NRC Publications Archive
Archives des publications du CNRC

Expression profiling of development related genes in rice plants
ectopically expressing AtTOR
Bakshi, Achala; Moin, Mazahar; Datla, Raju; Kirti, P. B.

This publication could be one of several versions: author’s original, accepted manuscript or the publisher’s version. /
La version de cette publication peut être l’une des suivantes : la version prépublication de l’auteur, la version
acceptée du manuscrit ou la version de l’éditeur.
For the publisher’s version, please access the DOI link below./ Pour consulter la version de l’éditeur, utilisez le lien
DOI ci-dessous.

Publisher’s version / Version de l'éditeur:
https://doi.org/10.1080/15592324.2017.1362519

Plant Signaling and Behavior, 2017-08-17

NRC Publications Record / Notice d'Archives des publications de CNRC:

https://nrc-publications.canada.ca/eng/view/object/?id=1ef043d9-8cc1-4d92-90ed-4633579d45ee
https://publications-cnrc.canada.ca/fra/voir/objet/?id=1ef043d9-8cc1-4d92-90ed-4633579d45ee
Access and use of this website and the material on it are subject to the Terms and Conditions set forth at
https://nrc-publications.canada.ca/eng/copyright
READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE.
L’accès à ce site Web et l’utilisation de son contenu sont assujettis aux conditions présentées dans le site
https://publications-cnrc.canada.ca/fra/droits
LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.
Questions? Contact the NRC Publications Archive team at
PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the
first page of the publication for their contact information.
Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la
première page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez
pas à les repérer, communiquez avec nous à PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

ACCEPTED MANUSCRIPT
Short Communication
Expression Profiling of Development Related Genes in Rice Plants Ectopically Expressing
AtTOR

Downloaded by [National Research Council Canada] at 08:01 24 August 2017

Achala Bakshi1, Mazahar Moin1, Raju Datla2, P. B. Kirti1*
1

Department of Plant Sciences, University of Hyderabad, Hyderabad-500046

2

National Research Council of Canada, Saskatoon, Saskatchewan, Canada S7N 0W9

Submitted: 20 June 2017
Accepted:

Key words: TOR, Transcription factor, shoots apical meristem, cell proliferation
Abbreviations: AtTOR, Arabidopsis thaliana Target of Rapamycin; OsFON1, Oryza sativa
FLORAL ORGAN NUMBER 1; OsWOX3, Oryza sativa WUSCHEL- like Homeobox 3;
OsKNOX2, Oryza sativa KNOTTED2-like homeobox; OsKNOX3, Oryza sativa KNOTTED3-like
homeobox; OsOSE2, Oryza sativa ORGAN SPECIFIC ELEMENT 2; OsPIN1c, Oryza sativa
PIN FORMED-1c, SAM, Shoot Apical Meristem; TFs, Transcription factors; WT, Wild Type;
DAG, Days After Germination
*

Correspondence to:

P. B. Kirti, Email: pbkirti@uohyd.ac.in; Phone: +91-40-23134545
Contact details of authors:
Achala Bakshi: achalabakshi@gmail.com; Mazahar Moin: moinmazahar@gmail.com; Raju
Datla: raju.datla@pbi.nrc-cnrc.ca

ACCEPTED MANUSCRIPT

ACCEPTED MANUSCRIPT
Abstract
Expression analysis of genes associated with development at different growth stages such as
shoot apical meristem (SAM), root apical meristem (RAM), shoot and root tissues 10 DAG,
flowers and grains of two high expression transgenic lines of rice ectopically expressing AtTOR
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revealed the involvement of AtTOR in transcriptional regulation of these genes. We have
observed that in the SAM of these two selected lines, TR-2.24 and TR-15.1, OsFON1 and
OsFON4 (orthologs of AtCLV1 and AtCLV3, respectively), OsKNOX2, OsKNOX3 and OsWOX3
became up-regulated. The up-regulation of OsFON1 and OsFON4 is likely to be involved in the
maintenance of effective meristem size of the inflorescence and phyllotaxis. The grains and
spikes of transgenic plants exhibited enhanced transcript levels of OsMADS1, OsMADS6, and
OsMADS29 further implicating the role of TOR in modulating the expression of the genes in rice
grain formation and development. Moreover, the up-regulation of auxin transporter, PIN1c in
RAM and roots derived from seedlings 10 DAG showed the involvement of TOR in root
development. The seeds of two high expression lines also showed increased expression of OSE2
and GAMYB transcription factors involved in seed development. In summary, the present study,
by heterologous expression of AtTOR in rice, demonstrated the involvement of TOR in
regulating genes involved in various growth and developmental stages of rice plant and also in
photosynthesis, productivity related functions and water-use efficiency.
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TEXT
The conserved Ser/Thr protein kinase, Target of Rapamycin (TOR) regulates growth and
development in all eukaryotes. The pivotal role of TOR in embryonic development has been
demonstrated in Arabidopsis in various studies.1 TOR expression had been predominantly
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reported in root and shoot meristems.2 The tor knockout mutants or treatment of plants with TOR
inhibitors exhibited reduced root meristem and leaves.1,3 Transgenic Arabidopsis plants
overexpressing TOR exhibited increased root and shoot growth with enhanced seed yield.4 Also,
the up-regulation of the rRNA transcripts was reported in AtTOR overexpression transgenic
Arabidopsis.1 In our previous report, the overexpression of AtTOR in indica rice plants lead to
increased plant height, tillering, panicle length and seed yield.5 The high yielding phenotypes in
transgenic Arabidopsis and rice that exhibited overexpression of AtTOR highlighted the
functions of activated TOR signaling in transgenic plants.1,5 Additionally, the photosynthesis
derived glucose and light mediated TOR signaling also activated cell proliferation in root and
shoot meristems.2,6 The AtTOR overexpressing transgenic rice plants in T2 generation were
separated into high, medium and low lines based on transcript levels of AtTOR. The high
expression lines, TR-2.24 and TR15.1 had enhanced photosynthetic and water-use efficiency
compared with the low expression line, TR5.1 and WT.5 Based on the observed yield attributes,
we had selected these two lines (TR2.24 and TR15.1) for exploring the expression of genes
involved in rice development. Quantitative expression analysis of these developmental genes
showed that TOR is also involved in the modulation of the expression of development related
genes in rice.
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In this study, we have selected eleven important genes involved in rice development such as
OsFON1 (an ortholog of AtCLV1), OsWOX3, OsKNOX2, OsKNOX3, OsFON4 (an ortholog of
AtCLV3), OsMADS1, OsMADS6, OsMADS29, OsGAMYB, OsOSE2 and OsPIN4 (presently
named as OsPIN1c) in various developmental stages of rice. The OsFON1, OsWOX3, OsKNOX2

Downloaded by [National Research Council Canada] at 08:01 24 August 2017

and OsKNOX3 are involved in proliferation of SAM. CLV3 functions as a peptide ligand for a
receptor like kinase consisting of leucine rich repeats (LRR-RLK), CLV1. In Arabidopsis and
also in grass species, CLV3 negatively regulates the expression of WUS to reduce the
proliferation of stem cells in SAM.7 The CLV3 overexpression completely eliminates stem cells
resulting in meristem termination, whereas its loss of function causes over-proliferation of
meristem.8,9,10 The CLV3/CLV1 complex regulates the WUS activity in the organizing center of
the apical meristem.11 The FLORAL ORGAN NUMBER (FON) genes in rice are CLV orthologs
and are involved in the meristem maintenance.12,13 Rice FON4 (FLORAL ORGAN NUMBER 4)
encodes an Arabidopsis CLV3 ortholog, containing similar functional CLE motif.14 FON4 also
regulates SAM development in rice and fon4 mutants in rice exhibited increased floral organ
number and more than one primary rachis.14,15 Similarly, FON1 in rice is expressed in all
meristems regulating development of vegetative tissues and functions as AtCLV1.12 The KNOX
(KNOTTED1-like homeobox) transcription factors have a key role in SAM and leaf
development.16,17,18 The OsWOX3 (WUSCHEL-like homeobox 3) regulates leaf and flower
development and is specifically expressed in leaf primordial and floral meristems. It also induces
the expression of KNOX genes.19 The other transcription factors like MADS-box and GAMYB
are primarily associated with flower development.20 GAMYB is highly expressed in aleurone
tissue of germinating cereal seeds and also involved in seed development.21 OsMADS6 regulates
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the development of floral meristems and its loss of function mutants have been shown to exhibit
altered floral organ identities.22 The combination of OsMADS6 and OsMADS1 controls flower
patterning in rice.23 The OsMADS29 regulates early stages of seed developmental by regulating
grain filling, grain weight and grain size.24 A bZip transcription factor, OsOSE2 (organ-specific
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elements-2) has also been reported to regulate embryogenesis and other stages of development.25
The PIN (PIN- FORMED) proteins are auxin efflux carriers, which facilitate auxin flow and its
distribution toward root tips and growing meristems.26 The Arabidopsis thaliana PIN1 mutants
were first characterized for their pin-like inflorescence. The OsPIN1c is expressed in early stages
of lateral root primordial development.5

Previously we have reported that two high AtTOR expression transgenic lines of rice, TR-2.24
and TR-15.1 displayed increased plant height, panicle length, increased number of tillers and
increase in overall seed yield of the plant compared to WT rice along with enhanced water use
efficiency.5 This study suggested the involvement of AtTOR in the observed development
associated phenotypes of these rice transgenic lines.
To get further insights into the underlying genetic factors, we have performed expression
analysis of several development associated genes in high AtTOR expression lines, TR-2.24 and
TR-15.1 in T3 generation in the present study. We have used three biological replicates to isolate
total RNA from different tissues of two lines (TR-2.24 and TR-15.1) along with WT controls.
The RNAs used in the study include shoot and root tissues from 10 DAG seedlings, SAM, RAM
(3-4 cm growing tips of seedlings), embryo, flowers, grains, seeds and spikes of panicles.

5

ACCEPTED MANUSCRIPT

ACCEPTED MANUSCRIPT
The seeds and embryonic tissues were collected after maturity and overnight incubation of
sterilized transgenic and WT seeds in water, respectively. The 10 DAG transgenic and WT
seedlings were transferred to pots in greenhouse for further growth and collection of the other
tissues, such as flowers, which were collected 50 d after transfer of seedlings, whereas the grains
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and the spikes were collected after 65 d.
The total RNA was isolated from 100 mg tissues of transgenic and WT plants using Trizol
(Sigma Aldrich, St. Louis, Missouri, US) method. The first strand cDNA was synthesized using
2 µg of total RNA and SMARTTM MMLV Reverse Transcriptase (Takara Bio, Clonetech, USA).
The seven times diluted cDNA was used for qRT-PCR analysis of different developmental genes
using SYBR Green ® Premix (Takara Bio, Clonetech, USA). The primers used in qRT-PCR
have been listed in Table 1. The qRT PCR reaction conditions included an initial denaturation at
94°C for 2 min, followed by 40 cycles of 94°C for 15 sec, with annealing temperature ranging
from 50-55°C for 25 sec and an extension at 72° C for 30 sec. The qRT PCR data of three
biological and three technical replicates was analyzed according to the ΔΔCT method.27 The
expression of rice Actin1 was used as an endogenous positive control. The two selected high
expression rice transgenic lines, TR-2.24 and TR-15.1 exhibited increased panicle length with
the concurrent enhanced expression of OsMADS1, OsMADS6 and OsMADS29 in grains
compared with WT (Fig. 1a, 1c & 1e). The enhanced expression of OsMADS1 and OsMADS6
was also observed in spikes of transgenic lines indicating the regulation of spike and seed
development by TOR (Fig. 1b & 1d). The up-regulation of OsFON1, OsKNOX2, OsWOX3,
OsKNOX3 and OsFON4 genes in SAM tissues of the two selected lines indicated the role of
TOR and its associated signaling pathways in shoot development (Fig. 1g, 1h, 1i, 1j & 1k).
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The OsFON4 was expressed up to 1.5 fold higher in transgenic lines compared with WT. The
simultaneous up-regulation of both FON1 and FON4 genes in the SAM of high expression lines
had no other detectable developmental defects on shoot meristem. These results suggest that
although the FON4 is an ortholog of CLV3 of Arabidopsis, It has also been reported previously
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that the fon1 mutants in rice showed enlarged floral meristem whereas, the vegetative meristem
had normal development.12,28 The exogenous application of FON4 peptide on rice RAM had not
resulted in any perturbed phenotype suggesting the presence of other unknown receptors like
FON1 receptor for FON4 in rice.15 Also, the increased and similar expression of both OsFON1
and OsFON4 in transgenic lines might possibly be a reason for executing continuous activation
of rice WUS-like genes and balancing the meristematic activity in shoot apex. The continuous
but balanced WUS activity in SAM of AtTOR transgenic plants led to increased shoot growth.
The bzip TF, OsOSE2 expression was also enhanced in embryos of AtTOR transgenic seeds
suggesting the TOR mediated activation of genes involved in embryonic and seed/grain
development (Fig. 1l).
The TOR activates nutrient and energy signaling at growing root apices and the ROS-TOR
signaling mediates negative tropism in roots in order to avoid the light and salt stress. 2,29 The
auxin efflux carrier, OsPIN1c was up-regulated in both RAM and roots of 10 DAG transgenic
seedlings suggesting the involvement of TOR in root development (Fig. 1m&1n). In our
previous report, we have shown that germination and growth of the high expression rice
transgenic lines on MS medium with glucose as a supplement resulted in significant upregulation of TOR transcripts with enhanced lateral root formation. This is possibly due to the
TOR mediated activation of PIN1c to improve the auxin transport in root meristems.5 The Myb
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TFs such as OsGAMYB involved in gibberellic acid signaling regulates anther and pollen
development, which is ultimately related to grain maturity and seed development.30 The
interaction of GAMYB TFs with other TFs has been reported in the activation of endosperm
specific genes during seed development in Barley.31 The OsGAMYB was up-regulated 3-fold in
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seeds of transgenic lines, whereas no significant expression of OsGAMYB was noticed in
flowers (Fig. 1o & 1p). Although transgenic seeds exhibited increased transcript levels of
OsGAMYB, there was no phenotypic distinction suggesting the post-transcriptional regulation of
the OsGAMYB in the normal seed development.
Our present study explored the novel functions of AtTOR in regulating genes involved in
meristem growth and overall development of rice. The key findings of this study suggest that
targeting TOR signaling could potentially generate a novel tool for developing performance
conferring phenotypes in rice. The recent research on plant TOR signaling has mainly focused on
model plant Arabidopsis. Only limited reports are available on crop plants and much needs to be
elucidated. The available literature on TOR suggests that it is a very effective gene for genetic
manipulation in crop plants for enhanced productivity and abiotic stress tolerance.
Acknowledgements
The

funding

for

the

current

study

was

obtained

through

a

grant

(BT/PR13105/AGR/02/684/2009) sponsored by the Department of Biotechnology, GOI, to PBK.
AB acknowledges DBT, GOI for Project Fellowships. MM also acknowledges DBT for
Research Fellowships. The authors are grateful for the facilities under UGC-SAP-DRS-I, DSTFIST and the DBT-CREBB extended by the Head, Department of Plant Sciences, University of
Hyderabad.

8

ACCEPTED MANUSCRIPT

ACCEPTED MANUSCRIPT
References
1. Ren M, Venglat P, Qiu S, Feng L, Cao Y, Wang E. et al. Target of rapamycin signaling
regulates metabolism, growth, and life span in Arabidopsis. Plant Cell 2012; 24:4850-74;
PMID: 23275579; http://dx.doi.org/10.1105/tpc.112.107144

Downloaded by [National Research Council Canada] at 08:01 24 August 2017

2. Xiong Y, McCormack M, Li L, Hall Q, Xiang C, Sheen J. Glucose-TOR signalling
reprograms the transcriptome and activates meristems. Nature 2013; 496:181-6; PMID:
23542588; http://dx.doi.org/10.1038/nature12030
3. Montane M-H, Menand B. ATP-competitive mTOR kinase inhibitors delay plant growth by
triggering early differentiation of meristematic cells but no developmental patterning change.
J Exp Bot 2013; 64:4361-74; PMID: 23963679; http://dx.doi.org/10.1093/jxb/ert242
4. Deprost D, Yao L, Sormani R, Moreau M, Leterreux G, Nicolaï M et al.
The Arabidopsis TOR kinase links plant growth, yield, stress resistance and mRNA
translation. EMBO

Reports.

2007;8(9):864-870;

PMID:

17721444;

http://dx.doi.org/10.1038/sj.embor.7401043.
5. Bakshi A, Moin M, Kumar MU, Reddy AB, Ren M, Datla R. et al. Ectopic expression of
Arabidopsis Target of Rapamycin (AtTOR) improves water-use efficiency and yield
potential

in

rice.

Nature

Sci.

Rep.

2017;

23:42835;

PMID:

28230163;

http://dx.doi.org/10.1038/srep42835
6. Li X, Cai W, Liu Y, Li H, Fu L, Liu Z et al. Differential TOR activation and cell
proliferation in Arabidopsis root and shoot apexes. Proc Natl Acad Sci USA 2016;
114:2765-70; PMID: 28223530; http://dx.doi.org/10.1073/pnas.1618782114

9

ACCEPTED MANUSCRIPT

ACCEPTED MANUSCRIPT
7. Wang G, Fiers M. CLE peptide signaling during plant development. Protoplasma 2009;
240:33-43; PMID:20016993; http://dx.doi.org/10.1007/s00709-009-0095-y
8. Brand U, Fletcher JC, Hobe M, Meyerowitz EM, Simon R. Dependence of stem cell fate in
Arabidopsis on a feedback loop regulated by CLV3 activity. Science 2000; 289:617-9;

Downloaded by [National Research Council Canada] at 08:01 24 August 2017

PMID:10915624; http://dx.doi.org/10.1126/science.289.5479.617
9. Clark SE, Williams RW, Meyerowitz EM. The CLAVATA1 gene encodes a putative
receptor kinase that controls shoot and floral meristem size in Arabidopsis. Cell 1997;
89:575-85; PMID:9160749; http://dx.doi.org/10.1016/S0092-8674(00)80239-1
10. Muller R, Borghi L, Kwiatkowska D, Laufs P, Simon R. Dynamic and compensatory
responses of Arabidopsis shoot and floral meristems to CLV3 signaling. Plant Cell 2006;
18:1188-98; PMID:16603652; http://dx.doi.org/10.1105/tpc.105.040444
11. Lenhard M, Laux T. Stem cell homeostasis in the Arabidopsis shoot meristem is regulated
by intercellular movement of CLAVATA3 and its sequestration by CLAVATA1.
Development 2003; 130:3163-73; PMID:12783788; http://dx.doi.org/ 10.1242/dev.00525
12. Suzaki T, Sato M, Ashikari M, Miyoshi M, Nagato Y, Hirano HY. The gene FLORAL
ORGAN NUMBER1 regulates floral meristem size in rice and encodes a leucine-rich repeat
receptor kinase orthologous to Arabidopsis CLAVATA1. Development 2004; 131:5649-57.
PMID: 15509765; http://dx.doi.org/10.1242/dev.01441
13. Cock JM, McCormick S. A large family of genes that share homology with CLAVATA3.
Plant Physiol 2001; 126:939-42; PMID: 11457943; http://dx. doi.org/10.1104/pp.126.3.939
14. Chu H, Qian Q, Liang W, Yin C, Tan H, Yao X, et al. The FLORAL ORGAN NUMBER4
gene encoding a putative ortholog of Arabidopsis CLAVATA3 regulates apical meristem

10

ACCEPTED MANUSCRIPT

ACCEPTED MANUSCRIPT
size

in

rice.

Plant

Physiol

2006;

142:1039-52;

PMID:

17012407;

http://dx.doi.org/10.1104/pp.106.086736
15. Chu H, Zhang D. The shoot apical meristem size regulated by FON4 in rice. Plant Signal
Behav 2007; 2:115-6; PMID: 19704753; http://dx.doi.org/10.4161/psb.2.2.3641

Downloaded by [National Research Council Canada] at 08:01 24 August 2017

16. Mukherjee K, Brocchieri L, Burglin TR. A comprehensive classification and evolutionary
analysis of plant homeobox genes. Mol Biol Evol 2009; 26:2775-94; PMID: 19734295;
http://dx. doi.org/ 10.1093/molbev/msp201
17. Tsuda K and Hake S. Diverse functions of KNOX transcription factors in the diploid body
plan

of

plants.

Curr

Opin

Plant

Biol

2015;

27:91-6;

PMID:26190742;

http://dx.doi.org/10.1016/j.pbi.2015.06.015
18. Furumizu C, Alvarez JP, Sakakibara K, Bowman JL. Antagonistic roles for KNOX1 and
KNOX2 genes in patterning the land plant body plan following an ancient gene duplication.
PLoS

Genet

2015;

11;11:e1004980;

PMID:25671434;

http://dx.doi.org/10.1371/

journal.pgen.1004980
19. Dai M, Hu Y, Zhao Y, Liu H, Zhou D-X. A WUSCHEL-LIKE HOMEOBOX gene represses
a YABBY gene expression required for rice leaf development. Plant Physiol 2007; 144:38090; PMID:17351053; http://dx.doi.org/10.1104/pp.107.095737
20. Kater MM, Dreni L, Colombo L. Functional conservation of MADS-box factors controlling
floral organ identity in rice and Arabidopsis. J Exp Bot 2006; 57:3433-44; PMID:16968881;
http://dx.doi.org/10.1093/jxb/erl097
21. Kaneko M, Inukai Y, Ueguchi-Tanaka M, Itoh H, Izawa T, Kobayashi Y, et al. Loss-offunction mutations of the rice GAMYB gene impair α-amylase expression in aleurone and

11

ACCEPTED MANUSCRIPT

ACCEPTED MANUSCRIPT
flower

development.

The

Plant

Cell

2004;

16:33-44;

PMID:14688295;

http://dx.doi.org/10.1105/tpc.017327
22. Li H, Liang W, Jia R, Yin C, Zong J, Kong H. The AGL6-like gene OsMADS6 regulates
floral organ and meristem identities in rice. Cell Res. 2010; 20:299-313; PMID: 20038961;

Downloaded by [National Research Council Canada] at 08:01 24 August 2017

http://dx.doi.org/10.1038/cr.2009.143
23. Li H, Liang W, Hu Y, Zhu L, Yin C, Xu J. Rice MADS6 interacts with the floral homeotic
genes SUPERWOMAN1, MADS3, MADS58, MADS13, and DROOPING LEAF in
specifying floral organ identities and meristem fate. Plant Cell 2011; 23:2536-52; PMID:
21784949; http://dx.doi.org/10.1105/tpc.111.087262
24. Nayar S, Sharma R, Tyagi AK, Kapoor S. Functional delineation of rice MADS29 reveals its
role in embryo and endosperm development by affecting hormone homeostasis. J Exp Bot
2013; 64:4239-53; PMID: 23929654; http://dx.doi.org/10.1093/jxb/ert231
25. Yi N, Kim Y, Jeong M-H, Oh S-J, Jeong J, Park S-H, et al. Functional analysis of six
drought-inducible promoters in transgenic rice plants throughout all stages of plant growth.
Planta 2010; 232:743-54; PMID: 20567981; http://dx.doi.org/10.1007/s00425-010-1212-z
26. Friml J, Vieten A, Sauer M, Weijers D, Schwarz H, Hamann T et al. Efflux-dependent auxin
gradients establish the apical–basal axis of Arabidopsis. Nature 2003; 426:147-53; PMID:
14614497; http://dx.doi.org/10.1038/nature02085
27. Livak KJ & Schmittgen TD. Analysis of relative gene expression data using real-time
quantitative PCR and the 2(-Delta Delta C (T)) Method. Methods 2001; 25(4); 402–408;.
PMID: 11846609; http://dx.doi.org/10.1006/meth.2001.1262

12

ACCEPTED MANUSCRIPT

ACCEPTED MANUSCRIPT
28. Nagasawa N, Miyoshi M, Kitano H, Satoh H, Nagato Y. Mutations associated with floral
organ number in rice. Planta. 1996; 198(4):627-633; PMID: 28321674; http://dx.doi.org/
10.1007/BF00262651
29. Yokawa K and Balusˇka F. The TOR Complex: An Emergency Switch for Root Behavior.

Downloaded by [National Research Council Canada] at 08:01 24 August 2017

Plant

and

Cell

Physiology

2015;

0(0):

1–5;

PMID:

26644459;

http://dx.doi.org/10.1093/pcp/pcv191
30. Aya K, Ueguchi-Tanaka M, Kondo M, Hamada K, Yano K, Nishimura M et al. Gibberellin
modulates anther development in rice via the transcriptional regulation of GAMYB. Plant
Cell 2009; 21:1453–1453; PMID: 19454733; http://dx.doi.org/10.1105/tpc.108.062935
31. Diaz I, Vicente-Carbajosa J, Abraham Z, MartAbra M, Isabel-LaMoneda I, Carbonero
P. The GAMYB protein from barley interacts with the DOF transcription factor BPBF and
activates endosperm-specific genes during seed development. Plant Journal 2002;
29(4):453-64;PMID: 11846878

13

ACCEPTED MANUSCRIPT

ACCEPTED MANUSCRIPT
Figure Legend
Figure 1
Quantitative expression analysis of genes involved in development in rice
a, b) Expression of OsMADS1 in grains and spikes, c, d) Expression of OsMADS6 in grains and
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spikes, e, f) Expression of OsMADS29 in grains and spikes in high AtTOR expression transgenic
lines, TR-2.24 and TR-15.1. Similarly g) OsFON1, h) OsKNOX2, i) OsWox3, j) OsKNOX3, and
k) OsFON4, had increased transcript level in SAM of high AtTOR expression transgenic lines.
The expression level of l) OsOSE2 in embryo, m, n) OsPIN1c in 10 day old root and root apical
meristem, o, p) OsGAMYB in flower and seeds of high AtTOR expression transgenic lines. The
expression data was analysed by ΔΔCT method using mean of three biological and three
technical replicates. The relative expression was considered statistically significant at P value
<0.05 (represented with asterisks) based on one-way ANOVA in all the analyzed genes.
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Table 1
List of qRT-PCR Primers used for expression analysis
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S. No.

Primer name

Sequence 5'- 3'

Bases

1

OsOSE2 FP

CTAGTTGCGGTGAATACATGAG

2

OsOSE2 RP

CATATCAGCATACCTAGAGTCACC

3

OsWox3FP

AGCTTACACCACCAGCTACTACT

4

OsWox3RP

CCTGGTTGTAGTGGAAGAGG

7

Osknox2FP

8

Product size
22

281

23

101

TCTAGGACAGAGGGAGTGGTAT

22

294

Osknox2RP

GCACATCAGTAGCTGGAATAAG

22

9

Osknox3FP

AAATCTCTCGTCTTCTCGTCTC

22

10

Osknox3RP

TAGCAGCTAGGCTCTCTCTCTT

22

13

OsMADS1FP GAGAGAGAGAGAGAGGAGAGGA

22

14

OsMADS1RP CTGCATCCTGTGAGTTGTAGTT

22

15

OsMADS6FP ACTGATGATGGAACAAGTGGA

21

16

OsMADS6RP ATGGCTCTGTAGTTGCTGGT

20

17

OsMADS29FP GGAGCTAGGAGTAACTTGGAGA

22

18

OsMADS29RP

22

19

OsGAMYBFP GTAAACCAGACAGGGATGCTAA

22

20

OsGAMYBRP ATGGAGATAGTCAAAACCCACA

22

25

OsPIN1cFP

CTTACAAGAAGTTGCAGGATG

21

26

OsPIN1cRP

GACTTAAATGGTGCGCTAGTA

21

27

OsFON1FP

CCAATAGTGGTGACCTCCTC

20

24

20

CCAGTTCAGTAGTTCACACACC

16

246

274

117

260

144

208

159

ACCEPTED MANUSCRIPT

ACCEPTED MANUSCRIPT
28

OsFON1RP

GCAGTAGTAATCCGCCTGTT

21

29

OsFON4FP

GCTTCAGTTCTGAGCCTTTC

20

30

OsFON4RP

ACTCGATCCGGTAAACAGAG

20

31

OsActinFP

CTCCCCCATGCTATCCTTCG

20

32

OsActinRP

CTTCATGTCCCTCACAATTT

20

253
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