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ABSTRACT
Pearl millet [Pennisetum glaucum (L.) R. Br.] (Known under synonyms P.americanum
(L.) Leeke or P. typhoides (Burm) Stapf and C.E. Hubb.), is an important cereal of
traditional farming systems in tropical and subtropical Asia and sub-Saharan Africa. It
accounts as the sixth most important crop after wheat, rice, maize, barley and sorghum in
terms of annual global production (FAO 1992). Pearl millet is the staple food grain with a
high nutritive value and is also used as feed, fodder and construction material. Its
potential as a source of bio fuel is also being explored (Wu et al., 2006). Pearl millet
(Pennisetum glaucum), commonly known as Bajra in India, is an important cereal crop
grown mainly in the arid and semi-arid regions of India and has the natural ability to
withstand many abiotic stresses as low moisture, high temperature and salinity etc.
Abiotic stresses such as drought, salinity, cold and heat stress pose a major concern for
agricultural production. With the deteriorating global climatic conditions, these
environmental stresses are emerging as the prime predicaments in agriculture, due to their
potential adverse impacts on food productivity and security. The expected enhancement
in the cereal production of around 60% (Rosegrant and Cline, 2003) will not be sufficient
to meet the food demand of 8.7 ~ 11.3 billion world population by 2050 (Bengtsson et
al., 2006).Drought is one of the main environmental constraints to agricultural
productivity worldwide. Many efforts have been made to elucidate the mechanisms of
drought tolerance in plants through molecular and genomics approaches, and a number of
genes that respond to drought stress at the transcriptional level have been reported.
Pennesitum (Bajra) has ability to tolerate drought owing to its several drought resistance
mechanism which aids them in growing under drought. Post-flowering drought stress is
one of the most important environmental factors that reduce the grain yield and yield
stability of pearl millet and increase the incidence of crop failure in dry land production
environments (Mahalakshmiet al., 1987).Drought are the major abiotic stresses that
adversely affect plant growth and agricultural productivity. To investigate genes that are
involved in response to abiotic stresses in Pennisetum glaucum, a comprehensive survey
of genes induced by drought stresses was done by qPCR. Here we identified differentially
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regulated transcripts in response to drought stress from subtracted cDNA libraries by
single-pass sequencing of cDNA clones. To elucidate the molecular basis of drought
response, to identify and characterize drought responsive genes in pearl millet, a drought
stress (30% PEG 6000) responsive subtractive hybridization library was constructed from
22days old pearl millet seedlings [Pennisetum glaucum cv. PPMI741and breeding line
(652-657)] subjected to drought stress at room temperature by 30% PEG 6000 for
different time periods (30 min, 2hr, 4hr, 8hr, 16hr, 24hr and 48hr). Plants with high water
retention capacity can better survive the drought stress. During 0 to 48 hours of a 30%
PEG600 treatment, P. glaucum PPMI741 exhibited high relative water content (RWC)
and showed a low water loss rate (WLR). RWC values indicate the drought tolerance
ability of Pearl millet in drought treated seedlings which increased with the duration of
stress. A subtractive cDNA library was constructed from drought stressed 22 day old
seedlings. A total of 2,400 EST sequences were clustered and assembled into a collection
of 745 unique sequences with 70 contigs and 352 singleton sequences. A total of 422
unique high quality ESTs identified, were submitted to ENA-EMBL databases
(Accession no.HG516611-HG517355). The ESTs were classified on the basis of
molecular function, biological processes and cellular localization based on Gene
Ontology search through RGAP (Rice Genome Annotation Project) BLASTx analysis.
More than 25% of the ESTs showed homology to genes directly involved in abiotic stress
response whereas 2% of the ESTs in the SSH library did not show any homology to
genes present in database. By sequence comparisons, the putative functions of many
ESTs could be assigned. Genes with stress related functions include those involved in
cellular defense against abiotic stresses and transcripts for proteins involved in stress
response signaling and transcription in addition to ESTs encoding unknown functions.
These provide new candidate genes for investigation to elucidate their role in abiotic
stress. The relative mRNA abundance of 10 selected genes was non-validated but these
were found to be involved in abiotic stresses. These include glutathione peroxidase (EST
ID: Plate 6F_B5_Pg_SSH), Adenylate kinases proteins (EST ID: Plate_AF_O3_
Pg_SSH), citrate synthase, chloroplast 30S ribosomal protein S7A, Zn finger protein,
glutathione peroxidase, Adenylate kinases proteins, citrate synthase, chloroplast 30S
ribosomal protein,Adenylate kinases proteins, protein phosphatases, phospholipid
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metabolism, Amino transferase protein, ATP-citrate synthase, Glutamine synthetase,
glycine-rich

RNA-binding

protein

(GR-RBP),

serine/arginine

rich

(SR),Metallothionein,Hsp70 proteins, P700 chlorophyll apoproteinA2, photosystem II D2
protein and photosystem II 44 kDa reaction center protein. The differentially expressed
ten genes viz. Abscisic stress ripening protein(ESTS ID: Contig_12-FSSH-Pg),
Ascorbate

peroxidase

(ESTS

ID:

Contig_23-FSSH-Pg),Glyoxalase

(ESTS

ID:

Contig_24-FSSH-Pg), Rab-7(ESTS ID: Singlet_223-FSSH-Pg),Aspartic proteinase
Oryzasin (ESTS ID: Contig_37-FSSH-Pg), Ubiquitin-Conjugating enzyme E2-7 (ESTS
ID: Contig_27-FSSH-Pg), DnaJ-like protein, Calmodulin-like protein (ESTS ID:
Singlet_204-FSSH-Pg), Putative beta-1, 3-glucanase (ESTS ID: Contig_53-FSSH-Pg),
and Inosine-5’-monophosphate dehydrogenase(ESTS ID: Contig_11-FSSH-Pg) were
obtained in the forward subtracted library and randomly selected for validation by real
time RT-PCR in Pennesitum glaucum under drought stress for different time durations
(30 min, 2hrs, 4hrs, 8hrs, 16 hrs 24hrs and 48 hrs).The quantitative up-regulation of the
selected genes for their gene expression in response to drought stress clearly showed that
the subtractive cDNA libraries constructed in this study were substantially enriched for
stress responsive genes (obtained in the subtracted library). These EST sequences are a
rich source of stress-related genes and reveal a major part of the stress-response
transcriptomes that will provide the foundation for further studies aimed towards
understanding Pennisetum glaucum adaptability to harsh environmental conditions. The
present study provides an insight into the genes differentially expressed in response to
drought stress in pearl millet. Further studies on full length cloning of the identified genes
and functional validation through over-expression in model plant systems will be useful
in the development of improved drought tolerant crops in the future.

Keywords Abiotic stress, Differential expression, Pearl millet, Real time PCR, Stress
responsive ESTs
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