﬁdm
mMeddunarlu (319l 1)

WethdumanduniasgunuIntig
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n1siulunszuIunIsNIeEine laeldgiu

v

Yaya KEGG $1uiudayadininsarsingleans
sgauaina wuiitouleyd LRR-receptor-like
serine/ threonine- protein kinase FEI 1 LU u
wulwsifivimihfidedyaaluifaiugunisaing
Hsadluiiy (nsduasigiiwaglaa) lag

povaUDIRagsluu BR lun1siudsundasiaznis

=

Wl bl [17] §991NNNSNAABINUINEUNATUA
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s¥EreanAen TiiuInstniiniseenaenlu
wzndntudunisnevaussregesluufinsziunis
WasuwlaswadusnaLieionsglatsgenain

msasedsunazlulidunisasigaiidanen

A3 1 BUNINITUARIONLANANNIZNINNITEENSITR UL RuLas Ty wazszezaanaon

Fotud | wun . . . nneavlu Sveyiif
e , vunsateulesl/Usiu Y
ALOULD | (ALUE) IUVDYA NITLEARIDDNE
LRR-receptor-like serine/ threonine-
Rpl2.1 | 229 XM _008798420.1 ITYLRINADN
protein kinase FEI 1
Rp13.1 | 276 |protein BZR1 homolog 3-like XM_010926404.1 I8YLBNABDN
Inactive leucine-rich repeat receptor-
Rp13.3 127 XM 010914836.1 ITYroRNADN
like protein kinase B
Somatic embryogenesis receptor S28ZNTAIYLAULR
Vg13.2 | 145 XM _008793135.1 v
kinase 1-like - nsaaunazly

Loulel inactive leucine-rich repeat

receptor-like protein kinase Vuteuledly

nszuunsAedyann T3S CLAVATA (CLV)-like

pathway fiviwmtifiaugunsildsulUasusiiu

o v

dodesylndunisadrlusazdrdu wdenis
a519men TnoouleddifumSudyyinnes
wUlng CLV3 Aitausaudu CLVI way CLV
3u 9 lunsdnihnisesnaentueysdneuda [18]
nnan1snaasanuiudismuaieules inactive

leucine-rich repeat receptor-like protein kinase

v
aa

Ufinsuanseangslusseroanneon 9l

nalnaluauniseanaenlutgnitugnaluau

#1838 CLAVATA 108158 UaUDIR080SLUY

= o

WuLAgIiun1seanaenfiAIuANAlI8InBaTy
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(autonomous pathway) Tu 8z310aeUda [19]
waznseannentuetida [20]

1UsAu BZR1 homolog 3-like 11U trans-
cription factor ﬂ’m@ummamaaﬂmmguﬁ
novaupiregesluy BR fivhwihiidniiniseen
aanlufiy 31nn1sneaeInuiufidivualusiiu
BZR1 homolog 3-like 5ﬁmil,l,amaaﬂq\1‘ﬁu1u
doideinsysveveannen Sadunisiuduléin
mimuamm'iaaﬂmaﬂmaauzw%aﬁugﬂmuau
fawgosluu BR

woulal somatic embryogenesis receptor
kinase 1-like (SERK1-like) viwtiridednyq nilu
38 brassinolid signaling F 1 udy1uves

goiluu BR muANN1sRSyulaLasinuIred
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fwdausonaaennisiadyiviamedifuuarlu
TagriusiuAvegesluueandu (auxin) Tuns
AIuANNISRSLAUlalusTeEnsaTyRUlaNI
andunazluvesessnneuda [21] lnanunis
LLamaaﬂqﬂuiwzﬁuﬁiauuazamadLﬁmiﬂgiiz Y
penmen wWuisaiuinulunsmeaest Salvidiu

18U SERK1-like MMTNNAIUANNITATY AU
AN ULAL LI UVDINTNGT)
viedAunsieluindunedluifinisde

o

Fyaravesgosluy BR lda1nn1snaasaili
gULL'U‘UmiLLamaaﬂmauauamaamwzmi
iR lauazianvesuniaetudiuie
(8BNAONLSY) wavaleNuaugs (annontn)
pgnals eeonuuulnsiwesndliiiaudingse
Bu (m151991 2) wdrIuIRTIvABUTEAUAIS
UANIDDNTDITU T2BLNITRIYWUTAN IR ULAY
U Ao Lfiseen, 4, 6, 12, WAy 24 Lo LAYsEEY
pannen Ao 36 Lo lunzndnaewuiduie

]

waz 60 tou Tuneniaeiugiugs Mewnaia
quantitative real-time PCR wu318u FE/I 1n13
LAAIBONANEATITEEELNAONUEATNTUIUG IR

WewingseereanaonslungninaieiugauLie

wazaneRugAuas (UN 1A) euanslimiiuingul

]

MmtrfaluaunisaTaidulniasimuives
wgniieliugnininnuanysaliasnioudiag

¥

Wingsvuzeanaen Fangnemdetunsuanioanvas
8u inactive LRR-RLK WANTaULANA1Y AB NS
LanIeenYI8u inactive LRR-RLK Tuugnsing
awﬁuﬁ:ﬁulﬁ&l Fudszovifistonauds 12 Wiou
tu flszdunisuanseaniiindideeiu wailseau
nsuanspniigatuagetauitony 24 ieu (U

1 1B) F961991NUENI1IAUFNNITLANIDDNYDY

guillndifveiuaueiyia 24 Whsw udgndnid
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= s v = aa i
N1319N 2 "L‘WiLlIE]TV]SLGUW5'3"’_\]a@UﬂqiLLaﬂﬁaaﬂéﬂaﬁﬁluiuqaﬂqimauau@qm@a@ﬂuu BR

Folnswes anuihrdlelng (5'—3") AT, O) A T, (°C)
Rpl2.1 F GTT-GGA-TCA-GGT-GGA-TTT-GG 57.3 52
Rpl2.1 R CTA-AGC-TGC-CTA-AGG-CCA-AG 59.3 52
Rp13.1 F AGC-TTG-TAG-TTG-CCG-TAC-ATC-C 60.3 55
Rp13.1 R CTT-GAG-TCT-GAT-CCG-GTT-TCT-C 60.3 55
Rp13.3 F CGC-AGG-TGA-GTT-ATC-CAT-GT 57.3 52
Rp13.3 R CCA-CCT-CCA-AAC-GCT-AAG-AT 57.3 52
Vgl13.2 F TCT-TGA-GGA-GGT-GGA-GTG-TG 59.3 52
Vgl13.2 R GTT-TTC-GCA-GCT-CGT-CTT-GT 57.3 52

(A) 08 (B) 2
W ity . 18 W it

0 fuge 3T § 16 [ fuge

e
)
1

Relative Expression levels
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vosndatgaa (cell wall signaling) 1U&e3d
CLAVATA ﬁmuaumiwﬁ'ammaqLsuaéu'%nm
dodoesyannisafedrdunarlvldiduns
a$menlaglunszdunisuanioanyesduiivh
wihfidninnisesnnen Ing transcription factor

%Un BZR1 homolog 3 like

4. 8130

n1seannen (flowering transition ) 1Ju
nalniladududou aruguitedusiuiuuind
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WigUawgenlviiinisaganiinnenwas iawn
WWunen fignaruaunisiddsuudaslaeid

a

CLAVATA 8naanils [22,23] %qﬁmwiamuﬂgﬂ
muauﬂﬁaaﬂmaﬂﬁaﬁﬁﬁLmﬂsiwﬁ'u lng3nnnsg
AuAuNITeanaeniisesulutlagiu 1dun
(1) AneuausInoANURUINEY (vernalization
pathway) Wunalnnis epigeneticﬁmuqmmj
aaﬂmaﬂimamimauauawiaqmmﬁﬁwaqﬁwum
U7 (2) WWNIINDUAUDINBTIINEAS (photoperiod
pathway) Jun1snevauessetisuadilasuluus
aydu (3) 308ase (autonomous pathway) AIUA
FaeBurng 9 fiduasunisesnnen laedily
MOUALDINBYIEAIIBANUNUI T UYDIE 51 T-
poUTd (4) NOUAUDIRBIDILUUIULUBLIAAY
(gibberellin pathway) tJuni1snovaussse
g0510UIULUDLTAAYN wag (5) INnoUAUDIAD
AaNIWLLEY (light quality pathway) \Hunsmeu
AUBIADAMANILES LU ABUAUDIADUAIELITY
[24) Bdlungnindudilifneauignaiugudae
3ile wiarnnan1saaesnududivaningisinun

oW 4

swatoulgsluinnisderadyyiuvesgsiuu
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Aulaluies (growth regulator) [25,26] WilafaLAn

] '

nsnanliamsaduasizvarsviail wuandlna
fen1suvawad nsiasaivln sauvaiinnsesn
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o |
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b e e
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