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Studies on OsHAP2,0sHAP3 and OsHAP5 gene family

members in rice with biological characterization of

OsHAP3E
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HAP complex, is a highly conserved heterotrimeric transcription factor that recognizes
with high specificity and affinity to the widespread CCAAT box promoter element. Some of
the plant HAP genes have been shown to play vital role in various developmental stages
in different plant species such as embryonic development, chloroplast biogenesis, root
nodulation and control of flowering time. To understand the complexity of rice HAP genes,
a comprehensive analysis of all three rice HAP gene family has been examined in this
study. | have identified and characterized all the rice HAP2, HAP3 and HAPS genes,
their expression pattern and possible interactions among the subunits of different family
members. ‘

A database search was performed with the highly conserved domain of plant and
yeast HAP proteins to identify the rice HAP2, HAP3 and HAP5 genes. Rice was found to
have ten HAP2, eleven HAP3 and seven HAPS5 genes. Rice HAP proteins contained a
conserved domain in their middle and variable sequences in their N- and C-terminus
regions as in Arabidopsis proteins. Phylogenetic analysis of OsHAP genes revealed
typical unique clusters within each family. Selective clusters have orthologous gene
members in Arabidopsis, while rice gene members also formed unique clusters from
those of Arabidopsis gene clusters.

Gene expression analysis was carried out for the OsHAP genes in plant leaf, shoot
apex, root, panicle, flower, ovary with developing embryo and regenerating calli. Gene
members from each family showed both ubiquitous and tissue specific expression
pattern.

Interactions among three HAP subunits proteins were investigated in a yeast
two-hybrid analysis system. Specific protein-protein interaction was observed among the
members of rice HAP family genes. Expression patterns of rice HAP gene members
together with their specificity in protein-protein interaction suggested the variation in HAP
complex formation is under the control of both regulation of gene expression and
interaction specificity of subunits. ‘

Rice HAP3 members, OsHAP3D and OsHAP3E were identified as LEC1 or L1L type
rice orthologs supported by phylogenetic analysis, conservation of characteristic amino
acid in the conserved domain and unique expression pattern. OsHAP3E over-expression
and suppression plant phenotypic studies together with microarray analysis of
regenerating calli over-expressing OsHAP3E suggested its involvement in plant height
control and inflorescence development. These results also suggested functional
divergence of OsHAP3E from its ortholog in Arabidopsis.

In contrast to animal and yeast with a single gene for each HAP subunit, plants consist
multiple gene members for each subunit, raising the number of possible combinations to
form the trimeric HAP complex. But in plant, together with regulation of gene expression
and interaction specificity of subunits can reduce the number of true HAP complex formed



in vivo. In addition it also leads to the emergence of functionally diverged gene members
in plant HAP family. Further studies on functional divergence of various plant HAP
members across species will be of interest to pursue, which could help understanding
plant HAP family from evolutionary perspective.
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BEFOGEEHMICEET S ABFNIIE, TATA Box © CCAAT box DL DKL DiE
BFICEBLTRONZBIINDS. CCAAT box HEHEI S BES UM ETILFET S
BFAITHD, BEFELICHIHICOESELTVWS. CORIKHEST 2 HAP BE#HIL3
DOOY T 1=y~ (HAP2, HAP3, HAPS) 2 o#maIN s, BRLOESHYTEHLEDOY
TAZy FbE IV —BEFRKEIS>TI—RINTLIORHL, EHTE3IDOHT
A=y FIRTAEIAV—FEHETS. COIIRBRBERTEENOEZS LEHRCLPERETA
SRTWwisly., Thirumurugan B 2 HAP BEFEIRTRAETAH I EICLD, HAP &
BEDBRTEEIHEVWEDOLDICEEMMLZONERFT L.

TS/ LTINS P YTy bEEFEMREKRL, 10 O HAP2 =T, 11 @ HAP3
WETF, TOOHAPS BERFERELRZ. 2O XF X+ 0O HAP BERTHIABRT S L,
HAP? =T CHEMIIBRFOMGHERKIEIEVWEEaNo 724, HAPS BEERETFTEEK
F—VaJERBRNWER.

REMFANE, Y7212y MEEFRRBEEMNCRETILObH UL, B - A8
BRODREBE I O77y I ERIMAGH DI ENH o~ HAPI T2y b2 —-KT 3
BETF3IDEZID EVTT, BEB2NA 7 Uy RETHY 72y FEIOHKEZRAND &,
HAP3A, HAPSD, HAPSE ® 3D HAPS H72=w hEDEAREICEL THZ D RS L
TWBZENRH -, TNHOHRE, B0l - HEBTREL TS HAP #HKIE,
BonzBEoY 71y FEREH DI EETRBLTVS.

COEDBEEMMEPBEERED ETEDLIBRYREEATVEINERANDIZDI,
Thirumurugan EZ HAP3 9722w k@ 2D, HAP3D, HAP3E oD W Tk 5Bl & R
HIEBR%ETo7-. HAP3D, HAP3E @ antisense RNA B AR/ ¥ — 2 BA LA TIHEL
DREL 2D, PRBHREHTZLELNBOLE. BHREEER TREFOBRICHR
WHRESN, ABERok. XAZ7OT7LABFICLD, BEERRARTIEFOERIC
WEE 72 MADS box BEEE T I— RLTW5 0sMADS55, OsMADSS6 MRTFORBMEL <
BOLTWVWBZENRDOMNo. TNHOBEETFIXITOE—FIZ CCAATbox 2> T3
® T, HAP3D, HAP3E iZ O0sMADS55, OsMADS56 BT DOFBEMEI M L TIHEF ORI
LTV aeEAE Y. HAPSD, HAPSE OB@BRE TR SN/ R BB HAPSA il RIJ
HTRBEZINTWEWOT, HAP3A & HAP3D, HAPSE L ERICHENMLLTWE I &
DR E N7,

Thirunurugan BRI NI EEEBOEBRTEBECLBEMLEVWIERAT -
WERODHEL, Z<OEELRTFT—FE2H5HH L. EELAY 7212y MEKTHORER,
BTy MEGEE, BERBGOERBOENE, K2 AP BEEENHRD 2 WEE
BERFOLANNTEERBESEZLTVWEIEEFTBLTVS. SHEELNLZHERE
FIALTHA P ESHANE—IFr—HBEFTI—RINTVIELDOEEEZTD 2 LITXD,
BEFEEOHBBEIEBECODWTEERARNEONS LHFETES. LEOHAT
Thirumurugan E0RXIIBLERSOER M-I LEERBLBE B THE L.



