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Abstract

Flowering is an important process for both propagation and improvement of the plants. However,in
some plant species, especially sugarcane, flowering is considered as a disadvantage trait. Because when
sugarcane makes a transition from vegetative to reproductive stage, the sucrose content will decrease. The
development of specific marker to assist selection of non-flowering or delay flowering is very crucial for
sugarcane breeding program. In this study, partial of APETALA 1(AP1) was cloned from early flowering wild
sugarcane using PCR technique. It was 397 bp and encodes for protein of 129 amino acid residues.This partial
gene had high homology with ZAP1 gene of Zea mays at 96%. The in siligo ontology annotation showed highly
activities with AP7 gene in biological process. The phylogram was used to study the genetic distance between
partial AP1 cloned gene and Grass species. The tree of genetic relationship showed that the region was
shared at 78.62-96.64% and also conserved in many plant species.This partial AP7gene can be used as a

molecular marker to assist in selection of the flowering related trait in sugarcane.
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nYzUIKNIIeanaanYaINTLIwNIZLINNTN

YNNI 20 TG

\fpndoanunosmnuingan  uazMILEaIaanUaIbn
wnpsia laimsdnsnalnfisdalunsesnaanlu
Arabidopsis lagwuin 81 AP71 az¥inausiunuin
LEAFY (LFY) lapiiu LFY aza%’wﬂﬂsﬁmﬁammz@ju
WEw AP1 vhow iermualdiiamafouudas
dladoinluilumaen wazwaw luaandi
suysal Gatudu AP1 3sflunnniigdiduednsun
daansmMenNIaanaani3l (early flowering) TuiNanane
T (Mendel et al., 1992; Gustafson-Brown et al.,
1994; Wagner et al., 1999)luam=AifTuiriiafdas

awé’t’quwgmﬁmﬂuﬁ"smzﬁmﬁalﬁﬁ@mman@an

%38 vernalization % 888 D139 uazlud1iand
79%e winter wheat “Iqu‘Ll’h YUIWNIT vernalization on
augulasiu  VRNT FageulusadslndTanudn
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Taaule viaBufauysnifialdluamananiu
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aantludasianldlunge
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ainsoiuazidnig
N1S&nNMm total RNA
fna total RNA NNTananassi

(Saccharumspontaneum) %mmammﬂﬁuf 98-244 7
FULANNLNITEAAN 1 2 URZ 3 LTUALUAT LWAZIN
shoot apex maaﬁaﬂﬂwﬁmq 4 @ewdialdidy
external control #2837 Pine Tree method (Changet
al. 1993)lasmsuatanansasy 50-100 NAANIN A
az188@ LAY extraction buffer (2 LWasidud CTAB
[hexadecyltrimethylammonium bromide],2l,‘]_la§l,ﬁ'fiuﬁ
PVP [polyvinylpyrrolidinone k30], 100 mMTris-HCI pH
8.0, 25 mM EDTA, 2.0 M NaCl uazriaultlwidn 2
\wWasiGua B-mercaptoethanol) USanas 500 lulasaas
naulidnin mntiuuenlysauditiuniweanan total
RNA @28 chloroform:isoamyl alcohol (24:1) anaiznas
total RNA @28 8M LiCl sl,ﬁmmﬁwﬁuq@ﬁwmﬂu 2M
ﬂﬂﬁmﬁuﬁqm%gﬁ 4 asmwadus 9Nt
s3azanstotal RNA Tdiwndsafl 10,000 rpm w1 20
Wl ﬁqmugﬁ 4 asraios insulaie udud
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Boric acid, 20 mM Sodium citrate L8 100 mMNaOH,
pH 7.5)
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ﬁ\‘if: Arabidopsis thaliana vlé'fLLﬂ' accession AF211171,
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v .
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inAdia PCR WuUNL DNA2 U0U 2110 397 FLUALAZ
279 dualunnizuzanuenvaitenanday lagluny
14 external control (shoot apex maaé’aﬂﬂ’]mq 4
\@au) unin DNA 2ua 279 ﬁmaﬁwulu external
control §28 (MW 1) ternuay DNA 113 2 uauan
Jiengrmauinilalng uddenzienumnion
(alignment) JeWIUOLU  DNA vamasdanlUsunsy
Clustal Omega Wui1 uau DNA vamoslilggey
fhadlalndufialfainy R TICIC R LAt ey
wilanvasseuninaziluvasuay DNA filaauldnu
Bunifinsrmndeulugiudoys GenBank wuiiuou
DNA 2110 397 GLUAMWHANIIETY 129 nyaazilud
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identity) LRZNINAIUIADNLAZHE (flower and fruit
development) WaNAINBIINUINLIEIUVIDW APT %
a ° A v o A P = oo
Inmsiwsdsminnlududw 9 Asunsaduldldas
P
AN39N 1
k3 1 = 4; a
mMslzuedmaasin  APT  ad@nsITiuans
uazuIIMmanIng
IINMIANBITTHZAWINIRUTNTIN  (genetic
distance) 28484 AP7 TuiTasznana1 wudn uasu
vasiin  AP1  fleanldfianuniioununguiuni
@UNUIL MADS-box domain fitNgaTiasnuNITaan
aanluizaszpang i 96 wWaiidud (E-value 3.2e-
64) fo  Jaunrilawny  MADS-box transcription
{ = ° ' '
factor 71 locus name Sb02g001090 ‘ﬁdﬁ(ﬂ’nmudaguu
laslulawf 2 28497129W19 locus name GRMZM2G

148693 uar GRMZM2G072582 lud1ilwa uas locus

1000

500
250

nameSi030802m LOC_0s07g01820 ez Bradigs9250
1w foxtail millet 117 uaz B. distachyon ANURIAL LT
Wadesianumiauvesnsaasdluaasunssiuang
fu AP1 filasuld Auiu AP1 lunguizaszpanah
wudilianumilanagszning 78.62-96.64 Lilafidud
(M 2) Sansldiuesinuesiu AP1 Alaawladn
VNEIUDeIE%  AP7 339  FAAae9InUANIILATIER

Phylogram Lﬁﬂ%’]ﬂ’;’mﬂﬂﬁ%ﬂﬂ’mﬁu‘gﬂﬁ&l %380
aNnuFNRusUaIs1aunIaazi lulusguwvastn AP1 Tu
WIMIBEIMABAIZNS 1B Grass  Asterids
Brassicaceae Wz Papilioideae WU UNNEILVDIE
AP1 ﬁiﬂauvlﬁé’f@a%ﬂumjmﬁmﬁ'uﬁu AP1 203N TNN
m:qaﬁﬁﬂm Sodumsuadldingu AP1 udui
\Aeatastunmseanaan wazluTmeuingd

(conserved region) Tufzaaniia 9 14 (mwﬁ 3)

397
279

bp

AN 1uou DNA fitiaanufisen PCR lagld first strand cDNA 9 ngaaanwas Saccharumspontaneum

YU 1 2 WAL 3 LTUALUAT (lane BULLEY 12 LAz 3 (v’l’ma"ﬁﬁu) lane M; 1 kb DNA ladder (Thermo

scientific, #SM0311),lane C; external control,LLla lane N; negative control
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F9190kHa

lasannmsugaseanvasin AP7 (iunalnad
faydansaanaanvaIng msanENassiidaIns
Taanunagnpasduiasrinmantinisnuasiu
AP1 ludapth esandu APT azmnuamIsiig
transcription factor 14 MADS-box domain lagiazwy
MsusRsaanUeIin APT eaudszzisuinmIwamn
posaaen  lUanieszpsfidmsimuenissanau
IA89UaznAUABN (Mendel et al., 1992)

devnmslasuunssiuuestn AP1 lagldlns
Wasuuy degenerated WU le DNA2 Lavawia 279

dlusuaz 397 ﬂLUﬁLL@iﬁLﬁm DNA a%1@ 397 flug

A A Aa A o A A A o
%30 129 n3aaziilu NdeuweunuiuNALIT
Aunseanaanls MADS-box domain luNTva18%Ha
vin  zap1 fwdludnlwe  iflesnnlwsweiign

a a 6 =1 =1
pANUULININUSIMEUINYYRIDU  APT TuiNg
RANRANOTHA IV Lay DNA Uua 279 BIE
A al = = Qs o %
%30 43 nynaily lulanunlsunudaurainsass
A { A A A A v o
Alunifenniusfiale 9  Gsenafienmadnay
vxmm‘hLmu',aﬁamﬁuﬁﬁmad"lmma‘? FRaNLu
degenerated YA lanandn laidumnzunas (Linhart
and Shamir, 2002) LazM37 WU DNA ludash
1%Lﬂuszyzﬂ'suqu (external control) L&AIINEW APT
59 I TNTWEAIB0N WIBNA beNaaanvaIsauled

a @ aA o ' A
VLNLTNW@N'HWL?JQQQU‘]J'IQ']EJ 4 190

A13197 1 MITWBL TN NveIu9FIU8 8w AP1 910 Saccharumspontaneum ‘mmmammﬂﬁuﬁ: 98-244

Taol4l15unsw Blast2Go”

Gene OntologyTerm Patents Score*
Biological process
Meristem development Organ development, tissue development 1.25
Maintenance of floral meristem Maintenance of meristem identity 1.0
identity
Maintenance of inflorescence Maintenance of meristem identity 1.0
meristem identity
Floral meristem determinacy Meristem determinacy, flower development, 1.0
developmental process involved in reproduction
Fruit development Reproductive structure development 1.0
Flower development Reproductive structure development, post- 0.6
embryonic development, shoot system development
Molecular function
Sequence-specific DNA binding Nucleic acid binding transcription factor activity 1.0
transcription factor activity
Protein heterodimerization activity Protein dimerization activity 1.0
Cellular component
Nucleus Intracellular membrane-bounded organelle 1.0
Intracellular membrane-bounded Intracellular organelle, membrane-bounded 0.60

organelle organelle

*Score:E-value hit filter = 1.0E-6, Annotation cut off = 55 and GO-weight = 5
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ﬂ’liﬁ’m’lm%mﬁf’lﬁmadﬁu (gene ontology annotation)
e gunumwinfimshnursafanssuens 9
Twaasvasunaginaasin AP1 Alaawld ldun wihd
L‘Bﬂmaqa (molecular  function) NITVIUAITINI
Fanw (biological process) LLa:@ﬁLmﬂGﬁwunWIu
188 (cellular function) W M3 E s fiazsin
laswuin  lassn
AP1

NINTELIUNITINW DU ALY

1 v v d' 1 a d’ v
Ingusrminfaasunsiwsastin Mlaanlaay

NEITBINUNINAWIVEINNAEN NNTBANABN LAY

{ & { A A ¥
Lﬂﬁﬂuuﬂmmmaﬂﬁauyjmﬁ FINANITILATIZHTE

fUIONEN N UN9EIRUaIbn APT Alaawleiiln

UNEINeIEn  APT  AMuWwenI®e AP1

transcription factor ludasia3g

WaHUIUHANIFN U DNATITIINNTIATIZR

Bdif1-278
Zmz2/1-271
Zmg W 1-305
SHi1-270
Osa 1-296
SAPW1-129
SitF1-269

Bdif1-278
Zma2/1-271
Zmra /1-305
Shif1-270
Os2/1-296

Phylogram wumﬂuﬁuﬁuﬁmdﬁuqnﬁmmiw
UEINVDITU APT Nlaawle nudu AP7 1 MADS-
box domain MWATWAINWALTRA 1T T2 T1IHN
) < A a A . .
T1lna  0wwdes nzwa1 welewmna  Arabidopsis
J1IRRIINTEIaN (foxtail millet) Medicaga Wae
Brachy podium Mendel et al. (1992) na1indw AP1
9

P & A d o, v do o
Luﬂ\‘mqﬂL']Juﬂu‘ﬂ‘ﬂ']'ﬂu’l'ﬂa’]ﬂfyl%ﬂszu’)%ﬂqiaaﬂﬂﬂﬂ

o< & A da o ¢ - <
Wb Lﬂuﬂ%ﬂ&lﬂ?quawﬁﬂﬁgdluv‘lﬁﬂﬂﬂ'ﬂ'.]

LL@iLﬁaamﬂsLugmiTaQa Phytozome ifuﬂi'mgﬁ“ﬂ"a%m
20381 AP1 Zuﬁﬂmgmf\j (complete sequence AP1
gene) mﬂﬂ’i’]ﬁ“ﬂmgmtam (partial sequence AP1
gene) hlkamsiuwsanunilonuaasliunssin
2p38u AP1 ﬁiﬂauvl,ﬁﬁmﬁmlﬂﬁ%@]maﬁuqﬂsmmu

a - & ' ' g A
Bosldmefizludsdunninluiboaden

BAP =129

[itFA-2AS

Bdif1-278
Zmz2/1-271
Zma 1/1-305
SHiF1-270
Os2/1-296
SAFP/1-129
Sit1-269

2I20
ASRQRQOQQ

Bdif1-278 1 } 1 \ Ly
Zma2/1-271 ] L L A
Zma W 1-305 {
SHiF1-270
Osa/1-296
SAPW-129
Sitr1-269

. 20
Bdif1-278 AQAHAQAQAQT
Zma2/1-271
Zma /1-305
Shif1-270
Osar 1-296
SAP1-129
Sitr1-269

Bdir1-278
Znem 27212717
Zaes 21-305
Shis1-270
Oz 1-296
SAPWI-129
Sitr1-269

rRQQ
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