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SCHEDULE

Thursday, January 15th, 2015

 9:00 – 9:30 Registration

 9:30 – 10:00 WELCOME ADDRESS / INAUGURAL SESSION / about the topic ...
(Director, IISER Pune, Presidents of INSA and Leopoldina, Friederici and 
Shashidhara)

10:00 – 11:00 INDIAN KEYNOTE TALK (incl. Q&A session)
Partha P Majumdar
Genes, Languages and Peoples of India

11:00 – 11:30 Coffee break

SESSION 1: Basic principles of learning (common to visual, olfactory and language learning)

11:30 – 12:15 Upinder S Bhalla
Odour sequences and odour tracking

12:15 – 13:00 Brigitte Roeder
The role of experience in brain development

13:00 – 14:00 Lunch break

SESSION 2: Sequence learning in birds, rats and humans

14:00 – 14:45 Sachin S Deshmukh
Space, Semantics, Sequences and Memory in the Hippocampus

14:45 – 15:30 Raghav Rajan
Stereotypy and variability: the Dr. Jekyll and Mr. Hyde of sequence learning and 
production – insights from the zebra finch

15:30 – 16:15 Jutta Mueller
Neurophysiological evidence for complex auditory sequence learning in early 
human development

16:15 – 16:45 Coffee Break

SESSION 3: Sequence learning in apes vs humans

16:45 – 17:30 Nandini Chatterjee Singh
Sound sequence learning – Implications for reading acquisition

17:30 – 18:15 Christopher Petkov
Sequence Processing and the Primate Brain: Perspectives from fMRI, EEG and 
neurophysiology

18:15 – 18:45 Wrap-up Day 1



Friday, January 16th, 2015

 9:30 – 10:30 GERMAN KEYNOTE TALK (incl. Q&A session)
Angela D Friederici
Language as a uniquely human trait

10:30 – 11:00 Coffee break

SESSION 4: Language related genes

11:00 – 11:45 Christiane Schreiweis
Is faster better? The role of Foxp2 in procedural learning

11:45 – 12:30 Sonja Vernes
Deciphering neurogenetic mechanisms of vocal communication

12:30 – 14:30 Poster Session and Lunch break

SESSION 5: The effect of experience on brain structure

14:30 – 15:15 Sumantra Chattarji
To be or not to be afraid

15:15 – 16:00 Martin Korte
Keeping the delicate Balance between Change and Stability: Cellular correlates of 
learning, forgetting and memory

16:00 – 16:45 Nishikant K Subhedar
Addiction initiated neuroplasticity - a model for studying how experiences shape the 
brain

16:45 – 17:00 Coffee Break

17:00 – 17:30 Concluding Remarks



Prof. Dr. Upinder S Bhalla 
National Centre for Biological Sciences,
Tata Institute of Fundamental Research,
GKVK Campus, Bellary Road,
Bangalore 560065 INDIA

Phone : +91 80 23666130
Email : bhalla  @  n  cb  s.res.in
Website : https://www.ncbs.res.in/bhalla

Research Interests 

We study how memories are encoded, from molecular changes at synapses to large-scale rewiring of
the brain. We also ask the complementary question: how does network activity trickle down through
electrical  and  chemical  signals,  to  trigger  these  long-term changes?  Our  research  utilizes  rodent
behavior, electrophysiology, brain-activity imaging, and optogenetics to address these questions. We
also develop detailed, biologically constrained computational models to understand network plasticity
phenomena across scales.

Abstract

Odour sequences and odour tracking
Rats are very good at localizing odourants. This ability highlights two aspects of brain computation.
First, the brain must rapidly decode the identity and concentration of odourants, while strictly retaining
information about which side they come from. Second, the animal must execute high-level strategies
for effectively using intermittent sampling and directed search patterns to carry out odour tracking.

We have used precise computer-controlled odour pulses to study how the brain handles complex timed
and mixed odour patterns.

We find, surprisingly, that a simple linear summation model accounts both for summation in time and
between  odours,  within  any given  concentration  range.  This  is  a  powerful  generalization  whose
implications will be interesting to follow into higher brain regions. It has formed the basis for a highly
detailed  computer  model  of  olfactory  bulb  processing  that  makes  strong  predictions  about  the
connectivity of this system.

How does the brain use these decoded odour signals?

At  the  behavioural  level,  we  have  previously  shown  that  rats  can  sense  odour  direction  using
comparisons between two nostrils. We used intrinsic signal imaging from both sides of the rat brain to
show  that  the  brain  responses  are  also  very  well  separated,  and  that  these  brain  responses  are
completely sufficient to account for the ability of the animals to localize the odour. We have shown
how animals utilize both such stereo information and high-level tracking strategies, to follow an odour
trail.  This too can be modeled,  leading to predictions about  how animals utilize odourant sensory
information to navigate.
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Prof. Dr. Sumantra Chattarji
National Centre for Biological Sciences,
Tata Institute of Fundamental Research,

Director
Center for Brain Development and Repair
The Institute for Stem Cell Biology and Regenerative Medicine

GKVK Campus, Bellary Road,
Bangalore 560065 INDIA

Phone : +91 80 23666121
Email : shon  a  @  n  cb  s.res.in
Website : https://www.ncbs.res.in/shona

Research Interests 

Neuronal correlates of stress, depression, and anxiety disorders, Synaptic mechanisms of learning and 
memory, Autism spectrum disorders

Abstract

To be or not to be afraid
Fear  memories  are  crucial  for  survival.  However,  excessive  generalization  of  such  memories,
characterized by a failure to discriminate dangerous from safe stimuli, is common in anxiety disorders.
Neuronal encoding of the transition from cue-specific to generalized fear is poorly understood. We
identified distinct neuronal populations in the lateral amygdala (LA) of rats that signaled generalized
versus  cue-specific  associations  and  determined  how  their  distributions  switched  during  fear
generalization. Notably, the same LA neurons that were cue-specific before the behavioral shift  to
generalized fear lost their specificity afterwards, thereby tilting the balance of activity toward a greater
proportion of generalizing neurons.  Neuronal  activity in the LA, but  not  the auditory cortex,  was
necessary for fear generalization. Furthermore, targeted activation of cAMP/PKA signaling in the LA
increased neuronal excitability of LA neurons and led to generalized fear. These results provide a
cellular basis in the amygdala for the alteration of emotional states from normal to pathological fear.
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Dr. Sachin S Deshmukh
Centre for Neuroscience,
Indian Institute of Science
Bangalore 560012 INDIA

Phone : +91 819 753 6203
Email : sachin@cns.iisc.ernet.in
Website : http://  cns.iisc.ernet.in/sachin/

Research Interests

Spatial and nonspatial information processing and memory in hippocampal formation

Abstract

Space, Semantics, Sequences, and Memory in the Hippocampus
Hippocampus  is  involved  in  spatial  navigation.  It  is  thought  to  have  a  unitary "spatial  map"  as
represented by the "place cells". However, when one is asked for directions to a certain location, the
answers can take multiple forms: from "the location is 5 km northeast of here," to "take street XYZ,
turn right  at  the post  office." Semantic difference in these instructions indicates multiple ways of
representing spatial relationships between the starting and ending points: one relies on path integration
to navigate between the two, while the other follows routes punctuated by landmarks. The two major
cortical  inputs to the hippocampus,  the medial  entorhinal  cortex (MEC) and the lateral  entorhinal
cortex (LEC) show a corresponding difference in the nature of spatial information encoded in their
neural activity. While MEC shows path integration derived spatial code, we have shown that LEC
shows landmark derived spatial  representation.  Ability to  keep track of  time is  essential  for  path
integration. MEC and the hippocampus show neural sequences that might be a product of such a time
keeping operation.

Normally, all sources of spatial information are in agreement with one another. However, we have
shown that when different sets of cues are in a direct conflict with one another, they reveal presence of
multiple  overlapping  spatial  representations  in  the  hippocampus  (that  normally  complement  one
another).  Furthermore, we have shown that in presence of multiple objects there are multiple, co-
existing reference frames in the landmark vector cells in the hippocampus.
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Prof. Dr. Angela D. Friederici 
Max Planck Institute for Human Cognitive and Brain Sciences
Department of Neuropsychology Stephanstr. 1a
04103 Leipzig GERMANY

Phone : ++49(0)3 41 / 99 40-112
Email : friederici@cbs.mpg.de
Website : http://www.cbs.mpg.de/staff/angelafr-203?v=blank

Research Interests 
The research focus of Angela D. Friederici is on the neural basis of
language. Syntactic, semantic and prosodic aspects are investigated as
subcomponents of the language processing system as well as in their
interaction. The functional and structural neural networks supporting the different subcomponents are
identified using MRI and their temporal dynamics are examined using time sensitive measures such as
EEG  and  MEG.  This  work  has  led  to  the  formulation  of  a  neurocognitive  model  of  language
comprehension in the adult and the developing brain.

Abstract

Language as a uniquely human trait 
The processing of complex syntax is an ability specific to humans. The different syntax-related brain
regions in the temporal and inferior frontal  cortex will  be described with respect to their specific
contributions in syntax processing as well as fiber tracts connecting these different brain regions. The
data suggest two syntactic networks: a ventrally located network connecting the inferior frontal cortex
and the anterior temporal cortex which supports dependencies of adjacent elements and a dorsally
located  network  connecting  Broca’s  area  and  the  posterior  temporal  cortex  which  subserves  the
processing  of  syntactically  complex  sentences.  These  networks  will  be  discussed  against  the
background of recent phylogenetic and ontogenetic studies on the language-brain relationship. These
studies suggest that it is the dorsal network, responsible for complex syntax, that emerges late both in
phylogeny and in ontogeny.
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Prof. Dr. Martin Korte
Zoological Institute, Div. Cellular Neurobiology, 
Spielmannstr. 7, 38106 Braunschweig, 
Germany and AG NIND, 
Helmholtz Center for Infectious Diseases, Braunschweig

Phone : +49 (0) 531 3913220
Email : m.korte@tu-bs.de
Website : http://www.zoologie.tu-
bs.de/index.php/en/lehre/veranstaltungen/item/59-martin-korte

Research interests
Cellular mechanisms of Learning, Memory and Forgetting;
neuroimmology and neurodegeneration in the context of Alzheimer’s
disease, role of neurotrophins in the relationship of functional to structural changes and role of NogoA 
in maintaining neuronal stability.

Abstract 

Keeping the delicate Balance between Change and Stability: Cellular correlates of learning,
forgetting and memory

Changes in the connectivity of neurons – activity-dependent synaptic plasticity – regulate the fine-
tuning  of  neuronal  networks  during  development  and  during  adult  learning.  Synaptic  plasticity
includes  functional  and  structural  modifications  at  neurons.  Both  changes  occur  in  a  ‘positive’
(synapse strengthening, dendritic spine growth) and in a ‘negative’ way (synapse weakening, dendritic
spine loss). On the other hand, in vivo imaging studies show that the large-scale organization of axons
and dendrites as well as the majority of synaptic structures in several areas of the mature, intact brain
shows  a  remarkable  stability.  These  observations  implicate  the  existence  of  a  set  of  molecules
regulating  the  stability  of  mature  neuronal  networks  at  the  end  of  development.  Dendritic  spine
number and dendritic arbor complexity can change during activity-dependent plastic processes. The
underlying  mechanisms  and  molecules  are  largely  unknown.  Neurotrophins  modulate  neuronal
morphology as well as support functional changes at synapses. So far mainly the role of BDNF and its
TrkB receptor  has  been by us  and others  in  order  study processes  of  positive  synaptic  plasticity,
synaptic scaling and synaptic tagging. In addition we are interested in process of negative synaptic
plasticity (weakening of  synapses  and loss  of  synaptic  structures)  and we study mechanisms and
molecules that mediate stability of neuronal networks in order to achieve memory consolidation. In
search for factors restricting functional as well as structural plasticity processes, we investigated the
role  of  the  myelin-associated  protein  Nogo-A,  whose  function  as  negative  regulator  of  structural
changes in the CNS is well known. 



Prof. Dr. Partha P Majumdar
National Institute of Biomedical Genomics
Netaji Subhas Sanatorium, 2nd Floor
Kalyani 741251 INDIA

Phone : +91-33-25892151
Fax : +91-33-25892150
E-mail : ppm1@nibmg.ac.in 
Website : http://www.nibmg.ac.in/?q=content/ppm1-research

Research Interests
The general research interest of Partha Majumder is on human population genetics and genetics of
human diseases.  His  scientific  interests  and contributions have been on peopling and structure of
ethnic groups of India, as assessed by statistical analyses of population genomic data.  He also has
keen interest  in understanding the genomic underpinnings of complex diseases  and in  developing
statistical methods for genetic dissection of diseases.

Abstract

Genes, Languages and Peoples of India
Our DNA is a palimpsest of our history.  Contemporary India has a rich tapestry of languages, cultures
and ecologies. There are about 400 tribal groups and more than 4000 groups of castes and subcastes,
speaking  dialects  of  22  recognized  languages  belonging  to  four  major  language  families.  The
contemporary social  structure  of  Indian  populations  is  characterized  by endogamy with  different
degrees of porosity. The social structure, possibly coupled with large ecological heterogeneity, has
resulted in considerable genetic diversity and local genetic differences within India. In this talk, we
provide genetic evidence of how India may have been peopled, the nature and extent of its genetic
diversity, and the correspondence of genetic and linguistic structures among the extant populations of
India.
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Prof. Dr. Jutta L. Mueller
Institute of Cognitive Science
University of Osnabrück
Albrechtstr. 28
49076 Osnabrück

Phone : +49-541-969-3369
Email : jutta.mueller@uos.de
Website : http://cogsci.uni-
osnabrueck.de/~jutmueller/about/jmueller/jmueller.html

Research interests 
My primary  aim  in  research  is  to  elucidate  the  cognitive  and  neurobiological  underpinnings  of
language learning across human development. 

Abstract

Neurophysiological evidence for complex auditory sequence learning in early human development
The acquisition of human grammar crucially involves the detection of complex patterns in spoken
language  input.  For  example,  sentences  such  as  “The  boy who  smiles  is  called  Tim”  cannot  be
understood without the ability to relate non-adjacent linguistic elements to each other. While children
start producing complex grammatical patterns in the form of small phrases and sentences only in the
second year of life,  sensitivity to grammatical regularities can be demonstrated much earlier using
non-behaviour-dependent neurophysiological measures. I will  present a series of auditory grammar
learning  experiments  using  electroencephalography  (EEG)  as  well  as  functional  near-infrared
spectroscopy (fNIRS) providing evidence that infants possess the ability to detect complex sequential
patterns in the auditory input already within their first half year of life. Results suggest that auditory
perception strongly influences the learning ability in infants and adults and that the automatic signal-
driven learning mechanism of infants develops towards attention-based learning in young adults. In
both infants and adults, however, the left inferior frontal cortex, which supports processes of cognitive
control in adults, seems to play a role during the extraction of grammatical patterns from auditory
sequential input. The artificial grammars reported to be learned in early infancy can all be described at
the level  of  concrete dependencies between auditory elements.  In conclusion,  the ability to detect
auditory dependencies is argued to be one of the foundations of grammar acquisition, providing the
concrete pattern onto which abstract syntactic functions can be mapped later on in development. 
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Dr. Christopher I. Petkov
Institute of Neuroscience
Newcastle University Medical School
Henry Wellcome Building
Newcastle upon Tyne, NE2 4HH, UK

Phone : +44-191-222-3467
Email : chris.petkov@ncl.ac.uk
Website : http://www.staff.ncl.ac.uk/chris.petkov

Research interests
The Laboratory of  Comparative  Neurobiology studies  the  neurobiology of  communication-related
cognition, using technologies that bridge functional neuroimaging studies in humans with neuronal-
level information in animal models. 

Abstract

Sequence Processing and the Primate Brain: Perspectives from fMRI, EEG and neurophysiology
Many animals, nonhuman primates included, are not thought to be able to combine their vocalizations
into structured sequences. Nonetheless, it remains possible that these animals are able to recognize
certain types of rule-based sequences, such as those generated by Artificial Grammars (AGs). Thus, an
interesting  empirical  question  is  which  animal  species  can  process  various  levels  of  sequencing
complexity. Understanding this could clarify the evolutionary roots of human syntactic abilities and
facilitate the development of animal models to study language-related precursors at the neuronal level.
In this talk I will first describe the behavioral results from AG studies that we have conducted with
macaque and marmoset monkeys, two species of nonhuman primates representing different primate
evolutionary lineages. Here, I will propose a quantitative approach to relate our findings to those that
have been obtained in other animal species (including songbirds) and with different AGs. Then I will
describe fMRI results on macaque brain regions that are involved in AG processing and how these
results compare to fMRI findings in humans and chimpanzees. I conclude by overviewing macaque
EEG and neuronal recording results, which provide insights on the time-course of neuronal responses
associated with sequence processing.
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Dr. Raghav Rajan
Indian Institute of Science Education and Research,
HR-4 Campus, Dr. Homi Bhabha Road,
Pashan, Pune 411008 INDIA

Phone    : +91 20 25908168
Email : raghav@iiserpune.ac.in
Website : http  ://www.iiserpune.ac.in/~raghav/

Research Interests
How does the brain initiate the production of a learned movement sequence? 
The song produced by adult songbirds as part of their courtship ritual, is an example of a learned
movement sequence. We are currently studying the process by which the songbird brain initiates its
song using electrophysiological recordings and pharmacological manipulations coupled with acoustic
recordings of vocalizations.  

Abstract

Stereotypy and variability: the Dr. Jekyll and Mr. Hyde of motor sequence learning and production
- insights from the zebra finch

The song of an adult male zebra finch is a well-studied example of a stereotyped motor sequence. This
motor sequence is learnt by young birds in a process highly similar to human speech learning. As
young birds  learn their  song,  they progress  gradually from variable,  unstructured vocalizations  to
increasingly stereotyped, structured vocalizations. Previous research has shown that variability and
stereotypy in the vocalizations are driven by two different pathways in the brain, the AFP (anterior
forebrain pathway – songbird equivalent of a cortex-basal ganglia-cortex loop) and the motor pathway,
respectively. Both pathways originate in a premotor nucleus HVC and converge on motor nucleus RA.
Given the common source and target of both pathways, where variability originates and how both
pathways interact to shape song production, remain poorly understood.

In normal adult birds, changes in social context can induce increases in variability of vocalizations. We
took advantage of this to examine where in the songbird brain, variability originates. We recorded the
spiking activity of identified AFP-projecting HVC neurons in awake, singing birds and found that their
activity was highly precise and stereotyped independent of social context. In contrast, the activity of
neurons in the downstream songbird basal-ganglia, Area X, changed the amount of variability based
on the social context. These data point to songbird basal-ganglia nucleus, Area X as the source of one
form of variability in adult zebra finches. 

To examine how the two pathways interact, we utilized an adult form of plasticity induced by partial
lesions of premotor nucleus HVC. We utilized reverse microdialysis to infuse muscimol, a GABAA

receptor  agonist,  into  HVC  to  pharmacologically  inactivate  neurons  in  HVC.  Partial  bilateral
inactivation  of  HVC  made  adult  birds  sing  variable,  unstructured  vocalizations.  Simultaneous
pharmacological inactivation of the output nucleus of the AFP restored both structure and stereotypy
to the vocalizations. I will discuss these results in the context of a model for how the two pathways
interact.
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Prof. Dr. Brigitte Roeder 
University of Hamburg 
Biological Psychology and Neuropsychology 
Von-Melle-Park 11 
D-20146 Hamburg 

Phone : +49-(0)40-428383251 
Fax : +49-(0)40-428386591 
Email : Brigitte.Roeder@uni-hamburg.de 
Website : http://www.bpn.uni-hamburg.de

Research Interests
(multi)sensory functions, age-dependent neuroplasticity

Abstract

The role of experience in brain development
Studies in (multi)sensory development have shown that some (multi)sensory capabilities exist from
early  on  and  that  multisensory  development  consists  not  only  of  an  expansion  of  multisensory
processes but additionally comprises a loss and refinement of sensory functions. Whether or to which
degree multisensory development depends on experience and whether sensitive periods exist in human
development is not known yet. Investigating individuals who had suffered a period of congenital total
blindness  from birth  due  to  cataracts  after  sight  restoration  provides  a  unique  human  model  for
answering this question. This talk will demonstrate how prospective and retrospective developmental
studies employing both behavioral and non-invasive electrophysiological techniques go hand in hand
in uncovering main principles of brain development and resulting differences between developmental
and adult plasticity. 



Dr. Christiane Schreiweis
Laboratory "Hormonal regulation of brain development and
functions"
Institut Necker-Enfants Malades (INEM), Centre de Médecine
Moléculaire
Institut National de la Santé et de la Recherche Médicale, U1151
Université Paris Descartes, Sorbonne Paris Cité
Bâtiment Leriche - Porte 9
14 Rue Maria Helena Vieira Da Silva
CS 61431 75993 PARIS Cedex 14 - France

Phone : +33 1 72 60 65 42
Email : christiane.schreiweis@inserm.fr
Website : http://www.institut-necker-enfants-malades.fr/index.php?
menu=team_view&faculty_id=20

Research interests

A central  question  of  my  research  is  how evolution  designed  brain  circuits  that  are  capable  of
acquiring language and speech.

Abstract

Is faster better? The role of Foxp2 in procedural learning
What enables the human nervous system to acquire language and speech? Which genetic candidates
might  have contributed to  this  capacity?  How can we define the central  features  of  this  learning
capability in terms of molecules, neuronal circuits and behaviour? FOXP2, a gene that is firmly linked
to speech and language development, is a prime candidate to address these questions, especially given
that  two  human-specific  amino  acid  substitutions  in  FOXP2  could  have  been  positively selected
during human evolution. Various animal models, from drosophila to birds and mouse, suggest a tight
link between Foxp2 and learning circuits. 

In mice, in which the two substitutions that occurred on the human lineage were introduced into the
endogenous murine Foxp2 gene, cortico-striatal circuits are specifically affected. These circuits are
essential  for  motivational  aspects  of  learning,  habit  acquisition  and  other  motor  and  cognitive
behaviours, including vocal learning in songbirds and speech and language capabilities in humans.
Recently, we  demonstrated  that  mice  with  humanized  Foxp2 learn  stimulus-response  associations
faster than control littermates in tasks in which declarative (i.e.,  place-based) and procedural (i.e.,
response-based) forms of learning could compete. Striatal districts known to be differently related to
these two modes of learning are affected differently in the Foxp2hum/hum mice, as judged by measures of
dopamine  levels,  gene  expression  patterns,  and  synaptic  plasticity,  including  an  NMDA receptor-
dependent form of long-term depression. These findings raise the possibility that the humanized Foxp2
phenotype reflects a different tuning of cortico-striatal systems involved in declarative and procedural
learning, a capacity potentially contributing to adapting the human brain for speech and language
acquisition.



Dr. Nandini Chatterjee Singh
National Brain Research Centre,
NH-8, Manesar, 
Gurgaon 122051 INDIA

Phone : +91 124 2845333
Email : nandini  @  n  brc.ac  .in
Website : http://www.nbrc.ac.in/faculty/nandini/

Research Interests 
Language and Music in Multilingual populations

Research in my laboratory is directed at establishing functional cortical circuits for speech, reading
and music in multilingual populations. 

Using a combination of behavioural  experiments with  structural  and functional  neuroimaging we
study individuals who vary in their cognitive abilities, demographics and neurological condition. 

Our  current  studies  compare  neuronal  circuits  in  typical  individuals  and  those  with  dyslexia  and
autism. Recent work using structural and functional connectivity in our lab has shown that neural
circuits for processing ‘sung speech’ are preserved in children with autism (ASD) while circuits for
speech are not and are modulated by verbal ability. 

Our  work  on  reading  has  focused  on  studying  the  effect  of  orthography  in  reading  circuits  in
biliterates. More recently, our work has focused on studying the effect of orthography in dyslexia.  

Abstract

Sound sequence learning – Implications for reading acquisition
General learning research suggests that there are multiple learning systems and corresponding neural
structures.  While the role of learning new phonological sequences has been investigated in second
language learning in both children and adults, relatively little has been investigated with regard to its
implications in learning to read a second language.  Using results from  functional neuroimaging, I
will discuss novel learning scenarios in India which provide insights into the role of  learning novel
phonological  sequences in reading acquisition.
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Prof. Dr. Nishikant K Subhedar
Indian Institute of Science Education and Research,
HR-4 Campus, Dr. Homi Bhabha Road,
Pashan, Pune 411008

Phone : +91 20 25908055
Email : subhedar  @iiserpune.ac.in
Website : http  ://www.iiserpune.ac.in/~subhedar/

Research Interests
Neuropeptides  play a  critical  role  in  modulating  traffic  of  information  in
neural  circuits.  Using  surgical  and  pharmacological  interventions,  we  try  to  understand  the
organization  of  peptidergic  circuits  and  reveal  their  functional  attributes  in  behavioral  assays.
Although cocaine- and amphetamine-regulated transcript peptide (CART) has been assigned specific
role in energy homeostasis, the peptide is extensively distributed in the brain and exercises region
specific  functional  diversity.  We  are  interested  in  understanding  the  involvement  of  CART  in
neuroendocrine regulation, modulation of sensory perception, learning and memory, emotive behavior
and cognition. We investigate the role of this peptide in modulating the reward behavior and drug
induced plasticity.

Abstract

Addiction initiated neuroplasticity - a model for studying how experiences shape the brain
To promote survival in continuously changing world, the brain has evolved mechanisms that strongly
associate reward with natural acts like having food and sex. In view of their enormous adaptive value,
processes  like  reward  memory  and  reward  reinforcement  have  co-evolved.  It  is,  therefore,  not
surprising  that  the  neuronal  substrate  for  reward  processing  shows  molecular,  cellular  as  well
structural plasticity as we learn about the objects of hedonic salience around us. Unfortunately, drugs
of  addiction  like  nicotine,  alcohol,  cocaine,  amphetamine  etc.,  can  ‘high-jack’  these  rewarding
pathways and have the potential to convert a sensible human being into an obsessed pleasure seeking
burden  on  society.  These  drugs  are  known  to  usurp  the  mesolimbic-dopaminergic  pathway,  a
component of the limbic system, and induce almost permanent alterations. Last two decades have
witnessed enormous progress in understanding the maladaptive changes evoked by these drugs with
respect to compulsive behavior, emotional instability and cognitive deficits. Study of these changes
provides clear advantages in assigning causality. Our laboratory is focused on understanding the role
of neuropeptide CART in processing reward.  Using operant  conditioning paradigm, we show that
threshold for electrical self-stimulation of the medial forebrain bundle was significantly lowered by
CART peptide, and increased by CART antibody targeted in discrete brain areas. The rats conditioned
to self-stimulate showed distinct signs of strengthening of the CART circuits and up-regulation of the
dopaminergic system in the reward pathway. 
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Research interests
The  genetic  basis  of  speech  and  language  abilities  are  likely  to
involve a large number of genes in intricately regulated networks that control a range of cellular and
developmental processes. It is our aim to understand these processes by interrogating a range of model
systems at the level of the gene, the cell and the neuronal network.

Abstract

Deciphering neurogenetic mechanisms of vocal communication
The unique capacity for language is a fundamental trait of humankind, and is of intense interest across
diverse  fields  including linguistics,  anthropology, cognitive  and neuro-science,  and  molecular  and
evolutionary biology.  Importantly,  language  is  not  an  abstract  entity,  but  has  developed within  a
biological  system  with  its  own  capacities  and  constraints.  Thus,  understanding  the  biology  of
language, including underlying genetic mechanisms, has the potential to inform some of the central
questions in the language sciences such as what are the innate components of the human system that
allow language acquisition and what are the biological constraints on this system that determine what
constitutes  a  possible  language.  To  date,  the  genetic  underpinnings  of  language  remain  poorly
understood  as,  with  current  techniques,  the  molecular  mechanisms  acting  during  communicative
behavior cannot be directly assayed in humans.  

Non-human animals do not have language, but they do display complex vocal communicative abilities
that  share  aspects  of  human  vocal  communication.  For  example  some  animals  use  antiphonal
vocalizations  in  which  vocal-motor  outputs  are  adapted  in  response  to  conspecific  vocalizations.
Others display simple syntax in which sound types are combined in a specific order. A handful of
animal  species  are  able  to  perform  vocal  production  learning,  the  ability  to  learn  and  modify
vocalizations based on conspecific inputs – an ability essential for the evolution of spoken language.
Thus we can use animal models to understand how these abilities are evolutionarily encoded in the
brain and gain insights into the origins of spoken language.

I will discuss the use of animal models to directly interrogate genetic networks acting in the brain
during communicative behavior. I will also show how we can couple these animal models with cell
based  assays  and  in  vitro  molecular  techniques  to  understand  the  function  of  these  genes  at  a
molecular,  cellular  and  whole  brain  level.  Ultimately  we  can  apply  these  findings  to  human
populations to determine how genetic variants relate to human speech and language phenotypes.
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Indian National Science Academy (INSA)
The  Indian  National  Science  Academy (INSA),  established  in  1935,  is  an  apex  body of  Indian
scientists representing all branches of science with the objectives of promoting science in India and
harnessing scientific knowledge for the cause of humanity and national welfare, safeguarding interest
of Indian scientists,  establishing formal linkages with international  bodies, promoting international
collaboration and giving opinion on national issues after debate and discussions.

German National Academy of Sciences Leopoldina
The German National Academy of Sciences Leopoldina brings together the expertise of some 1,500
distinguished scientists to bear on questions of social and political relevance, publishing unbiased and
timely  scientific  opinions.  The  Leopoldina  represents  the  German  scientific  community  in
international committees and pursues the advancement of science for the benefit of humankind and for
a better future.
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