ISSN: 2518-3834 (Online) — An International Peer-reviewed Journal

Q PSM Microbiology

Article Info

E Open Access
Citation: Zaynab, M., Noman, A,

Fatima, M., Saleem, T., Abbas, S.,

Raza, A., Igbal, M.N., 2018.
Proteomics Approach Reveals
Seed Germination Mechanism in
Model Plants. PSM Microbiol.,
3(1): 30-36.

Received: February 15, 2018
Accepted: March 15, 2018
Online first: March 26, 2018
Published: March 31, 2018

*Corresponding author:
Madiha Zaynab;

Email:
madiha.zaynabl4@gmail.com

Copyright: © 2018 PSM. This is
an open access article distributed
under the terms of the Creative
Commons Attribution-Non
Commercial 4.0 International
License.

Scan QR code to see this
publication on your mobile device.

Proteomics Approach Reveals Seed Germination

Mechanism in Model Plants

Madiha Zaynab™, Ali Noman? Mahpara Fatima®, Tahira Saleem® Safdar
Abbas®, Ammar Raza®, Muhammad Naeem Igbal*®

The School of Life Sciences, 2College of Crop Science, 3College of Plant Protection, Fujian
Agriculture and Forestry University, Fuzhou 350002, China.

4Department of Biochemistry Quid-e-Azam University, Islamabad, Pakistan.

5Department of Horticulture Bahaudin Zakrya University, Multan, Pakistan.

®pakistan Science Mission (PSM), Noor Kot 51770, Pakistan.

Abstract

Seed germination is a complex process which occurs by the successful regulation of different
factors necessary to regulate germination in a coordinated and sequential way, such as
phytohormones. Among three phases of seed germination, the second phase is the most
important due to reactivation of metabolic pathways. DELLAs accumulation in seed resulted in
the expression of gene related to F box protein. Gibberellins receptor, GIBBERELLIN INSEN-
STIVE DAWRF1 (GID1) protein in rice, and F box are involved in Della degradation in the
nucleus. In this mini-review, we summarize the protein related to the rice seed germination,
such as protein related to energy and carbohydrate metabolism. In spite of several studies
conducted to understand the genomic, transcriptomic, and metabolomics data still we are
unable to understand the mechanism of seed germination. To uncover the underlying
mechanism of germination, current challenges and future perspectives we write this review,
which might be helpful to understand the complex process of seed germination.
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INTRODUCTION

Seeds play a necessary role in the plant's life cycle
because most of the plant's progenies are generated
through seeds. It provides staple food for the world
population. Recalcitrant seeds contain a high content of
water and therefore they cannot be stored for a longer time
but on the other hand, orthodox are dry and quiescent
physiologically after ripening. They can keep their storage
viability over an extended period. Germination can be
defined as the process commencing with the uptake of
water and ending at the radicle protrusion. Germination of
seed can be divided into three phases but the most
important and critical phase in the germination of the seed
is the phase Il as all the important metabolic pathways and
physiological processes are reactivated in this phase
(Bewley, 1997). Seed can germinate readily under
favorable conditions in some species while in others;
specific treatments are required for the dormancy breaking.

Exquisite mechanism evolved by the plants to protect
the seed from damage and repair and seasonal dormancy
is a most frequent phenomenon among them (Footitt et al.,
2011). Some genes related to ABA synthesis participate
pre-harvest germination of rice seed (Fang et al., 2008).
During the early stages of germination, the late maturation
process of seeds can be triggered again (Lopez-Molina et
al., 2002), which might deliver vivipary preventing
knowledge. Numerous genetic factors have a significant
role over tobacco seeds and on the longevity of rice
(Agacka-Motdoch et al., 2015; Miura et al., 2002).

Proteomics has turned into a principal technology for
the proteins high-throughput analysis on a genome-wide
scale during the last decades. Quantitative protein data and
sensitivity compared with that attained at the genetic level
has become feasible through proteomics technologies.
This advancement has a major association in the
understanding cellular organization (Anderson et al., 2000;
Larance and Lamond, 2015). In rice proteomics, significant
improvement has been made in the well-organized,
functional characterization of proteins in the various tissues
and organelles of rice (Komatsu and Tanaka, 2005;
Neilson et al., 2014).

Proteomic studies on germination of rice seed have
been increased since the last decade. Germination of seed
is a complicated process, despite this how those multiple
events of seed germination are regulated in a sequential
and coordinated way during the period of germination is
basically mysterious. This review will assist in
understanding the compact process of germination
occurring in model plants such rice.

Physiology of rice seed germination

Rice has a tiny embryo and comparatively large
endosperm for nutrient accumulation. A well-known system
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for rice germination is the consumption of starch in
endosperm through GA-induced alpha-amylase expression
(Han et al., 2014; Li et al., 2016). Starch in endosperm
hydrolyzes into metabolizable sugars and provide the
energy required for root and shoots growth (Jeon et al.,
2010; Zanella et al.,, 2016). Previously, biochemical and
physiological studies had revealed that the expression of a-
amylase occurs in the layer of aleurone. First, biosynthesis
of active gibberellin (GA) commences in the embryo then
GAs is transported from the embryo to the layer of aleurone
(Huang et al., 2017). Then, a-amylase is released from the
layer of aleurone into the endosperm to catalyze stored
starch hydrating reaction (Hundertmark et al., 2011). Some
plants are capable of germination under anaerobic
conditions and rice is one of them that can germinate
through a rapid coleoptile elongation anaerobically (He and
Yang, 2013; Miro and Ismail, 2013). But the radicle cannot
grow well anaerobically, it protrudes well under aerobic
conditions and continues to elongate which proposed that
the availability of oxygen is another determinant feature for
proper germination (Howell et al., 2007).

Role of Phytohormones

Phytohormones play a vital role in seed germination.
Gibberellin (GA) and abscisic acid (ABA) have the most
striking effects on the seed during germination. ABA is well
known for its role in seeds dormancy, while GA has the
reverse effect (Carrio-Segui et al., 2016; Graeber et al.,
2010). The ABA inhibitory effects are through delaying the
expansion of the radicle and weakening of endosperm in
the seed germination. The enhanced expression of
transcription factors affects the process of seed
germination negatively (Graeber et al., 2010; Xi et al.,
2010). The gibberellin repressor RGL2 has the capability to
obstruct seed germination by giving rise to the production
of ABA as well as the related transcription factors (Ibarra et
al., 2016; Rosell6 et al., 2016; Zhong et al., 2015). The H
subunit of chloroplast protein, Mg-chelatase can act as
ABA receptor during different stages of plant growth
including germination of seed (Shen et al., 2006; Zhang et
al., 2014). It has been reported that G-PROTEIN
COUPLED RECEPTOR 2 can also act as another receptor
of ABA, arhitrating different ABA activities including its
effects on germination of seed (Liu et al., 2007). Only one
Ga (RGAT1), one GB (RGB1), four putative Gy (RGG1,
RGG2, DEP1/gPE9-1, and GS3) is present in rice
(Subramaniam et al., 2016; Urano, 2013). The mutant d1 in
rice was identified as an RGA1 mutant. RGAL disruption
leads to the altered morphology with dwarfism erect leaves,
and small round seeds (Sun et al., 2014; Utsunomiya et al.,
2011). No RGB1 mutant has been identified in rice.
Putative trans membrane protein encoding by GS3 was
categorized as a major quantitative trait locus for the length
of grain and weight in rice (Zhang et al., 2015). Currently, it
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has been revealed that qPE9-1/DEP1 is also engaged in
the stress reaction of cadmium and ions of cadmium are
also trapped by its C-terminal region (Kunihiro et al., 2013).
Besides this, two-hybrid assays in cells of yeast and
bimolecular fluorescence complementation assays in leaf
cells of tobacco exposed that DEP1 protein interrelates
with both RGA1 and RGB1, and RGA1l reduced or
enhanced the activity of RGB1 impedes responses of
nitrogen (Sun et al., 2014).

DELLA proteins

DELLAs collection of seeds can result in the
expression of gene producing F-box proteins.
GIBBERELLIN INSENSITIVE DAWRF1 (GID1) protein
interacts with proteins DELLA and eventually causing their
degradation in the nucleus and can bind to the biologically
active gibberellins (Ariizumi et al., 2008; Willige et al.,
2007). Three receptors, GID1a, GID2b, and GID2c act as
receptors of gibberellins in Arabidopsis thaliana. Activation
of genes responsible for gibberellins affects the cell wall
modifying proteins and hence responsible for endosperm
weakening (Voegele et al., 2011). Moreover, ABA can
prevent the endosperm weakening (Chen et al., 2016;
Linkies et al., 2009). The embryo can have access to the
seed endosperm, through some hydrolase enzymes
activities, is made of starchy seed part and the surrounding
aleurone (Bosnes et al., 1992; Kawakatsu and Takaiwa,
2010; Ye et al., 2015). Production of hydrolases and mainly
amylase is stimulated as a result of gibberellins, resulting in
the seeds germination. Such genes that are compelled for
amylases production including proteases, amylase, and

Table 1. Proteins involved in seed germination of rice
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glucanases, are induced by gibberellins (Yamaguchi,
2008).

Metabolic pathway related proteins in rice

Protein is related to metabolism such as carbohydrate,
glycolysis, Krebs cycle, gluconeogenesis and fermentation
pathway, existing as a major protein in the germination of
rice. In rice, endosperm starch exists as a principal reserve.
All-important enzymes participate degradation of starch to
hexose phosphate were present at 24 h of germination in
rice seed but only a-amylase abundance increased at
phase Il late stage. Other enzymes were not affected
during the entire process of germination (Yang et al., 2007;
Chen et al., 2016), which proposed that phase Il lead to the
degradation of starch metabolism. Pyruvate is the product
of glycolysis. Proteins that play role in TCA cycle were up-
regulated in rice (Table 2) (Yang et al., 2007). Succinyl-
CoA, malate dehydrogenase and ligase were steadily
accumulated during germination (Kim et al., 2009). Along
with glycolysis TCA cycle might deliver the leading energy
at the late stage of germination. Aerobic respiration was
very low because of the scarcity of functional mitochondria.

Pathway of anaerobic respiration such as fermentation
can be a primary energy source at the initial stage of
germination, supported by pyruvate decarboxylase, lactate
dehydrogenase and alcohol dehydrogenase identified
during this stage (He et al., 2011; Sharma et al., 2016). In
the germinating seeds, many enzymes belong to Pentose
phosphate pathway (PPP) identified (Job et al., 2005; Yin
etal., 2017).

Protein Function Reference

Aldehyde dehydrogenases Carbohydrates metabolism Hye Shin et al 2009

ATP Respiration Ali Al-Ani, and Alain Pradet 1985
synthase

Citrate synthase, TCA cycle Dongli He and Pingfang Yang 2013
Malate dehydrogenase, TCA cycle Dongli He and Pingfang Yang 2013
Phosphoenolpyruvate Glycolysis Dongli He and Pingfang Yang 2013

carboxykinase
Embryogenesis abundant protein

lactate dehydrogenase (LDH) Fermentation
Pyruvate decarboxylase Fermentation
Alcohol dehydrogenase fermentation

Citrate lyase

Stress response and development

Fatty acid biosynthesis

Dongli He and Pingfang Yang 2013
(He et al., 2011a,b; Yang et al., 2007)
(He et al., 2011a,b; Yang et al., 2007)
(He et al., 2011a,b; Yang et al., 2007)
Gallardo et al. (2001)

Mitochondrial protein

Seed germination, an energy-driven process, requires
fully functional mitochondria and mitochondrial biogenesis
is a complex process which is accompanied by persistent
and dynamic expression of a gene, synthesis of protein and
post-translational modifications. Mitochondrial proteins can

be divided into six key categories metabolism, respiration,
tricarboxylic acid cycle (TCA), Import/Transport, stress
response and chaperones (Czarna et al., 2016; Murcha et
al., 2014). Many enzymes involved in mitochondrial
metabolism are shown in the table (2).
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Table 2. High abundance enzymes in seed mitochondria and their importance in the process of seed germination.

Protein Function
Aldehyde dehydrogenase, monodehydroascorbate reductase, Metabolism
glyceraldehyde-3-phosphate dehydrogenase

Rieske protein, cytochrome c, the alpha and beta subunits of Respiration

ATP Synthase

the alpha and beta subunits of pyruvate dehydrogenase
El, citrate synthase, malate
phosphoenolpyruvate carboxykinase

Tom40, voltage-dependent anion channel (VDAC), adenine

nucleotide translocator

manganese superoxide dismutase, late embryogenesis

abundant protein

dehydrogenase,

TCA and carbon metabolism

import/transport

stress response and development

Protein-protein interaction

Enzymes are key factors for most cellular processes
and these enzymes are linked with each other forming
temporary or stable complexes of protein complexes to
enhance the efficiency, speed, and specificity of metabolic
pathways. The composition and structural knowledge of
these protein complexes can help to understand metabolic
pathway and cellular processes because identities of these
proteins are unable to deliver alone (Eubel et al., 2005).
After genomes sequencing, 1,429 protein kinases have
been identified that play a fundamental role in regulating of
different cellular processes in rice. It is clear that many
kinases function through their interactions with other
proteins (Ding and Goldberg, 2009).

Phosphoproteome

Proteins labeling with **P to detect phosphoproteins
are the highly selective and sensitive technique (Larsen et
al., 2001). It is paramount to know proteins population at
the state of phosphorylation at cellular or organelle level.
Post Translation Modification (PTM) broader knowledge in
the context of a functional cellular unit provides an
understanding of inside cell changes. For the identification
of phosphorylated proteins using in vitro protein
phosphorylation, a technique like 2-DE followed by MS
analysis. By phosphoproteomic germination analysis on
rice embryo, 109 proteins were proved to be
phosphorylation (Han et al., 2013). Protein phosphorylation
is involved in enhancement of stress response and
phosphorylation proteins signal transduction activate during
the initial germination stage, while stress response and
storage protein phosphorylation were enhanced at the late
stage. Phosphorylation of fructokinase, pyruvate kinase,
malate dehydrogenase, GDP-mannose 3,5-epimerasel,
ascorbate peroxidase and glutathione S-transferase can
consistently enhance their activity its proved by enzyme
assays.

CONCLUSION

Considerable progress has been made in proteomics
of model plants such as rice in the last two decades which
provide an inclusive insight of the rice development.
However, rice proteomics is still at preliminary stage. Data
on the proteome of rice is available, but this data provides a
broad description of the process of germination. Few
databases had been constructed compared to Arabidopsis
thaliana and soybean on rice proteome. it is essential to
organize genome, transcriptome, and metabolomics data
to understand the complex germination process in detail.
Quantitative proteome study such as iTRAQ and label-free
proteomics can help to understand the complex process of
seed germination. Different pathways of rice seed should
be studied one by one, it will provide detailed information
about proteins and its functions related to seed germination
process. Analysis of peptide of different pathways is very
difficult but it will be a great achievement to understand the
complex process of germination.

CONFLICT OF INTEREST

The authors declare that no competing interests exist.

REFERENCES

Agacka-Motdoch, M., Nagel, M., Doroszewska, T.,
Lewis, R.S., Borner, A., 2015. Mapping
guantitative trait loci determining seed longevity
in tobacco (Nicotiana tabacum L.). Euphytica,
202(3): 479-486.

Anderson, N.L., Matheson, A.D., Steiner, S., 2000.
Proteomics: applications in basic and applied
biology. Curr. Opin. Biotechnol., 11(4): 408-412.

Ariizumi, T., Murase, K., Sun, T.-p., Steber, C.M., 2008.
Proteolysis-independent  downregulation  of

PSM Microbiology | https://journals.psmpublishers.org/index.php/microbiol



Q PSM Microbiology

DELLA repression in Arabidopsis by the
gibberellin receptor GIBBERELLIN
INSENSITIVE DWARFL. plant cell., 20(9): 2447-
2459.

Bewley, J.D., 1997. Seed germination and dormancy.

Plant Cell, 9(7): 1055.

M., Weideman, F., Olsen, O.-A., 1992.
Endosperm differentiation in barley wild-type
and sex mutants. Plant J., 2(5): 661-674.
Carri6-Segui, A., Romero, P., Sanz, A., Pefarrubia, L.,

2016. Interaction Between ABA Signaling and
Copper Homeostasis in Arabidopsis thaliana.
Plant Cell Physiol., 57: 1568-1582.

Chen, B., Ma, J., Xu, Z., Wang, X., 2016. Abscisic acid
and ethephon regulation of cellulase in the
endosperm cap and radicle during lettuce seed
germination. J. Integ. Plant. Biol., 58(10): 859-
869.

Czarna, M., Kolodziejczak, M., Janska, H., 2016.
Mitochondrial Proteome Studies in Seeds during
Germination. Proteomes, 4(2): 19.

Ding, X., Goldberg, M.S., 2009. Regulation of LRRK2
stability by the E3 ubiquitin ligase CHIP. PLoS
One., 4(6): €5949.

Eubel, H., Braun, H.-P., Millar, A., 2005. Blue-native
PAGE in plants: a tool in analysis of protein-
protein interactions. Plant methods., 1(1): 11.

Fang, J. et al., 2008. Mutations of genes in synthesis of
the carotenoid precursors of ABA lead to pre-
harvest sprouting and photo-oxidation in rice.
Plant J., 54(2): 177-189.

Footitt, S., Douterelo-Soler, I., Clay, H., Finch-Savage,
W.E., 2011. Dormancy cycling in Arabidopsis
seeds is controlled by seasonally distinct
hormone-signaling pathways. Proceedings of
the National Academy of Sciences, 108(50):
20236-20241.

Graeber, K. et al.,, 2010. Cross-species approaches to
seed dormancy and germination: conservation
and biodiversity of ABA-regulated mechanisms
and the Brassicaceae DOG1 genes. Plant Mol.
Biol., 73(1-2): 67-87.

Han, C., Yang, P., Sakata, K., Komatsu, S., 2014.
Quantitative proteomics reveals the role of
protein phosphorylation in rice embryos during
early stages of germination. J. Proteome Res.,
13(3): 1766-1782.

Han, H. et al., 2013. MBNL proteins repress ES-cell-
specific alternative splicing and reprogramming.
Nature, 498(7453): 241-245.

He, D., Han, C., Yao, J., Shen, S., Yang, P., 2011.
Constructing the metabolic and regulatory
pathways in germinating rice seeds through
proteomic approach. J. Proteom., 11(13): 2693-
2713.

Bosnes,

34

2018; 3(1):30-36

He, D., Yang, P., 2013. Proteomics of rice seed
germination. Front. Plant Sci., 4: 246.

Howell, K.A. et al., 2007. Oxygen initiation of respiration
and mitochondrial biogenesis in rice. J. Biol.
Chem., 282(21): 15619-15631.

Huang, Y., Cai, S., Zeng, J., Wu, D., Zhang, G., 2017.
Isobaric Tags for Relative and Absolute
Quantitation Proteomic Analysis of Germinating
Barley under Gibberellin and Abscisic Acid
Treatments. J. Agric. Food Chem., 65(10): 2248-
2257.

Hundertmark, M., Buitink, J., Leprince, O., Hincha, D.K.,

2011. The reduction of seed-specific dehydrins

reduces seed longevity in Arabidopsis thaliana.

Seed Sci. Res., 21(03): 165-173.

S.E. et al, 2016. Molecular mechanisms

underlying the entrance in secondary dormancy

of Arabidopsis seeds. Plant Cell Environ., 39(1):

213-221.

Jeon, J.-S., Ryoo, N., Hahn, T.-R., Walia, H., Nakamura,
Y., 2010. Starch biosynthesis in cereal
endosperm. Plant Physiol. Biochem., 48(6): 383-
392.

Job, C., Rajjou, L., Lovigny, Y., Belghazi, M., Job, D.,
2005. Patterns of protein oxidation in
Arabidopsis seeds and during germination. Plant
Physiol., 138(2): 790-802.

Kawakatsu, T. and Takaiwa, F., 2010. Cereal seed
storage  protein  synthesis:  fundamental
processes for recombinant protein production in
cereal grains. Plant. Biotechnol. J., 8(9): 939-
953.

Kim, S.T. et al., 2009. Developing rice embryo
proteomics reveals essential role for embryonic
proteins in regulation of seed germination. J.
proteome.res., 8(7): 3598-3605.

Komatsu, S., Tanaka, N., 2005. Rice proteome analysis:
a step toward functional analysis of the rice
genome. Proteomics, 5(4): 938-949.

Kunihiro, M., Ozeki, Y., Nogi, Y., Hamamura, N., Kanaly,
R.A., 2013. Benz [a] anthracene
biotransformation and production of ring fission
products by Sphingobium sp. strain KK22. Appl.
Environ. Microbiol., 79(14): 4410-4420.

Larance, M., Lamond, A.l, 2015. Multidimensional
proteomics for cell biology. Nature Rev. Mol.
Cell Biol., 16(5): 269-280.

Larsen, M.R., Sgrensen, G.L., Fey, S.J., Larsen, P.M.,

Ibarra,

Roepstorff, P., 2001. Phospho-proteomics:
evaluation of the use of enzymatic de-
phosphorylation and differential mass

spectrometric peptide mass mapping for site
specific phosphorylation assignment in proteins
separated by gel electrophoresis. Proteomics,
1(2): 223-238.

PSM Microbiology | https://journals.psmpublishers.org/index.php/microbiol



Q PSM Microbiology

Li, Q.-F. et al.,, 2016. Dissection of brassinosteroid-
regulated proteins in rice embryos during
germination by  quantitative  proteomics.
Scientific reports, 6: 34583.

Linkies, A. et al., 2009. Ethylene interacts with abscisic
acid to regulate endosperm rupture during
germination: a comparative approach using
Lepidium sativum and Arabidopsis thaliana.
Plant Cell., 21(12): 3803-3822.

Liu, X. et al.,, 2007. AG protein-coupled receptor is a
plasma membrane receptor for the plant
hormone abscisic acid. Sci., 315(5819): 1712-
1716.

Lopez-Molina, L., Mongrand, S., McLachlin, D.T., Chait,
B.T., Chua, N.-H., 2002. ABI5 acts downstream
of ABI3 to execute an ABA-dependent growth
arrest during germination. Plant J. 32(3): 317-

328.
Miro, B., Ismail, A.M., 2013. Tolerance of anaerobic
conditions caused by flooding  during

germination and early growth in rice (Oryza
sativa L.). Front. Plant Sci., 4: 269.

Miura, K., Lin, S., Yano, M., Nagamine, T., 2002.
Mapping quantitative trait loci controlling seed
longevity in rice (Oryza sativa L.). Theor. Appl.
Genet., 104(6-7): 981-986.

Murcha, MW. et al., 2014. Protein import into plant
mitochondria: signals, machinery, processing,
and regulation. J. Exp. Bot., 65: 6301-6335.

Neilson, K.A. et al., 2014. Analysis of rice proteins using
SDS-PAGE shotgun proteomics. Plant
Proteomics: Methods and Protocols: 289-302.

Rosellg, P.L. et al., 2016. Differential hormonal and gene
expression dynamics in two inbred sunflower
lines with contrasting dormancy level. Plant
Physiol. Biochem., 102: 133-140.

Sharma, B., Acharya, R., Mehta, J., 2016. Analysis of
Seed protein of Rice genotype percentage due
to the effect of micronutrients and their
interaction. 1. J. A. R., 2(3): 571-573.

Shen, Y.-Y. et al., 2006. The Mg-chelatase H subunit is
an abscisic acid receptor. Nature, 443(7113):
823-826.

Subramaniam, G. et al., 2016. Type B heterotrimeric G
protein y-subunit regulates auxin and ABA
signaling in tomato. Plant. physiol.,, 170(2):
1117-1134.

Sun, H. et al., 2014. Heterotrimeric G proteins regulate
nitrogen-use efficiency in rice. Nat. Genet.,
46(6): 652-656.

Urano, D., Chen, J.-G., Botella, J.R., Jones, A.M., 2013.
Heterotrimeric G protein signalling in the plant
kingdom. Open. biol., 3(3): 120186.

Utsunomiya, Y. et al., 2011. Suppression of the rice
heterotrimeric G protein B-subunit gene, RGB1,

35

2018; 3(1):30-36

causes dwarfism and browning of internodes
and lamina joint regions. Plant. J., 67(5): 907-
916.
Voegele, A., Linkies, A., Miiller, K., Leubner-Metzger, G.,
2011. Members of the gibberellin receptor gene
family GID1 (GIBBERELLIN INSENSITIVE
DWARF1) play distinct roles during Lepidium
sativum and Arabidopsis thaliana seed
germination. J. Exp.Bot., 62(14): 5131-5147.
B.C. et al.,, 2007. The DELLA domain of GA
INSENSITIVE mediates the interaction with the
GA INSENSITIVE DWARF1A gibberellin
receptor of Arabidopsis. Plant Cell., 19(4): 1209-
1220.
Xi, W., Liu, C., Hou, X., Yu, H., 2010. MOTHER OF FT
AND TFL1 regulates seed germination through a

willige,

negative feedback loop modulating ABA
signaling in Arabidopsis. Plant Cell., 22(6):
1733-1748.

Yamaguchi, S., 2008. Gibberellin metabolism and its
regulation. Annu. Rev. Plant. Biol., 59: 225-251.

Yang, P. et al., 2007. Proteomic analysis of rice (Oryza
sativa) seeds during germination. J. Proteom.,
7(18): 3358-3368.

Ye, H. et al., 2015. Map-based cloning of seed
dormancy1-2 identified a gibberellin synthesis
gene regulating the development of endosperm-
imposed dormancy in rice. Plant Physiol.,
169(3): 2152-2165.

Yin, G. et al., 2017. Proteomic and Carbonylation Profile
Analysis at the Critical Node of Seed Ageing in
Oryza sativa. Sci. Rep., 7: 40611.

Zanella, M. et al., 2016. B-amylase 1 (BAM1) degrades
transitory starch to sustain proline biosynthesis
during drought stress. J. Exp. Bot., 67(6): 1819-
1826.

Zhang, D.-P. et al., 2015. Rice G-protein subunits gPE9-

1 and RGBL1 play distinct roles in abscisic acid

responses and drought adaptation. J. exp. bot.,

66(20): 6371-6384.

X. et al.,, 2014. Arabidopsis co-chaperonin

CPN20 antagonizes Mg-chelatase H subunit to

derepress ABA-responsive WRKY40

transcription repressor. Science China. Life

Sciences, 57(1): 11-21.

C. et al, 2015. Gibberellic Acid-Stimulated

Arabidopsis6 serves as an integrator of

gibberellin, abscisic acid, and glucose signaling

during seed germination in Arabidopsis. Plant

Physiol., 169(3): 2288-2303.

Zhang,

Zhong,

PSM Microbiology | https://journals.psmpublishers.org/index.php/microbiol



