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MBT 101 T

MBT 102T

MBT 103T

MBT 104T

MBT 105T

MBT 106T

MBT 107L

MBT 108L

MBT 109L

MBT 201 T

MBT 202T

MBT 203T

MBT 204T

MBT 205T

MBT 206T

MBT 207T

MBT 208T

MBT 209T

*MBT 210S

: M.Sc.

Ph.D.
Academic Year : 2020-21

List of Revised Courses

Name of the Course

Biochemistry

Cell and Molecular Biology

Plant and Animal Biotechnology

Microbiology

Genetics

Biostatistics

Biochemistry and Analytical Techniques

Microbiology

Plant and Animal Biotechnology

Genetic Engineering

Immunology

Bioinformatics

Genomics and Proteomics

Molecular Diagnostics

Research Methodology and Scientific Communication Skills
Environmental Biotechnology

Biological Imaging

Nanobiotechnology

MOOCs course to be selected/opted from SWAYAM portal
(SWAYAM-BIOTECH-1)

Program Revision

Criteria - 1 (1.1.2)




T grile fRgafeneaa

(A fraRerer e 2009 . 25 B sl vt Fia e

or, ReragR - 495009 (B1.)

N N N N N N
vl = w N — (@]

N

w w w w w w w
[ee} ~ (®)) Ul o =

w
O

w [ w N SR N
3 g : ¢ ¢ 5 9| | 5 Sl ] *® | X[ ] ; ¢ - : ¢

MBT 211L

MBT 212 L

MBT 301 T

MBT 302T

MBT 303T

MBT 304T

MBT 305T

MBT 306T

MBT 307T

MBT 308T

MBT 309 T

MBT 310 T

MBT 311 T

MBT 312 T

MBT 313 T

MBT 314 T

*MBT 315T

MBT 316L

MBT 317 L

MBT 401

Molecular Biology and Genetic Engineering

Immunology

Bioprocess Engineering and Technology

Emerging Technologies

Critical Analysis of Classical Papers

Bioentrepreneurship

Intellectual Property Rights, Biosafety and Bioethics

Project Proposal Preparation and Presentation

Research Seminar

Microbial Technology

Animal Biotechnology

Computational Biology

Drug Discovery and Development

Vaccines

Protein Engineering

Medical Microbiology and Infection Biology
MOOCs course to be selected/opted from SWAYAM portal
(SWAYAM-BIOTECH-1)

Laboratory VI: Bioprocess Engineering and Technology

Laboratory VII: Bioinformatics

Dissertation
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Minutes of Meetings (MoM) of Board of Studies (BoS)
Academic Year: 2020-21

School : School of Studies of Interdisciplinary Education and
Research

Department : Biotechnology

Date and Time : 09-07-2020- 12:00 Noon

Venue : Room of Head, Department of Biotechnology

MINUTES OF THE MEETING OF BOARD OF STUDIES IN BIOTECHNOLOGY
GURU GHASIDAS VISHWAVIDYALAYA, BILASPUR HELD ON 09/07/2020

A Meeting of the Board of Studies in Biotechnology under School of Interdisciplinary
Education and Research was held on 09/07/2020 at 12:00 Noon under the hairmanship of
Dr. Renu Bhatt, Head Department of Biotechnology. The following members were present

(1) Dr. Renu Bhatt, Head Chairman
(i1) Prof. B.N. Tiwary, Professor
(1i1) Prof. Keshavkant Sahu, Expert present online
(1v) Dr. Dhananjay Shukla Member
The following agenda were placed to discuss:
I. Pre Ph.D syllabus as directed by UGC ( syllabus of research and publica: ethics ) as

compulsory first paper along with Research methodology paper |

2. To discuss CBCS Syllabus for M.Sc programme in Biotechnology

L

To discuss and approve the ordinance of CBCS in M.Sc Biotechnology, w.e i 2020-C

4. Revision of Course code of CBCS B.Sc (Hons) with revised course name
( Interdisciplinary Education and Research) in place of LS (Life Science)

5. To amend and approve the credit of SEC (skill enhancement course
CBCS B.Sc (Hons) 11l semester as per ordinance for 2019-20

Al the very outset the HOD, Chairman of Board of Studies welcomed

il the BOS membe
and discussed the above agenda at length. Following resolutions were < <
1. The revised Pre Ph.D course work syllabus including Rescearch b <
paper 1 10 be named as Research Methodology and Rescarch Public \
4 credits including 2 for Research Publication Ethics as per Jd
discussed and approved by the 30S members 1 luding subject o
2. The model syllabus of PDBT (with 20% modification) CBOS A
syllabus and scheme of a examinauon, the couse stucture with cou s . < vear M
degree course was placed before the commutice 1 he meinbers
approved the course structure and course code of N Se 13
from the Academic session 20020
3. The draft ordinance for M Sc Biotechnolopy under CBOS patt W cussed a
approved by the Board of studies and reconnme nded 10 be placed betore Acade < Council
TN \ o S
. m‘\ S A\AA”
) s S ()\\‘“('\ 2 N ) \i A
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4. Since the name of School o
Interdisciplinary Education and
IE) of 3years CBCS B.Sc (Hons

fRStudies has changed from SoS of Life Science to SoS of
esearch. The proposed revised draft of course code (LS to

) was placed and approved by BoS.

5. The credit of SEC as approved b

y BoS for 2019- i
amended to 2-instead of 4 (as per exis 020 was discussed an

y . d resolved
ting ordinance for 2019-20). saobe

The meeting ended with a vote of thanks by the Chairman W
N
bt Rcy ; TR
Dr. Renu Bh;(éﬂaﬁo Prof. Bwva \TD;N 00\\
i Me.mb.er - Tiwary Prof. Keshavkant Sahu Dr hananjay Shukla

Expert present online Member

In the Meeting of BOS-Biotechnology on 09-07-2020, the following courses were revised in the
of M.Sc.:

Name of the Course

MBT 101 T Biochemistry

MBT 102T Cell and Molecular Biology
MBT 103T Plant and Animal Biotechnology
MBT 104T Microbiology

MBT 105T Genetics

MBT 106T Biostatistics

MBT 107L Biochemistry and Analytical Techniques
MBT 108L Microbiology

MBT 109L Plant and Animal Biotechnology
MBT 201 T Genetic Engineering

MBT 202T Immunology

MBT 203T Bioinformatics

MBT 204T Genomics and Proteomics

Program Revision Criteria - 1 (1.1.2)
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MBT 205T Molecular Diagnostics

MBT 206T Research Methodology and Scientific Communication Skills

MBT 207T Environmental Biotechnology

MBT 208T Biological Imaging

MBT 209T Nanobiotechnology

*MBT 210S MOOCs course to be selected/opted from SWAYAM portal
(SWAYAM-BIOTECH-1)

MBT 211L Molecular Biology and Genetic Engineering

MBT 212 L Immunology

MBT 301 T Bioprocess Engineering and Technology

MBT 302T Emerging Technologies

MBT 303T Critical Analysis of Classical Papers

MBT 304T Bioentrepreneurship

MBT 305T Intellectual Property Rights, Biosafety and Bioethics

MBT 306T Project Proposal Preparation and Presentation

MBT 307T Research Seminar

MBT 308T Microbial Technology

MBT 309 T Animal Biotechnology

MBT 310 T Computational Biology

MBT 311 T Drug Discovery and Development

MBT 312 T Vaccines

MBT 313 T Protein Engineering

MBT 314 T Medical Microbiology and Infection Biology

*MBT 315T MOOCs course to be selected/opted from SWAYAM portal
(SWAYAM-BIOTECH-1)

MBT 316L Laboratory VI: Bioprocess Engineering and Technology

MBT 317 L Laboratory VII: Bioinformatics
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MBT 401

Dissertation

In the Meeting of BOS-Biotechnology on 09-07-2020, the following courses were revised in the
of Ph.D. Course work:.:

Name of the Course

101

Research Methodology and research publication Ethics

The following new courses were introduced in the of M.Sc.:

Name of the Course

MBT 103T

MBT 105T

MBT 106T

MBT 107L

MBT 109L

MBT 201 T

MBT 203T

MBT 204T

MBT 205T

MBT 206T

MBT 208T

MBT 209T

*MBT 210S

MBT 211L

MBT 302T

MBT 303T

MBT 305T

Plant and Animal Biotechnology

Genetics

Biostatistics

Biochemistry and Analytical Techniques

Plant and Animal Biotechnology

Genetic Engineering

Bioinformatics

Genomics and Proteomics

Molecular Diagnostics

Research Methodology and Scientific Communication Skills

Biological Imaging

Nanobiotechnology
MOOCs course to be selected/opted from SWAYAM portal
(SWAYAM-BIOTECH-1)

Molecular Biology and Genetic Engineering

Emerging Technologies

Critical Analysis of Classical Papers

Intellectual Property Rights, Biosafety and Bioethics
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MBT 306T

MBT 307T

MBT 308T

MBT 310 T

MBT 311 T

MBT 312 T

MBT 313 T

MBT 314 T

*MBT 315T

MBT 316L

MBT 317 L

MBT 401

Project Proposal Preparation and Presentation
Research Seminar

Microbial Technology

Computational Biology

Drug Discovery and Development

Vaccines

Protein Engineering

Medical Microbiology and Infection Biology
MOOCs course to be selected/opted from SWAYAM portal
(SWAYAM-BIOTECH-1)

Laboratory VI: Bioprocess Engineering and Technology

Laboratory VII: Bioinformatics

Dissertation

Qbhat

Signature & Seal of HoD

urTeas, S St Ry
Head, Department of Biotechnolagy
T aRiter Rafarey, Remge (8.7.)

Surn Ghrsidas Vishwavidyalaya. Bilasour (C G.)
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Scheme and Syllabus

Syllabus for M.S¢ program in Biotechnology 2020-21

___M.ScBictechnology
Course | Subjects
| opted

| code

Hours/

Hours/ ‘ Credits

semester | wock

MBT 101 | Core-1 | Blochemistry a8 o | 3
T | ‘ \
Wﬂ'e‘aﬂ Core-2 | Cell and Molecular Biology a8 [ |
TMBT 103T T Cora-3 | Plant and Animal Blotechnology | a8 |03 i
SRR | KRS0 | Sae—— . | W]
‘IQT 105T ' Cotes | Geneltics 2| 0z 3 27
[WERSS g |y | g | W |
__|Laborstory N S—
[MBT 1071 | Lab 01 | Blochemistry and Analytical 128 oe 4
L1 | JUSHEENS ! |
MBT 108L [Lab02 | Microbiology o= 04 2
[MBT 1061 | (3503  Plantand Animal Biotechnology | 04 1
I Yol I 512 32 | 24 ‘T
[ e s MRG0 £ 3 R e
Code | Course | Subjects | Hours! Hours/ | Credits
L _|opted | | Semester |woek | 0000
MET 207 ! Core -1 Genetic Engineering \ 4 03 3 ’
T |
- + - =
Iqa( 2027 | CaleZ | immunciogy . w1 3 |
| MBT 203T | Core -3 Bioinformatics 4 o2 s |
[WBT 2047 | Core% | Genomice and Proteomics | % e g |
[WET205T | ooy | MowcoarOisgriostics | o | o | 2
| MBT 208T | Research Maethodology and | = 2
|5 | Scientitic C ion Skils | il (8
| MBT 207T | Bectwe- | Environmental Biotechnology 5 02
1
- kb S S —
1 MBT 2087 | Bective: Biological Imaging
1
lusr 2007 | pocine. | Nanobiotechnology
1
[WET | Eecihe | WAO0CEcowmstobs
2108 selactediopted from SYWAYAM
< | portal (SWAYAM-BIOTECH:1) - ]
| Laboratary - — |
MET21IL | Lab 01! | Molecular Blology and Genetic 128 e | 4
S — S U | I—
[MBT212L |Lsv02 | Immunology l 9w e 3
| - - —t
[ Total | a0 3 24
Bl -~ fey -
[ ks LEDS ay e
| Code | Course | Subjects Hosrs) Hours! | Credits

| optea | .

| semesater  woek

3 [\
Ay M U
Ak 9|02 ,\\.\/\(/ o

PUBIRT.
WA TN
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WMBT 301 Cor=-* | Bioprocess Engineering and — . 1 8. |9 |
T Tech = ala 3 = 5
[MBTS02T CowZ | Emergin Yechnologies | %2 | @ [ 2 |
[WBT303T |Coe3 | Critical Analysis of Classical 2 2 2
ERENES! PSS £ - it I o
MET 3047 | Com+4 | Bioentrepreneurship = o
TMBT305T | nor.s | Intellectual Property Rights, . @ 2
05 | Biosafety and Biosthics | 5
MBT 305T Corg & :;:j!‘c‘l Pmpo?al Preparation | 12 0w 2
BT 307T | Core7 | Research Seminar 2 | m '
[ MBT 308T | Ekeciiie | Microblal Technology | 48 | 03 3
1;_431 308 | gpee | Animal Biotechnology

?Bf 7310 guepe | Computational Biclogy i
"DTTBT 31| cuve | Drug Discovery and Development |

MBT 3712 | gonie | Vaccines
T

!‘aer 313 | gaupe | Protein Engineering
WBT 314 | syosne | Medical Microbiology and
T Eloctve 4_ fection Biology ¥
| *mM8T Bective | MOOCs course fo be
[ 3157 salected/opted from SWAYAM
- o ‘ _portal (SWAYAM-BIOTECH-1
| | laboratory FRFETESSN M |
TMBTII6L | Leo Ot Lab y VI: Biop 128 08 ¢ |
| | Engineering and Technology Y| ——F
MBT3I1TL |Lab@2 | Laboratory VII: Bicinformsatics &4 | W ] 2
‘ [ Yot ae 0 24
T M.Sc Biotechnology L
Code Course Subjects Hours/ Hours/  Credits
opted s | Semestor | week
[WBT 401 | Core-1 | Dissersaton - 512 32 2
Yotal T T &2 | %2 | 2 |
— —— “Yom | 9% |
Cracits =il \

*M.Sc. Biotechoology stodents will seloct Massive Open Online Comrse (MOOCs)-SWAYAM course
i the 11 and 11 semester available at httpe/fugemoocs. inflibaet.sc.in‘oourses.php in consultation with
Coordmator.

) e Ny
3 P A g <
Gz Fet?X e

7 / %‘ : /4 v A
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Semester One
Course Otjectives Studert Leaming Oucomes
The obfectives of Bis course are o buld On campletion of this coune,
Biochemistry apan urdergradate bevel knowledge studenes Shoeld be able 1
ef bischemical peisciples with v:n& Gain fundaments] knowledge
Crecis 15 60 SIESrea resabal i biocheminry:
- The course shall make ®e snydents awere Understand the molkeoslar
m of various discine paholagices wighin the bends of vanoas pathological
conmest of exch tople. condaions from the parsgective
of biochermecal reactions.
Unt| Chemical besis of life: Millervey experimest, ablotic foenation of amino scid
Cheminl basis of oligomers, composition of living matter: Water - properties of waner, essential mke
life and proteins of wates fine life e earth pH. buffier, maistenance of bood pi and pl of grstric jirce.
7 lectures pH opeina oraurmm entyaies (pepsin, cmn.n and whaline phisphaass), ieningon
and hydrophobicity LR prop I wager. b
Uit Structere-tuaction relaticaships: amine acids - strucoure and functional grous
Protein structure properties, peptides and covalent sructure of proseins, ehcidstion of primary and
4 leciwres Righer order Ranachasdran plet, evolstion of protein strustere, peotein
A Jfing o
sructure-fanctioo relatiorahips in madel prowins 1&e nboosciene A, myoglobin,
remoglobin, chymatrypein eée s basic primciples of prosein pandication: 100ls to
umnnupmm peoeine Pretein kﬂlla: AnSimen's Dogr, Levinied parsdon,
ding. frecesergy s
urpunmlnmm; malies gobulke state, chaperoms, discess sssocisted with protein
foldng. i » dynamic
Unt il Enzyme catalysis ~ genenal principies of catalysic quarsaiton of cexyme sclivily and
Enzymc kinetics efficiency; enxyre chancieriotion end Michoele-Me eten Ko relevasce of
& loctures enzymes in bolic regulation, activaton, ishidirion and covalent sodif
shagle substrate enzymes: convepe of camalytic antbadies: cambytic straegles with
specific carbonic nkydrases, resriction enzymoes and nusbeos e
hoaphate kiroee; reguistory strateg) wh specific exanple of hemoglobin:
isoxywies; rele of covalent uaa-num- o enzymatic activity: zymogees.
Unit IV Sugars « moos, &, and polysaccherades with specific refercace to glycogen, dyloke
Glycobiology and celleloss, g} of ofher blemolecuies < ply and
2 lectures Iipids - ssrucmure and properties of & bers of storage and
l‘p'uk Ipanein
Unt v Seif-assambly of lipkds, micelie. biomerrbrane coganization « sidedness and fencto i b
Structure and membrane bound proteins - stractire, properthes and fcton; TP phenoneny,
functions of necdeosides, muckotides, nedec scids - srucure, 3 binkoeical penpestive leading =p (o
DNA&RNA the peopasition of DNA deuble helical seucoure, differcace in RNA wad DNA wrsctuse
3 lecturas wnd thelr imponance b evolation of DNA as the genethc material
Untw Bm:mlm basic prnciples; equiliria and concepe of free enengy: coupled
Bio peti in b { of carbon faels: recuning mouts in
8iactures

metabolam, imnouahn 10 GPCR, Inoskol DAGOPKC and Ca++ sigmling pathways.

n

ghycolysis and procal regifatore md  soa-carbobydrate

sources of glecowe: Citre acid cycle, entry 1o citnic acud cyche, citric acid cycle m

source of baosy ntheti Oxidative phosphony latica, | of dectromn

m-sltr In onhm! mbmn: Fis0 M’P Symnx Arries lmvn
P of 2 h .~ chik

od o p\mnm&: prolon gmheu um& lhyh.h»d mealnne.

Uret W1
Lipids, DNA&

RNA
8lectures

Calvin cyche and pencose phosphate pattway: glycogen mebolsm, reciprocal controd

of glycogen and breakd roles of epiep and gl wad irvailin
in b Fomy acid peoten tumiver and anino ookl
C el oot l-osywlhcas ynthosis of menthrang Spids sad sieroks with
specific caphasis os ¢hol drolisrs and mevalonate padiway. elucidation of
ot paty hogic and olism; entry’ exk of variows
biemolecules from ceminl pathrway ples of metabol Jor; wheps foe
wwdwnﬂm)&AWqM«mumlnca\
SUrvation resp F ignalisg. Rele of vitamin & colacioes
In mestabolisn

Recommandsd Texibooks and Reférencas:
1 Stryer, L {2002). Blocheosistry. New York: Freermon
1 Lehminger, A L. (2004). ranciphes of Slochemintry (4% ad J, New York NY: Worth,
3 Vout, D, & Voet,), G, {2004) Sockemistry(4* ed ) Hobokes, NJ: J. Wiley & Soes.
4 Dobsen, C. M (200]). Preceis Follogond Misfolding. Natere, 426(6968), 854990,
201:10.1038natered2261 .
S Richards. F M. (1951). The Mrotein Asfsing Prodlem. Sciontific American,
26411, 5463 i | 01038 sacientificamericand 19154,
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Student Learning Outcomes

Student should be equipped to understand
three fundamental aspects in biological
plenomenon: a) what to seek; b) how to
seek; ¢) why to seek?

Course Objectives

The objectives of this course are to
sensitize the students te the fact that

as we go down the scale of magnitude
from cells to organelles to molecules,
the understanding of various biological
processes becomes deeper and inclusive.

Cell and
Molecular
Biology

Credits

na
L
Unit | Universal features of cells; cell chemistry and biosynthesis: chemical organization of
Dynamic cells; internal organization of the cell - cell membranes: structure of cell membranes
organization and concepts related to compartmentalization in eukaryotic cells; intracellular
of cell organelles: endoplasmic reticulum and Golgi apparatus, lysosomes and peroxisomes,
6 lectures ribosomes, cellular cytoskeleton, mitochondria, chloroplasts and cell energetics; nuclear

compartment: nucleus, nucleolus and chromosomes.

Program Revision Criteria - 1 (1.1.2)
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Unt il Cheomatia organimsion « histone aad DNA (neeraciome: structire and assenbly
Chromatin structure of euksryutic asd prebaeyotic DNA polymienes, DNA-cepliction, repair and
and dynamics contrel: gene igtion and silzecing by .
12 lectures Writers,-Readers and ~Lrasers; Transcriptional control: Structure and assembly
of eularyotic end prokaryetic RNA Pol and ek %
tronseription  factors as and crip d o
oegation and irssson; posd it comrol splicing and sddtion of
cop and il RNA Oow theough aockar sevelope ino cytoplesss, becakdown of
selective and specific MENAS theough imerforence by small aon.codng RNAs
(miRNAs wsd wRNAs), protein i hinery, rib 0
and assembly; wnieersal genetic codes, Segencvacy of codons,  Wobble
hopothesis;  Iso- pring CRNA; of o and
co- und kerad madificati deial penetic code
produce clesvage, sodifi and acti
Unit &
Cellular sigmllmg. <h of meckos ranspon. T dcrns
(nnspon and dris and chloropl Ihslar vesicolar rafficking fromendoplasmic
t_rafﬁ(king seticubern trough Golgi sp wh eeliex lerior
3 lectures
Unkiv
Cellular processes Ceil cycle end s regelation; cell division: mitsis, meloss and cymobiness; cell
8 Wctures differentiotion stem cells, their differercaton ito @fferent cefll types and orgmization
o apecialiced Savees; cell-ECM snd oellcell inmeractions; cell recepions and trans-
merebirene sigaailing; ccll reotilicy and migrations: eell daath: differcat modes of cell Seuh
>>>>>>> o thelr regulation
Unt
Muﬁpuhﬁng and $=olsticn of cells and baskes of cell culture; observing cells under 3 microscops, difSerens
studying cells types of micrescopy. arsdyring end kating DNA, RNA snd pecisins,
3 lactures
Ut
Genome Musstions, peok o and sursowr suppeesior genes, pliysical, chesicel
instability and cell and biclogical types of tro-genke and inter-genk suppression;
transformation witle penetio ek In prokaryotes and cubaryones, rode of
8 hctures transposons (n gecome; vieal and cellslar oncogenes; timor suppresser genes; stucture,

fumction and b and

of sction;
nnes; enes i ipdi

of e suppeckor

L

oy

~N
3\1 A\

Recommended Textoooks and Refersncss
Alberts B, Jobmscn, A, Lewis J, Raff, M. Roberte £, & Wigter, P20
Molecwar Solagy of the Cefl (5 BA.). New York: Garland Sciesce.
Lodish, M. ¥.c2010) Mafeculsr Co Solagy (K* Ld 1 New York: WM. Freemsan

3 Krebe ) E Lewin 8, Kipatrick, S, T, & Goldwiein, E.5 (2014). Lewin s Genes X

Burllagooa, MA: Joms & BanlenLeaming

Washiagron: ASM ; Sunderlad

Cocper, G. M., & Housman, R. E. (2013). The Col: @ Molecular Apgroock (6™ Ed )

0  Handin J, Bereal G., Kicinsnin, L3, & Becker, W.M. {2012} Secker's Worlday

the Cail. Boswon (8* E4) Benjarsin Cummings
Watans, J, D, (2008), Molecatar Bofogy of the Gese (5ad. ) Menlo Park, CA
BegjamnCammisgs.

WV AV 5
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I Course Ohjpciwes Student Laaming Outcames
The cbijectives of this course are 1o Stoderes should be abie 10 gain
Plant and introdece students %o the principles, fundareental knowledge in snimal snd
* peactices and applicotion of talme! plast Monechnology aad theke
Anlmal tiotechmology, plant tisse culture,
1 Pl and asimal pesanics, geectic
BIOteChHOIOgy transfoemation and mokocular beeeding
Crodts of plars and aramals
e
[
Uit Plare tissw oultere: hestocksal persp amoge Somatic
Plant tissue culture  cmbryogensis; casblisimen of culures - callus cubtare, n:ll swopestion caltare. media
andanimalcellculture peeporation — narrieon asd plent heoncoss; sterlization eeoniques; sppiicetions of
10 bechres thssoe culture « varlation; androge and s apphoations
in penetics mnd plare breading: germplam conservation md eryopreservation; yrafistic
wad predaction; prosophst cultere end somatic Mybeidization « peotopiest iselaticn;
colture and usage; somesic hybridization - methods mnd oppications; oybeids and
someni; cell genetics; plant cell coltures for secondary metabolite production.
Asirral cell culare: bricl history of sninal cell cultuee; cell cultere medie and reagents,
colture of mammalian cells, tissues and organs, primary celture, secondary culture.
cell hoes. 2up; culteres appli of animal cell celtere for vine
v lation and by witrs sesing of drags, Sestimg of tonicity of enviromnestal pollaees in
cell culure, applicamion of celi caltuee 1echmology (n produection of human and amime!
viral vascines and pharmacoutical proteins.
Unz il Genetic eagneermg Agrobocterium-plant & o vinulenos; Ti and Ri plamat
Plant genchc opines and their significance; T-DNA uuﬁ: doarmed Ti plasnds; Genstic
manipalation - Agrobacter dionsd gene delivery; cointegrate and binary
10 lectures vectoes oad thelr uelity: divect pene wansfer - m, mdumk zlmmpwuum
panici b wd chod Je anal
N fon of sasagenies; chloeopl fius: raarker-fros methodologies:
d d hodologhes « and pemome editing: modexcular
pharming - concept of pheis as Biofaciories, production of ndusrial enymes and
i A N
Ut 1 Aningd ive b - of spernes and overn: crvopreservation of
Animal reproductive spernis and ove of Wvestocks antificlal insermination; super ovalation, embeyo recorvery
biotechno ology and wd in witro fentilizaticn; celture odc-h')m cryopreservation of embeyos; embryo
vaocinology traasfer technod heion of snimal emboyux pplicatioes of
Inesgenic asimal txindqw stimal cloming - basic concepe. doaleg foe comervation
for conservation ead d spocies; V d hisory of d of vace (nes,
mnd-nw- 11 m- concept of vaccimes, comvertiors] methods of animal vaccine
peed P bk 10 viading production. modens veccnes
Unit iv Overview of ge ~ definition, complexity sed ¢lasification, need foe
Plant and animal level malysin; methods of sralyzing pescme o varioss kvel - DNAL RNA, proseis,
enomlcs retabolites and pheeoty pe; perome peojects and boolefonmaties resowrses Sor pmome
Rclures research - databases: overview of forward and revene gesetics fie assgning fiscticn
for genes
e Xl
ol \ s
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Unev Modeoilar ieskers - hybeidization and POR based merbary RFLP, RAPD, STS, SSK,
Molecalar mappi AFLP. SNP markers; DNA fiagerpe batisg-principles and spplicsioes; strodsson 1o
and marker assist mapping of penes/QTLs; marker-assisted - srmeghes for Inmedacing geoes
selection of bistic and abintic strexy redatance in plants: genetic baais for discre resissce in
8 Wcoures anlmalk; moleculer d af pah i plnts anndd esninsads; detecticn of mede

adubwration wsing DNA based methods,

Recommended Textbooks and Relerences

I Chawls, H.S (000, Introdaction to Plant Srotechnadogy, Exflietd, NH: Scunce.
Randan M. K. (2003 ). Mtreduction to Pent Tissoe Culture. Enficld, NH: Scicece.
Shter, AL Seott, N W _ & Fowler, M, R. (2008 ). Plant Bloteckaology: anMoradw ke
to Gavetiy Engiveermg Oxford: Oxford Univarsity Press

4 Buchenun B B_Grubsem, W. & Jones R L (201 51 Bochawistny & Mefrcular
Sokagy of Maats. Chichester, Wes Sussex: John Wiey & Sona

S Umesha, S, (2013), Mant Socachnslagy. The Encrgy And Resources.

£ Glick, B R, & Pasiernak, J 1 (2010). Motweular Matechrolagy: Mrinciplesand

0 of Rec DNA. Washi D.C.: ASMPress.
Brows, T. A, [(206). Geve Cloning and ONA Aoz o Introdaction. Oxcford:
Blockwedl Pub.

1 Prinwose, 5.8, & Twyman, R M. (2006). Princioies of Gene Manigalationsmd
Genemics. Malden, MA: Blackwell Pub,

i Sheec A, Scos, N, W, & Fowler, M. R.(200)). Plant Beterfimaleagy: The Genntic

Mowipwotion of Alants. Onford: Oxfoed University Press.

Gardon, 1. (2005), Reproductive Tecbasgues in Sorm Animels Osfond:

CAB lstermaticasl

Levine, M. M. {2004). New Generation ¥ocones New York: M. Debker.

Portrar R C2007), Antresa{Call o tachnaogye Mathoasand Fredacalr, Tatswn

NJ: Husrnsna Press.

Corse Otjectives Student Leaming Quicomes
The objectives of Bis cowrse are o Stdents should be abke o
Microbiology ntroduce feld of microtiology with loentity  major  camegories of
special emphasis on microbid diversity, microorganams and amalyze their
Credts merphelagy. physiokogy seed natritio; choaification, dvessty, and chiquily;
s 0ethods for coomod of mikcrobes and hast. Mentify and demonsirale serwctual,
u microbe iateractions, physwological, genetic similarities
and differences of major coegories

of microorganians.
Mentify and demmseaie bow o

custrol microbinl growtk
Dernoarae asd evalute imneactions
between  microbes,  hoss and

v ironment

Uniti Intreductios 10 mecrobiology and microbes, hisiory & scope of miceoblobogy,
Microbial morphakegy, strucssre, growthandnweritionofbecterky, bacterialgrowthourve, bacherial
characteristics culture methods; geaetics and reco in bacteris, plawrrrid,
6 Wchures traformanticn, tramduction and conjugss samicrobid

Uniell Microbid taxonomy and evolution of dversky, classification of microongmisms,

Microbial diversity criteria for classification; clssification of tocteria: Cyanctactenia, scetic acid becteria,
9 lechures ) Pandomonsds, lactic and propiotic acid backeris, cedepore fnming becteria,

o o
s AW ,/
¥AN a5
.3\‘,’\\ \ :‘.‘rL)
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Ly a wd Mycogl Archoss: pliles, M g@ees, Hyperdermeopilic
archone, Thenmoplasme cakarya: algee, fergj, slime mokds snd protomos; exwenophiiies
asd unceltirable msobes.

Unit Saerilization, dismxtion and antmepsis: physkal and chemical mathods for coomroe

Control of of macroargatisess, anihitice, aativica) s anifingal drigs ichogical comtrol of
microonganisms MR T

3 loctures

Unit v Virus and bocteriopbapes, geoend properties of vinsses, viral structene, taxorony of
Vin)logy virws, viral replication, cultivation aad identification of vireses: suds-vieal paricien —

5 lectures virokds s peism

unev Host-pathoss J rogact o microbes; wymbicsls (Niwoges fxathon
Host-microbes ard susinont symbiceis); microbes asd momient cy<les; microsial communicaticn
interaction system bocterial queam senairg; mbcrobial fusl el peebiaiics and pecbltics

5loctures

. Recommended Textboots and References
L ._I Pebezar, M. 1., Retd, R. D, & Chan, E- C.(2001 ) Microfiaioay( *ad)
Neo York: McGraw Hill
Wilkey, ). M., Sherwood, | . Woolverion, C. )., Prescott, L M. & Wilkey. ). M (M1
Presceet’s Microbidogy. New York: McGraw-Hill
Maithe, W, Borg C. ¥ & Black, ). 0.(2005), Mrcretiolagy, Principhes and
Exglorations, Betos, MA Jobn Wiley & Sos

NN Course Objectives Stiidant Laarning Outcomes
The ojectives of this cosrse are o uke On suocessfil completion of tha course,
Geneﬁcs studems theough baskcs of genstics and stdert will be shie
classical gesetics covering prokaryooc’ + Describe finduncatal molecubs
Credits phage pesetics 1o yemt asd higher penciphes of gemecics;
eukaryouo dormsvins. On coverimg sll ¢ Undersind relatiombip between
m 1 1 pes of Jeli el phenctype and genatype i buman
wcrons these Tife-forms, asdentswil peatic s,
be expaied % concepts of population + Describe the basics of genetic sspping:
wenethes. qUaneLtive genetics & Und(nmva b geng expression
ercompassing Comples wits, clinicat isreyslated.
goneticy and gemeics of cvolution
Unit! Concept of a gene in preDNA e mappirg of zeoss in becterial and pheg:
Genetics of bacteria romosemes by classical pencic crosses: fine strucoure malysis of u peres genetic
and bacteriophages complernentstion and other gensthe crosses using phenctypic markes; phenstype 3
10 Mchres penctype conpectivity price ) DINA-based understanding of gern
Unith Meiotic crosses, werad snalyses. non-Mendelian and Meadelim Tt gENE ComvErsion,
Yeast genetics medels of geostic recombination, yeas mating type switch; danisam sad rosessive
6 wcnures LENCRMIUIODS, SHPPESSO OF maodifier screens, comp SOn groups,

sunagenesis, syrihetic kehality, 4ensTio epissnds.

*

.J,.\’,
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Unit il Moncdiytirdd & dinybirid cromes, back-coooses, lesi-crovies, analyses of atosomal and
Dmsoplula nelics wx Inkages, screening of mumeions besed on phencispes nd mepping tie =ame,
asamodel highﬂ Rypomceply, genetic mosaics, pevetic epintanis in comest of developmental mechssism
eukaryotes

4 NCreS

Unt v Introd: © he v of pep genetics: posetic varksion. geostic drifi,
Population 5eneucs sl evelucs i selecti ) sclection, Fhen fevem Fandy-
and g!nehcs of Welnberg m:llkunl. liskiage disequilibeim, In-beceding depression & mating sy viess,
evolution ) N statistics. adaptive landscape, spatial
4 nchures vartion & gesetic Gincs,

UntV Complex trails, mapping QTLS, yesst 1o uedzrstand biokyy of QTLs
Quantitative geneticsof

complex traits (Q'ﬂ.s)

2 lectures

unti Laws of segregation i plat crosses, isbreeding. selfing. detercsis, malenance of
Plant genetics peeetic panty, gene pryramalisg

2 lectures

Bio-Statistics

Cradis

2

Recor-'ended Textbooks and Referercos:

Hartl, D L. & Jones, £ W (1996), Genetsce: Privcplesand Amolvsy, Sudbury,
MA: Jooes and Banlen.

Pierce, B. A, (200%5). Geoatics: a Conveptyal Apgroach New York: W.H Freemsm.
Tomaria, R H., & Leavis, W {1991 ) Pricciples of Gevwtics, Duboque,

1A: Wee. C. Brown

Seeth, 1M (1998 Evalacianary Genenics. Oxferd: Onxford Universiy Press

Student Loarning
Outcomes

Ot comspletion of this
course, students showld be
able 10

» Understaod how 1o san-

Course Objectives

The objective of this
course is to give
conceptual exposure of
statiszics, error analysis,

hypothesss testing, and arise stnlstical daa;
dglgn_ol:\cpcﬂmc«ﬂ.ﬁ in + Apply appropriate ssatistical
biological systems tests based on an unders-

tanding of study question,
type of study and type of Sz
« Imterprut results of statistical
sests snd appiication in
Diological sysicms

Unit !
Introduc
tion

8 lectures

yi\’\\y

C

Types of Nokgical data (ordinal scale. acemisad sm)c cofthanows and dscrete loglcal
systems data), frequescy md P (bor graph,
histogram, box plet asd frequeecy pdvyn) camdative fecquency didrinuios,
popedations, ramples, vimple rasdem. seearifisd and systemanc semeling.

X8
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Units Mexures of Location, Properties of Anthmetic Mew, medisn, mode, ramge.
D&ﬂp“w Properties of the Varince snd Sandard Devistion, Coef¥ficint of Varksion, Grouped
o Duts, Graphic Methods, Cterming Descriptive Ssentics oo e Computor, Case stisdy
statistics, troduction %o proksbilty wsd ks of protehiliy, Rasdom Lveoss, Evests-
Pﬂbhlbili!)' exdsusive, Museally nuun: md n;nlly Ikely (with simple exercises), Defintion
O s B ! Aestrds
and distribution e . aad nocmal discinsion
*0 wowres
Uneill Coerelation, Covariancw, calculstion of covariance and corelation. Comelation
Correlation and coeflicient from sngrouped daa  Spearson's Renk
ression Coerclation CoefBcient, scatter and dot diagram. Uenersl Congepts of regnession,
reg = Fitting qu Lines, segression uxﬂ'am properties of llﬂmunn Coafficiems,
analysis, Standard error of esti Making peon, Null and al emee in
Statistical hypothesis tesling, confidence intervad, ome-tailed and twosailed wsu-g decision
- muking. Making pricn, Null md s , error @ h
hypothesis testing, confid inderval, iled and ik ‘w;mu“ ion making.
30 lechures —
Usit v Su.-pt = Oe-hng Sicul i docti and putstion of \lﬂ o[
Tests of of sesulte; pling disiridution of mean and
sionificance timv Lage umpb: et (vei for an msumed mess and equality of two populetion
& ineans with keown S.D.), 2-4est; Sanall sample tests L-est for s aavisned mesn and
8 lectures equality of mesas of two populaticns when sample observatican are indepensiernt);
parnsetric and Noa paramelnic tests (Menn-Whiteey sest puied snd uspained ®-let,
chi bxuue tesl.
Inroduction 10 ﬂu.ﬁ dcsluu Lorgitudisel, cross-sectioaal, setroap. evtive sl
Unit V pective study, Principles of i | designs, Randomized Mok, and Simple
Experimtnlul mmml Geskpns, Aml;ﬂs ofvariance (ANOVA) and its e is asalysis of RBD,
intreduction 10 meta-analyds and sysisomtic revicws, cilac in stalisticn,
designs
8 hcluwes

FRecommended Texbooks and Referencas
- Jaype Brothess, (2011}, Methods ba Bicstatistics for Medical Students and

Research Workers (Englsh), Teh Edition

Noemae 7.1, Bailey, (1995), Suristical Methods w Baology, Jed Edition,

Cambeidge Usiversity Press.

3. PN, Aroew and P K. Malkan, (2006), Biostatistics, 2nd Editaon, Hestaliys

Publishing House.

Jerold Zar, Biostatistical Anabysis, dth Edition. Pearson Edacation.

Biostatistics: 3 Foundation for Asalysis in the Health Sciences, Tth Edition,

Wiley

. ML Samuels, JA Witmer (2003) Statistics for the Life Sciences, 3ed edition
Prentice Hall,

"

N

o
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_ Caourse Otyectives Student Laaming Ouxomes

The objective of this labortory course is On completiom of this cosne, Malents

LaboratOry I: 10 introdece stsdents 30 experiments in shauld be sbsle %o

N % iswry. The course o * To opts ol Y
Blochemlstry 10 teech students the utiliey of st with easy 10 run exgeriments;
& Anal tical oxperimeneal mefods in Nochemisiry + Yo Gassiliarize with basi sbocwory
= in & problem oeiceted manner, Imstrumsents and inderatind (he
Techniques o A—————
those mstneneots with experimen s
Crecits In baochestistry.

A

WO -

"

o

K

.\v' -}'-
RN

Preparing varioos stock seligions aad woeking solusons $ut will be needad for te coane
Topeepare an Acetiz-Na Acetue Buffer and valdxo e Handerson-Haed bach squation.

T a0 urk protein by plowing, & standand graph of BSA ming UV-
Vis Spectophotemneier sad validating the Beer- Lambert's Luw

Taratien of Amine Acids and separation of aliphatic, sromatic and polar aning ackds by thin
layer chrommwogrighy.

Purificatinn and characierization of an oazyme from » recoadinat source (sach as Alkaline

Phoaphs or Lactae Dedyds or vy enayme of the antivtion’s chedce)

2} Preparanon of col-free dysanes

b Ammorius Sees presipiation

€] Senexcharge Cheomatography

@) Gel Filtration

*) Affisty Cheomoograptny

0 Dialysls of the purified prosen solution againg (0% glhycerol m s
demoasration of sormge mehod

o Generatisg a Purifications Table {prosein concemmation, amourt of setal
peetelrn; Compuung specific activity of the cnzyme prapanitus 2l cxch
sunge of punficomon)

N Assessiag purity of samples froe cach sizp of purification by SDS-PAGE
Gel Electropboresis

O Esxysme Kinetic Parameters: Km, Ve andKeat.

Experimental verification tht alsorption at 00, s moee for deestused [INA a3 com pared 0
sative double straded DNA. reversal of the same folloaing DNA renaturation. Kinetics

of DNA renaturation s o function of DINA size.
Idemtification of ws suknown sample s DNA, RNA or protein usng evalisdle laboratory

ook {Opticeal Experunests)

Bioptivsical metods (Circntar Dichrosm Spectroscopy, Flusrescence Spectroscopy ).

Detenmination of mass of small mokecsles snd fragmestation poerns by M
Spectranetry

Prepaning various stock selugoss aad working solutions Sal will be needed for the coune
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BT Course Objeclives Student Learning Oulcomes

The objective of this laboratory course Swidents should be ble to:
Is 1o provide practical skills on basic *  lsolate, characterize andidentify
microbiological techniques common bacterial organisms:

Laboratory II:
Microbiology

Credits

A

¢ Determine bactenal load ofdifTerent
samples;
Perform antimicrobial sensitivity tests
Preserve bacterial cultures.

Syllabus

L]

Sterilization, disinfection and safety in microbiological nboratory
Preparation of media for cultivation ofbacteria.
Isolation of bacteria in pure culture by streak plate method.
Study of colony and growth characteristics of some common bacteria:
Bacillus, E coli, Stephylococeus, Streplococeus, eic.
Preparation of bacterial smear and Gram'sstaining
Enumeration of bacteria: standard plate count,
Antimicrobial sensitivity test and demonstration of drugresistance.
Maintenance of stock cultures: slants, stabs and glycerol stock cubtures
Determination of phenol co-efficient of antimicrobiakagents.
Determination of Minimum Inhibitory Concentration (MIC)
[solation and identification of bacteria fromsoil; water samples,

Recommended Textbooks and References:

"

Cappuccino, J.G.,& Welsh, C.(2016), Microbiology: a Laboratory Manuwal,
Benjamin-Cummings Publishing Company.

Collins, C. H., Lyne, P.M., Grange, J. M., & Falkinham 111, J. (2004). Collins and
Lyna's Microbiological Methods (8" ed.). Amolds,

Tille, P.M., & Forbes, B. A. Bailey & Scott's Diagnostic Microbiology.
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BT  Course Objeclives Student Learning Outcomes
Theobjectivesofthiscoursearetoprovide On completion of course, students should

L aborato hands-on training in besic experiments of  be able 10 gain basic skills in plant and
plant and animalbiotechnology. animal biotechnology

III: Plant
and Animal

Biotechnology

Credits

A

Syllabus
Plant Biotechnology

Prepareculturemediawithvarioussupplementsforplanttissuecylure,

PrepareexplantsofVallerianawallichiifori Ratic § pticcanditions.

Attempuinvitroandroandgynogencsisinplants{Daturastramonivm).

Isolate plant protoplast by enzymatic and mechanical methods and attempt fusion

by PEG (availablematerial).

CultureAgrob v faciensandantempitransformationofanydicotspecies.

6 GenersteanRAPDandISSRpeofileofEremuruspersicusand Vallerianawallichii,

7 Preparckaryotyy Istudythe morphologyofsomaticchromosomesofAlium

cepa A.sativum,A tuberasumandcomparethemonthebasisofkaryotypes

Poll hercellmeiosisand binationindexofselectspecies

(one achinsmate, and the otfier chiasmate) and correlate with generation of variation

1 Undertake plant genomic DNA isolation by CTAB method and its quantitation by
visual as well & specirophotometericmethods.

11 PerformPCRamplificationof*n'numberofgenctypesotaspeciesforstudyingthe
geneticvarstionamongtheindividualsofaspecizsusingrandompeimers.

11 Study genetic fingerprinting profiles of plants and calculate polymorphic

informationcontent.

N

o

=

Syllabus 1 Counteellsofananimaltissueandchecktheirviability
AnimalBiotechnology 2 Prepare culture media with various supplements for plant and animaltissucculture.
Prepare single cell suspension from spleenandthymus,

Moaitor and measure doubling time ofanimalcells

Chromosome preparations from cultured animalcells.

6. lsolate DNA from animal tissue bySDSmethod.

Artempt animal cell fusion usingPEG,

I
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Semester Two
Course Ceyectives Studert Leaming Quicomes
he objecuves of s comrse are to teach  Given Mie impect o genetic engireering
Genetic studerss with various appeoaches 10 in moders society, the stodents sdoald
» . Condectng penctic engizesrng and thelr be eedowed with swoag  theorecice!
Engineering  pscesominbictagiat cssmchoswetl  knowioipe of i sechosiogs,
& i baslecknology industries. Gesetic comjinction  with ®e  practicals s
Credits enginecring i s iechnology that hasbees sokecuder biclogy & genonic englacering,
- doveloped based oa our fendamental e stadeats should be sbke o sdke op
m endentandng of the prnciples of Sological ressarch s well a5 placersent n
mokceler biclogy and this bs reflacied n the relevard biotech industry.
e coments of this coerse,
Unkl Lespact of peretic mumwhg 0 modem society. geseral requirements foe performisg &
Introduction and petetic @ endonpoionses ind medylmes; DNA Bgase.
tools for Klenow enzyme, T4 DNA polyseriie, polysoclectide hinase, akalise phaibatase;
en ng cohesive and blust end ligathon: Bnkers: adaptoes; honepatymeric tiling; bbelling
G lectures. of DNA: nick treskesion, redom poming. radioactive asd ros-cadinactive probes.
hybridization sechniques: northem, wousiem, sonh-westem asd Rr-westen asd colony
hybridization, fuccesceace (o sty hybeidiratine.
Unell Hn-n-l- Bacteriophages; M13 np vectoes; PUCTS and mumnm vecioes, hogeesids,
Different types Lombda vectors: Ensertion and Replacement vectors, Comnidic Arficinl am-mlt
of vectors vestors (YACs; BACS); Principhes for izing gene veskansg
7 Incluras pidal; GST; pETubased vocton; Proein wnﬁ:mn Wy, GSTay, Mauu m'
Inein-based vectors: Inch Bodies; meodoleygies to reduce f of
bodies; and eepy m Raculoviras asd Molle vecton
systenm, phnlmdmhummumlm.ymmm shattho vecuors,
Unit I Prinziples of PCR: primer design; fidelty of thermostable enzymes. DNA polyimess sex
Different types types of PCR - mishtiplex, nested: reverse ipgion PCR. read time PCR, soechdcws
of PCR techmques PCR, 20t start PCR, coloay PCR, asymmetric PCR, cloting of PO prodhicts:
Tovectons: proof seading cnzymes: PCR based site specific munagencss; PCR i
mokecelar meumu:s ur.l g bosterial dctoction: sespens ing methods; enxy matic
DNA ing | o DNA; 'DNA W g RNA
; chemical syrhesis of olig & - sSCP,
DOGE, RYLP.
Unit IV Inwertion of foreign DNA leto hest cells; trasformation, electroporation, massfecticn;
Gene manipulation conmrusion of lomrcies: isoletion of MRNA and totsd RNA; reverss tronsoriptase. asd
and pmbe n-DNA CDONA systhesis; <DNA nd pmomic Bbranes: consoruction of micreerays - genamic
interaction amays. cDONA amays and olige armayy; study of peotein-DNA Incesacticns: dectrophoretic
7 lectures mobility shift assay; DNese footpeintiog: methy! L wsay, o i
bususoprecipetation; prowin-prosels IMeroctions wsing yert wo-ayend system;
Phage Sspiny.
Untv Gene il b 10 SIRNAS SiIRNA sechnology: Micro RNA:
Gene ﬂl(‘n(ll'ls constrtion e( #RNA vectors. prnciple mnd application of gese slencing gene
and genome edllmg knockouts ind gene Sieripy: crewion of ranspealc plants. debete over GM coops;
technologies introducticn o #rethads nrpm mewtipulation n ditSerent model systems v.g. frait Mies
13 leChurss & W A
A o (3
3/.,\‘:\ k%
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e
Immunology

Crecits

H

Unel
Immunology:
fundamental concepts
andoverviewof the

(Drosophiva), wonms (C. efegans), frogs (Gesapus) fish (aebeas faki) and chick: Trmsgenics
- gEne mep pere irg: creation of and Koock-cul mice; disce
medel; mroduction o peeome editng by CRISFR-CAS with ecific emphesis on
Cheness and Amencan cdnical wiaks

Raw-oovs Textbooks and Referances:

OM, R W Prirerese, S 8., & Twysan KM, (2001), Principles of Gene
MHonipalstion: an fntraductise 2o Genetic Exginetrng. Onclord: Bllackuel
Scientific Peblications,
I Green M. R, & Sambeook, ).(2012) Molacwor Cloning: @ Loboratary Masus.
Cold Speing Harbor, NY: Cold Spring Harbee Liboratoey Press.
Brows, T.A. (2000). Genomes (3% od.). New Yok Garlasd Science Pub,
Selected papers from scmtific journals, panticulaly Natere & Sciece.
Techuical Literature froen Sirstagese, Promegs, Novagen, New England Blolsh et

Cowse Otyectives Student Learning Quicomas
The obgectives of this course dee % leam Oa completion of this cosrse,
about sirucourd feastures of components of  studenes shosld be abde 1o

Mmimune system o well i theie fanticn Eviduaie asefulaens of immuanology
The mujer emplinss of this course will be 0 ditSereat pharmaceutioal costpanies;
on development of Enmuse sy sicm and Ienntify proper rescarch lab woeking
mechasivmas by which our body elices In orea of theis omn imeresti

Immuse respomic. This will be mperative Apply their knowhedge and design

for students as it will help them o pradict Iserusclogicad experiments o

about matuee of inenene response that dermonsrore omae, tumord of
develops agaiest bacserial, viral ec parasitic ayiedoic T lyrephocyte responses med
infestion, imd peovs it by desigmng new figre ot kind of imimune sespoescs
experimens. e seming of infixtion (viral or becherial)

Cemnpozents of e mnd lnqund nnuny phogocytosis; complement and
Indk y ur recepioes (PRI and pathogen associwed

Mk‘uﬂm("k“?ﬁ lenme insuse respoe. rucoal immnity; adtipms
Immsnegens, hapeons; Major Hisocompetibiliy Complex: MEC genei, MHC and

immune system irerran resp and disease dlity. Orgars of inmuse systent, primery
5 laciures and secendary lymphoid ceganm
um ] Iimmenoghobelins - basc gractuee, classes & subcl of ghobuliss, I
d i  mnadtigy iatin of & ghobulin penes; B-co¥ recopior:
enledby%andT [ Joball ily; peisciples of cell signaling: basis of wif & nco-self
Fen phocytes discriminaticn; kln&so(lmmme sesponse, memvy 8l saluration, aclividion
and differentiation; geoeration of antibody diversity; T-cell maturarion, sctivation and
differertiation and T-cod recepiors: functional T Call subsets: cofl-medated mmone
ADCC, A feop por asd dy ses; antigen
P ard p & antigens, antigeas, neo-peptide
boctenad antipens and super celi-cell Hapes-carrier systent.
Unt il Pre nd compk Sated nmune 1]
Aahgen-anhbodv immunclogical techalgues: RIA, ELISA, Westem bloaing, ELISPOT wsay,
interactions immanofucrescece microscopy, flow Cysomesry and |mmneelectron microseopy.
6 loctures wirface plasmon [ sy fora ¢ Pgand - recsptor menaction;
M aech Tyenpd Seralicn waay, mased lymphosyte necoon, oell oy 3

asseys. apopiosk, mcroamays, ramsenic inikes, gene Keock ot

N
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Unit v

Vaccinology
8 lactures

Unit Vv
Clinical immunology
8 lectures

Active and passive Tive, killod, sebrenk vaccines; vaccine
techmology: rode and propenies of adpvants, focoiilnat DNA sad prosee based
vaccines, plani-tosed vaocnes, reverse vaccinology: peptide viooines, cosjussie vace ines;

wbody geees and astibody ey ¥ > of nobod b
frybeid b catalytic antibedies end g hon of & globroly
gene libearicn, idiotypic vaccings and marker vaccines, viraklike pariches (VLPSL
dendeithe cell based vaceines, vooe ke sgaimd cmcer, T coll based vaccine, edible vaccine
ard Berapeutic voosine.

Imenonity to infection - bacteria, vind, fungal end parssitic nfections (with exenples
from each groep); byp v Type MV auodr 1y types of
dlseases. mackeninn and role of CD4+ T celly; MHC srd TCR in stotmommty;
of diseases; i dogiced benis of grafh

jection; climical Pl and Ive therapy; bursos istreusobogy
DURSOT AMTRENG. immune reiperme (o tumoes and tumor evavion of the Immune
systemn, cancer immunothenapy; mmusodeficieacy | primary ansumodeficiencies,
aoquired or socendary i , dsoeder, anaphylactic sheck,

€, inrene exbauston in chronic viral nfection, mmuse tolerance,

NK cells | chronio vial infectios and salignancy.

Unitvi
Immunogenetics
§ leclures

Magor batocompativility complex genes and ther rofe (n ausodmmme and infectious
dscases, HLA typing, husnas megor hstocompalibdity complex (M), Cotmplemetn
penes of the hemas magor b complies: for liskage
Ssequilibeiam and docase snociviom, genetic stidies of heumatodd anbeis, systemi
bapus erythenmonosss aad multiple seleneis, genstics of husan snsunoglobslin
immunogmetics of spontancous control of HIV, KIR complex

LL]

Bioinformatics

Credis
e

Recommandad Texatooks snd References

| Kindt T.J.,Golidry, R. A Osbome, B A_ & Kby, 2 (2006), Katir levmuvology
Now York: W.H. Freeman,
Drostoff, ), Seaddin. J. K. Male, D& Roi, | M. {2007} Chodcal fmsiusology
Losden: Gawer Medical Pub,

1 Murply, K, Teavens, P, Walpont, M. & Jaewary, C. (2012), fanewry'’s
Ivmusobiodogy. New York: Goelaed Science.

4 Paul. W.E (012) Fundamental immunafogy. New York: Reves Press.

£ Godng, ).W.(1998) MoneclasaiAntibedies Princpmmad®ractice Prodaction
and ApgpWestian of Masackaeal Antibadhes in Call Balagy, Sockemistry; and
Iovmanedogy: London: Academic Press.

6 Parham, P.(2005) The imsmuve System. New York: Garlaed Sclence

Course Otjectives Student Leaming Oucomes
The abjectives of this coorse are o provide  Stdent shoudd be abke
theoey and peactical experizace of the Dweelop an inderssmding of basic
use of common compatational wols asd theery of these aopratationsl loabs
databurses which facilitale mvestigacion of Gain workling knoeledae of these
melecular biology and evokaty oed | 300k and methods:
Corcepts Appreciaie their relevance for
it ianting ecif y
Blolegioal questione
Critically tnalyse ond inmerpresresulits
of ther stady
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Unit| Blomformetics basics: Cospuiers s Bokegy and sedicine: lntroduction 16 Urix

Bioinformatics basics md I.unx nwns ad tuu: commands; Detabase concepts. Prosels md sockeie acid

5 lectures Bielngical XML DTUD's: pwmern matching skgocifim
Daskos: darah, and search jools. bokegical back d fee aralysic
Mentification of peotein from DNA soorching of simlar
sequence; NCBI; publicly avislal:le tosls; @ EBL weh; ddak
miming wolks.

Uit DNAuqm-oeaulym nnebn& databy DNA w

DNAmnm databenes and databasr searchicg. pairwise aligr hai

anal molif dscovery and gene prediction, laal structural vargmis of DNA, their relevimce

S lecluras In molecular leve! processes, and thelr identification. msemhly of data from genome
soquencing

Unit Mukiple sequesce mnalysis; muktiple i flexile smikeity

.]npk sequence scarching with he FASTA) program package; wse of CLUSTALW and CLUSTALN for
::“]y“s nuligle £ DNA peotein 00 Sutad where mnd

M-wuhm. SEQUIN, pmum sahmitting aligned sets of soquences. uppdering
methods of phy kogeneti n'}!ls

Une v Protein modelling: ntroduction; firce field methods encrgy, buriad and exposed
Protein modelling veshdues, shoe chaiss and neightoers; fixed regions by deogen bonds; mappisg propestes
5 lectures oo surfaces, faring HMS fix of conformers: assigning secondury

ligs methady, evaluion, soocing, prscin completion: backbose

oorumumnﬂﬂd:aunmum simall pepdide methodel software
bulding pepeides: proneln displays,

Ut v Protein structere pmﬁ.mn protein folding end mode] pecration; secondary stnuture

Protein structure nmﬁubn analyzing secondery srectuses; nml- lmo searching; oop gencrating

prediction and : modelliag: ap hedelogy,

virtual library homotogous seqaency ideatification; align alun mahl

0 lectures of varzable and comerval regines; threadieg ocknigues lgokgy lisgernpi R
foe peediction. svalation of ahizmate modely; structre prodiction ena m

structere asded h of structere peodiies,
I Igori tabes, p lidk SR based metbods

of structure predicticn, prediction ming inverse folding, Sold pradicticn; significasce
anslysin, scoring lechmigues, sequenceaojusace seoring; protels fusction peadiction,
elements of In silios dreg desigacVirual Whrary: Searching PabMed, curvent combent,
schenco citstion Ddex and curmest swarmess services, electronic joaals, grares asd
findng informaticn.

™~ T 2% Rl
L.._l Lesk, A M.(2002 ) ntroductiosce Solsfarmarics, Osfond: Osfond Lsiversity Presss.
1 Moust, D W 2001 ). Bolgormo tics: Seguence and GenomeAnaysis CoM Spong
Harbor, NY: ColM Sprng Harber Laboraory Press
J  Bavevoals, A. D, & Ouveliere, B_F (2001 ). BoinGrmaties. ¢ Praceical Gadetathe
Anaysts of Genes and Protefns. New Yook Wik Interscieace.
A4 Pevsaer) {2015).5V dFunctiomalGenemizs. Hoboken,
NI Wiley-Blackwell.
L Boume, P.E, & Gu J.(2009). Seracoaral Blafmformatics. Hoboken, NJ: Wiky Lss.
6 Lesk, A M.12004 ) IntroductiontoProtefnSclesce:drohitecture Murction avd
— Gemorsicx Onxdford: Oreford Unjversity Press.
.;b\_;k'{. N>

e X
\ T
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I Course Ctjecties Student Learning Qulcomes

o Thootyectives of this cowrse &% prinvide Stndentshould beodletoacquire
Genomics and s kmwiedze Kiowidee aed undertmding of

. SERORMCS, Projeomics knd Beir % o asd
Proteomics ... rmsserigoetics et mstabolomnis s0d
Crodits their applications [n varioes appsad weas
- of Sakgy

L)
U"'_‘ Briel overview of prokaryotic and esbaryotic genome orgasizrinn: extra-chromosomal
Basics of genomics DNA: Becterial plaserids, misochondria and
and proteomics
3 lechures
Unkll Genetic and phiysicel magric meekers for genetic mapping: methods and techaiques wsed

Genome mapping Foe gene mapping., physical magping, Inkage snalysia cysegenctic techniques, FISH
¢ chyres tecknique in gene mapping. somstic colf by beidimsion, rediation hybeid s, in sity
hybridization, compaeative pone sagrping,

Unet I Husen Gesome Project, penome sequens Ing projects for microdes, plasts asd snisals,

Genome uqumdng accessing and retrieving geacme geoject isformation fum e web
rroim
lectipes.
UV 1 nd clacafy of orgamisms wsing sokculer markers- 165 (RNA
Companhw npingsequencieg, SNPL. we of gencenes 1o usderstand evolution of eukaryoces, track
genomics emerging dseases ind design sew dragic dedermining gene Socation n genome segusece.
fectures
UnitV Aitrg, eeategics and challenges in P 5 techologies: ID-PAGE.
Proteomics Isocioowrie focusing, muss spactrametry, MALDI-TOF, yeast 2-hybekd system, proseome
5 lectuses datybanes
Unit Vi T 7 analysis Sor identifh and jon of gene, Coelig
Functional genomics éy. ch walking and ization of miing fncticnal
and proteomics 2enes in genowe. gene function- farwand asd reverse perwescs, gene edhics: provere-
B Ncres protein end peoteiny DNA imieractions; proteis chips aad fanclioml prosesmics; climical
wndd bi | of inredecrios 10 by, ligidomi

metagescmics wad sywterms Nology

Recommended Textbooks and References

1 Frimrose, S. B, Twyman, R. M., Primecse, S. B, & Pristrose, 5. B, (2006),
Principles of Gome Manipalation and Genomics. Malden, MA: Blackwell Pub,

2 Lasbler, D, C.(2002) intrexdvctdor e Srotromics: Tooks for the Mew Sovogy
Towws, NJ. Hustars Proa.

1 Campbell A M. & Heyer, |1 {2000} DNseomaring Ganomics, Proteomics, and
Biodformotics. San Frncisos: Benjamin Cummings
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I  Course Obpectves Student Leaming Outcomes

The ebjectives of this coutse are Jo e Studerts saould be able 1o mdardand
Molecular skeloe students shour recent advarces in various fcets of mobecuder procedires

& 5 rolecule Bokgy asd varioay fcets of and bepacy of peramicy, prosecrmcy amd
Dlagnostlcs ) dicke which has to membohmics thet could be employed in
Crodts peodoundty alter many xspects of modern early Sagrase and prognesis of human
- madicine inclading pre- or posd-aatal dicwses

u analysis of geostic discases and Memifica:

tion of indivadaly predisposed 10 diseas

naging from common cold to cancer,
Uit DNARNA, Proseis: As 2 e | straciuee & W DNA poly
Genome biology in phism: human deetity: clnkal vackhility aod ) e

o drapn

health and discase
4 lactures

Unit e PCR: Real-Sime; ARMS: Muliplex: ISH; FISH; 1SA; RFLE, DHPLC; DOGE, CSCESSCP,
Genome: resolution,  Nucteicacia aew of M chigs;
detection & analysis  EST: SAGE: microamay data noomalizaticn & analysis: mokeculor markers: 105 TRNA
5 Rotures typing: Disgnestic proteomics: SELDI-TOP-MS:; Bivindormatics dat scaquisisne

& analyss.
Unk il Blessbolhe profike for b & the body Bukds/thssues in various mebolo
Di. ostic disorders by making using LOMS & NMR techaological plxtforma
metabolomics
2lectures
Unt vV Direct and (dastifh of hat are show growtng or
Detection and identity  cueremty lacking » system o€ e vitro cultivetion s well as peotypéc markers of micesblal
of microbial diseases  resistance to specific amiictics.
4 lectures
Uit v Exeniplified by two inherited diseases for which molecular diagnosts has peovided »
Detection of dramatic mp of quality of medical care: Fragile X S Parsdigre ofnew
inherited diseases eusetiora] mechaniem of uastable triplt repeses, vin-Hippel Lindo disease: recent
A hectres @cquisition in growing tumber of faesilial cancersyndrones.
Unit V1 Datection of recognized gesetic sherrations m climical cemples from cmcer pusients.
Molecular oncology e of ing allerations reveniad by next-gonernics & of clinksal
4 lechures wokpes, predi rhars foo d herapry of b Sseases sech o

chranic myelokd beakentls, colon, breast, hung cancer md melanocea as well as makbing

trgoted therapies with patients and proventing loxicity of sandwd sysiemic therpies
Unk Vil Quality oversight; regulations end approved testing.
Quality assurance
and control
1 Dcture

I. Recommendad Yextbooks and References:
L _l Campbell A M_& Heyer, L. J.(2006). Ovscovering Genamics, Protoasics,
{t" amd BlainGrnaties. Sen Frascisco, BeajamiaCemmings
‘gz'; | Brooker, R. J. (2009). Gesetics: Anolysts & Privciples. New York NY - MoGeaw-Hill
'il-t““ x};/.’\\.,

0.
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A Co.rze Onyectives Stugent Learming Ouicomes
The obiecerves of this course are 10 Studienits should be shle to;
Rese arch give bachground on hissory of science, Usderssand history and mehododogies
emphasizing methodologies wed w ef wiereafic research. appiving theseto
Methodolo dn resewrch, e framew ork ofibese recere pebilished papen;

3 2 methodologies for undentanding effixtive Undorssand ond practice scicatific
and Suen.h 1C lab practices mnd sclentific communication readng, wriling sad prosensstions;
Communlca- wnd spprecian scientific ethics. Appreciate sciatific ethics theeugh

- s Caae spdies,
tion Skills
Cradits
ol
I 2 I
Uit | Empirical schoace; fic method; e aad controly, doductive
Hlsunyo! scienceand  wd inducti ing; deszriperee scence; red s hollsoe bislogy
science methodologies
8 lectures
Unt il Chossing 2 mentor, b and resqarch question: maineaiing o b tostosk
Preparation for
research
2 lectures
Uret 111 Concept of efMfective mmm wmr;dm pcl; ‘wcommmbmm determeining
Process of 0 resuls; iaitiat i dowrs while
communication commun lcating; ereating value in conversation; hmen 1o effective communication;
S lectures noa-verbal commenication: interpresing mn-mul cuei inpoetaece of Body langieps,
power of effective I I 1 dIfs: Presentation shils - Saomal
skills; preparing and p g using over-hend projector, PowerPolne.
de (e i i ienific poster e £ Ll 4
n group d e skills for soientific researeh - web Browsing foe

information seech: search smgnes and their mechanam of ssarching. hidden Web
and its impoetaece in scientific research, internet s 3 madim of interaction beeweon
schentists: effective emall strategy ising Se right 1ooe and cone bener

Unit vV hdm-! writing skills - types. of repoets: layoat of & forred repan; sciensific wrivig
Scientific akilks - of science: probloms while writlsg o schentific
communication & ;s plagir ftware for piagiarism; scientif: pabl wriing b

9 lectures of & sciestific paper ahsract, ineroduction, materials & mofiods. results,

discassion, referesces; drafting Sthe and freming absiracts: pablshing sclentific papers «
Peer review process ind yrnblnn ku! dntkw-m m.h 25 open access and aon-
blind review, pé ion; scianti fic
presentations; edtical lssoes; sehentifio mbscord e

L‘-.-jj:‘r WY o

T\
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S Course Ohemiwes Shuden! Lesrnng Cultomes
The otgectives of this course ave 80 provide  Seadeats should be sble oo gain losadi-
Laborato andents with exparimensal ksowledge of o0 experience i gene cloning, proieis
mokocaler bislogy snd penctic engineerieg,  eapression mnd parification. This
IV: MOleCll ar experience would enable B (o bagin
3 an a carwer in ndusry thee engages (n
BIOIO d penctic cngmesring a well s in rewearch
Genehc Roraioeies condecting Musdenennsd
. . h
Engineering -
Cracits
Syllabus 1 Consspt aflad-opersa

3 Lactoss indection of B-galactonidas:
0 Glecose Repecision,
o Dieusic growth curve of Ecol
UV snssgeness %0 iolste smino acidaisotroph
Phage titre with epsilon phageMI3
Geretio Trassfer-Conjugation, gene mepping
Plysmid ONA isolation ard DNA quantitstion
Restriction Ercyme digestion of plesmad DNA
Agarose gel decarephovesis
Polymerzse Chaln Reaction and analysts by agarose pel electrophoress
7 Vixtor and Insert Ligstion
W Prepanssore of compelent oclls
Trassforrution of £call with stasdand plassics, Calculation of
ransformasion ef¥iciency
Confirmation of the insert by Coloay PCR and Resriction mappisg
11 Expression of recombinset prosein, concept of wolshle prosemns and aclmion
Body fennaticn in Ecoll SDS-PAGEasalysis
14 Perification of HisTagged procein on NENTAcolumns
¥ Random Primer habeling
%) Scuthern hybridizsion

R RLE

Recommended Tnniso:im ;—nd References
L!!J 7. Green, M. R, & Sambrook, 1 (20121 Mofecubar Clonigg: o Labaratery Mason)l
Cold Spring Harbor, NY': Cold Spring Harbor Labaratory Press

} bl g8
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Course Objpchves

The cbijectives of this laboraory course
wre to develbop m anderstanding whost
practiced aspedts of compooents of
Immene syssen as well as their fusction
Baic s well ax sdvanced methods will

e roght 00 etecr differcan antigen and
snbhody mieractions, sokmon of éfferom
lymphocyte cells etc end how they can be
wed I respoctive research work.

LaboratoryV:
Immunology

Credes

A

Student Leaming Outcomes

Studenes should be abie hx
Evalisne inafalnes of immenslogy o
differes phannasewtical compasies;
Memify proper rescarch hbworking
in grea of their oanimeresix
Apply tieir kaowiadge and design
mnnunhr.ﬂl! OXPEraTnts w0
demonstrate imale, hamond o
oystonic T lymphocyse respersesand
fagere 0w kind of immane response
in seming of infection (viral or
bacierial) by booking at oytokine

i and Radial | 8iff

profike
5)’"le$ Selection of andmals, preparation of astigess, Immusization and nethods
of bioed solledtion, serure separaticn and
2. Amtibedy tiwe by ELISAmethod
1 Daouble diffy | f
4. Complertent fixafioe lest

Isoletion tod purificasion of 126 from serum of T2V from chickes egg
SDS-PAGE, Immuroblomng, Dot blotassys

Bloed srmesr idestificatios of leuoocytes by Gigna siin

< som of Jes by 4

Demoastration of Phagocytosis of latex beads and the i cryopresarvation
Separation of moacanclenr colls by Fiooll-Hypaque and thetr cryopreservation

11 Bemensration of ELISPOT,

17 Demendration of FACS,
Semester Three
BN  Course Objectves Student Learring QUKoMEs
The objectives of this course wee to edscale  Studens should de able !
BIORIOCERS = Sesviasasanms e S—

of bloprocess techaology asd its related
applications. thus preparing $hem to meet
the chuallerges of the new and ereeging
arems of Blosechnalogy Industry

Engineering &
Technology

Credis

freon indssirial cosiest;

Carry out stolchiometric calcuksions
and specify models of thsingrowsh;
Glve an acconmt of deslgn ad
operntions of vanous fermentery;
Prescnl ank operations logether with
the fendamental ponciples for basic
methods in prodaction sechmique for
Bio-hosed products

Cakviae yioM and production rmes in
a bioogeal productios process, arad
abio erpret date

Calcelate the need for oxygenand
oxypen ramfir;

Critically malyae any Noprogess from
muarkel pomt of view;

Glve an accoust of amgonant
microbial eneymresic indusrsd
processes i food and feelindestry

Rardeedod Sidech Ouvieda | 25
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Uit Isolation, sereenieg and maimenonce of Industrially loporsast mkcrobes, microbial
Basic pnmgles prowth and death Kisetics (an example from each group, ;wn.duth with reference to
of biochemical industrally wseful X wirain & yaedd snd oher
engineering OGesrable charecteristis
4 lecturas
Uit 8 i b i ) ling ~ ATF32d NAD+; vield coeflicienss;
Stoidliomﬂry and d models of bial growth; medels of microbad groath
models of microbial
?owlh

lectures
Unitmi Batch and fermenters; madifying boech and reacion: chemassst
Bioreactor d&lgn with recycle, sulisiage chemmosn sysiens, fed-banch cpendions; conventiesl
and analysis feemermation vis biotransformation; ammobilized cefl systems: lange soale snlmal axd
8 lectures plant ezl cultivations; f g medis for

and eptimization; sterifaation; acritioe, qynun- and deut trmsfer in biopeocess, scale
op and scale dowr: measurement and contrad of Bloprocess parameners.

Unkiv Seperation of Iasoluble products - flisation, n. 1
Downstream Cull dierup of sishle lisgpaid-liquid ipé
Pms“ng and chromsnographie lcknigues, severse ounsis, ukia and sicro Mliation, mm
gm duct recovery Nead perification: drying. crysmlioation; sorage and peckagng.
Umt v Bolation of micro-organsnes of potentiol industrial imerest; sl lnprovement; market
Fermentation wnalysis; oquipment and plast costs; medis sterilization, heatng and ceolng acrtion
economics and aghation. bati-process cycle times and contisucus culteres: recovery costs; waster
4 lectures wnge and recycling: efffeent trestrent snd dispoaal
Unit V1 Mechanism of enzyme fancrion and In process
Appliaﬁons of Iioconversions eg. starch mnd segar conversion procesaes; up-lmaun com wyrep;

e technology

in food processing
4 lectures.

interesserified fa1; hydmbyzed proseis e snd thee dowsstream processing: beking by
asd d wing By glecoses onidase, boer mashing aed chill
pmumu. cheese making by protesses 3ad vanoss ether eneyme catadytic scons n
foad processing,

Una Vil F d foods asd ages; food d and aaditives prepared by fermernation
lications of micro-  aed deir perification; fermentathon as a method of preperiag md preserving foods.
bia h«hnology infood microbes and their use in pickiing, producisg oolour and flavours, alcoholic beverages
process ations and  asd other prochcts; proces waste-whey, molavics, starch sehrates and other food
pmducnon, biofuels  wiss fur biveorversion 1o weil products; bagteriocins from Lactic scid baseria —
and biorefinery peodction asd spplicerions i food pressrvation: bhetisels cnd biorefinery
4 lectures
.l Recommended Texbooks and Relerences
L _l U Shuker, M L. & Kargi, F.{2002) Suprocess Exglnasring: Basic Concapes

Upper Saddie River, NJ: Prentice Hall

Stasbury, PF. & Whinser, A. {2010} Prisciples of Fermentatior Technolngy. Onaford:

Pergamon Press

/ Blaach H W_ & Clark, D.§ (1997), Bevhemical Engianwing. New Yok M. Dekher.

~ ,’-" ¢ Baley, ) E., & 0Ms, D F.(1988) Mechomical Eggisovring Fandomastaly, New York:
‘ ::)t\v YW McGraw-Hill.
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O Uy

Jwoem Leaming uucames

This course is broad-based Is nooure Studenis should be 10 leam Bistory,

Eme 3 ¢ o alr ch % theoreticnl 2esis ond busic usdiritandi g
. L corrent experimenial ressiechers of latest technologies in area of
Techno ogles Mg plexsy bictechrology. They dhculd alvs be abwle
Mokgrouestisninlife-scicaces, The 0 S about vanoss appicetioss of
Credits " oo hasies of lingies Thevtush
e sew principles to students %0 as to learn one application in depth tirough s
2 appeeciste currers-day resewrch toal-kit sasignmens andoreming
bener
Uniti Hasic M opy! Light M opy. lemes and f & Rayleigh s
Optical microscopy Approsch, Darkfleld; Phase Coowast; Differential loterferonce Cootrast. Museescmas
methods and 1 i y: what is M L whax makes @ modcule floresceed,
8 lectures i pe; opdical Tight souree; filker setx excieation filker,
dichruic mirrer, and barvier, optical layout for image capture; OCD cameras, back
Iamination, bisniag, recerding color; teee OCD alementy with dicheoic beymspliners,
toostieg te sigral
Until » DaecsmveryiewMSFTCRasd0rbirap fragmentstion
Mass spectroscopy foptidesp sanol C-AESPh o s e
il specwescopy in structeral bislogy; imagisgmassspestrometry,
Unit - High firoughpet sereens In celluly systems, target ientification, validation of
Sz:‘tems blolog)' experanental mwshods to generate the omios dusa. bieinfoomatics anelyses, mathermutical
3 lechures and &esignieg testabk predicts
Une v
» X i htiond solld Loryu-elec b gy Stval-
SStructuml blology azgle X-ray seattering. Atornic forcericroscopy
Ut V . . . .
Hatory of i ducovery, vlucidation of the mechasism Inchuding (nreduction o all
CRISPR-CAS PR " P ™ faglor
& lectures gereticstindles hnods lerap hed
5
-..40.‘_\‘.. v ¢f
7
W
%
|\ / "‘L-
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Umt Vi I ion o manch iring ranchady with phase-displey methed for

Nanobodies developmeet of aatibody agairst sative proveias, narobody as a ool foe prosein

4 lectures struceere-fusction snadhes, wse of ies for malecular imeaging, catabel
anBodies wiieg namobodes.

Recovmanded Texibocks and Referencas
Campbell, |. D.{2012) Bophysicad Techmigaes. Oxford: Onford University Pross.
Serdysk, LN Zaccai N, R & Zaccai, G.(J007), Mathody iy Malroular Sioplysics:
Srructure, Dynamics, Fuection. Canbeidge: Carbrides University Press
Phillps. B Koodey, )., & Theriot, J.{2009). Physico! Biology ofthe Col. New Yok
Gurland Science
Nebaos, P.C_RadoasvBevié, M & Bromberg S (2004 Biological Piysics. Energy,
Informetion, L. New York: W.H Froeman
Huarg, B, Rates, M., & Zhcmg, X, (2009). Super-Seseiution Rlooresomcoe
Microscogy: Aenesl ReviewofBiochenistry, 751, 5931016 dol:10.1 1a6amurav.
biochers. T7 061 006052014
Mubsirgu, P, Makarova, K. S., Zetsehe B, Zharg, F. Koonin E. V. & 0ol ). V.
(2016). Diverse Evalutionary Roots and Mechanistic Variations of the CRASPR-Cay
Syrtaror. Science, M HEXN), doi: 10,1 | 2e/ecience sad 5147
Lander, £ (2016) The Herows of CRISPR Cell, 164(1-2), 13.28. doi 10,1016,
cell 20151211
Ledfoed, H. (2018) The Ussvng Mersosof CRISPR Nowure, S35(7612) 342+
Goi 101008535340
Jimek, M_ Cholinski K., Foalara, |, Hsser, M. Doodm, 1 A & Charpentier, £
{2012). A Progremoalie Dual-ANA-Guided DNA Exdoaracivase m Adsptier
Bacrerisd Imovunty. Scleece, S3T6096) 816-621, doi: 101 1 28 science, 1225829
Hamers<Catermuan, C, Asehowch, T, Muyidermums, 5, Robiras, G, Hismers,
C., Songa, E. B, Hienesers, R(1993) Netavaly Ovcurrigg Ascidodies Devoid of Lgght
Choles. Noowe, 363(6418), 446448 dol: 1010583634460,
Sidhw, S. S5, & Koide, S, (2007). Phoage Odplsy for Sngiweerng aed Avalymng
Protein [nteractios Interfoces. Curent Opinicain Stractieal Biology, 1 (4),431.487
dol10.1016) shl 2007 (8,007,
12 Seeyaert ). & Kobilka, B.K.(2011) Mansbosdy Stabwrationaf G Proteir-Coaples!
Reveptor Conformations) Stater. Currene Openien in Strecturel Biokogy
21(4), 567-572 &i: 101016 sbi 201 1.05.01 1.
Vincke, C., & Muyidermans, S (2012), Introdartio to Hewry Chato Avtiodie smd
Derived Menobodier. Single Dormain Antibodies, 15-26 doi 10, 1007978-1.61 77
9636 2,
W Verheesen, P& Lacvenans, T.2012). Sefection by Mhage Displey of Sngle
Darraie Antibogies Specfic to Aatpens be thar Maty forvation. Single
Domeen Antibodies, 31-104, 4o 1010079781617 63.6_6
15 LS, Xin, L, S0, Y, Lie, H, X, X, Lo, Q. Rebesran, K. (2012). Molacular loprint
ofEnzyee Active Site &y Comed Nansbodies, Joemal of Bioleghoal Chemsiswry ). Blol
Chem., 25 17), 1371313721 dol: 10,0078 %0c.m 1 1] 336320
W Sohier, ). Lowrent, C., Chevignd, A Paedon, B Srisivase, V., Wemery, UL Gallen,
M. {2013} Alfostartc Inkrbition af VIMMstaiio-£-Loctamases dy a Camelif Nosabady
Biochermical Jourral, 45003}, 477486, doi 10, 1042120121305,
17 Chekravarty, &, Ooel S, & Cai, W 2014} Nanobod): The "Magic Butee”for
Maodecaior maging " Therasotics, 4(4), 386.398. doc 10.71 50502 8000

1

o

-

Jov ’ N e

Program Revision Criteria - 1 (1.1.2)




T gl fRreafenea

(A Ry st 2000 7. 25 B i TR B Rvefere)

, RemragR - 495009 (B1.)

Guru Ghasidas Vishwavidyalaya
(A Central University Established by the Central Universities Act 2009 No. 25 of2009)

Koni, Bilaspur - 495009 (C.G.)

Critical Analy-
sis of Classical
Papers

&

Course Objectives Student Laaming Outcomes

The objectives of fils course are Studerss shoeld be abde 1o tran in the
Tarediar(2e stadents with cheaic lileruure exvercise of hypothesis buibding asd

0 make Gem sppeecinie how ground methods of sddresiing the hypodests with
beeaking dscoveries were made without, readily avallabke nechnology.

secessariy, s of bigh-end tecanologies.

llw Boes the Course Medule work? Stodents may be divided in vm.‘ and esch proup may be respansitle for one
chsical paper, Each week there may bes 1.5 hoar p ium for eack of the pagers, Al the end of the
semester each student will be askod 1o write @ mink-review (2-3 pages leag) on way one classical gaper. other than the

one ho'vhe prescateddiscussed.
A list of sixtoen clansic ppers and somse suggested reforence maserials:
Sylamus | Stedies on the chemical sature of the ndusing Seemation of
Molecular Biology ¥ cal types Jon of tramafi by o desanyr Wic acid
feaction solmed from Poevmocdcous type (1
Avery OF. Mackeod CM, McCary M) Exp Med. 1964 Feb 1992k 137.58
Note: This paper dermosstrates fut DNA & the trassfierming Frincigle ocghally
descrited by Frodrick Griffith
2 mospendent fanctiors of viral prefein end muclelc actd n growih of bacteriopluge
Hershey AD and Chase M. J Gea Physiol. 1952 May: 36( 1 39-56
Note: Note: This paper demonstrotes thae DINA, and 20t grosein, component of
phegpes caler bacterial cells.
3 Melecular structere of mecleic acidhs; & srecture for deaxyrivoss sockic acid
Watson J0 and Crick FH, Natuee. 1953 Apr25:171(43565737-8
Note: In this enz page paper Watson and Crick fiest described the strocture of
DNA double betix
Stdy help - Watson_Crick_Natere 1953 _annotated
¢ Trassposahle mating 1ype genes inSaccAarempoes corevinng
James Hicks, Jeffrey N. Strathem & Amar J.S. Klar: Nutuwe 282, 473.493,1979
Note: This paper provided evidence for ‘casietie iy pothesis” of yeast manng lype
ewiches Le laterconversion of meing types b yerst (£ crrmvaiae] oceurs by
DNA rearmangemet
£ Messchion & Suhl experiment d i phication of DNA.
Meselson M -\i Starl FW Prec Nlll AadSclUS A l0<8 Jul 15840767052
Notet The 4 ative mode of DNA replication is
redarred %o as "the mast benifel experiment in biclogy”
6 fnwwo alteration of izlomere and caused by murated
Tetrahproeca wehomerase KNAs
Goo-Ling Y, Join D. Bradley, Loura D. Antardi & £ liesbeth H. Blackburm
Natere 344, 126-132, 1950
Note: This pager demoastrates diat he ichanzrise coatalns the temglake foe
tedomere synthesis
Sytabus 1 A pectsin-conducting chanmel in the endopiesivic tetoulum
Cell Biology SimonSHE AND Blobel G.; Cell 1991 Mgy 3653117580
Notes This paper dereosstraies hie existence of 3 predein condecting chenael
o Study belp - A beierhistory of Signal Hypothesis
A (’( 4
:}ﬁl{\" 5 2
N MR
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2 b f ors |
in the yeast secretony pertrway
Noviek P, Field €, Schekmuan R.; Cell, 19890 Aug21(1)205-15
Note: fa s b e poger Raedy Schek s group wmed
screen for ot sedimenting yeast muswils to Meneify genes lsvelved is cell secretion
A yeest mstant defoxtive of kn early stage in import of soretony proteln prodursoes
irtn the endoplasmike reticutam
Destasen RS and Schekman R J Cell Biol. 1987 Aug, 1052162148
Note: Using anather yeast sreen Scheb lah s Secol, a
companent of EX prowin Conducting Chanaed (PCC)

paper - A Biochersical sssay for ldentification of POC.

4 Recoratitetion of the Transpont of Procek Between Sacceasive Compartments
of the Gedgi
Balch WE, Durply WG, Beaell WA, Roshmem JE.; Call 19848 Dog N2 Pr | p40%-16
Notes This paper deseribes settisg up of @ (0 Wiz reconstisnied syster for
(raspan between golgi stacks which eventually paved the wiy foe iergificetion of
most of the molecuky pliyers mvolved in these sops inglading NSF, SNAP etc.

A complete mmusozlobuin gene ks cremed by somatic secombenation
Brack ©, Hirsa M, Levhiand-Schwmller 8, Tonegawa S - Cell, 1978 Sepc I S(1 1 1-0 8
Note: This ssady DNA fevel molecslar details of somatic

g of hobualln gese leadding to the genaration of

Tuncticnally compeomt antibody generating gene folow isgrecosbination

A govel esuktigene fenily may encode odorant recepions: a moleculer basis for

odor recognision

Bock L and Axel R. Cell 1991 Agr SE51):175-87

Note: This paper suggests Shat different chermnical odorares woocine wifh differeat

cell-specific expreasion of a wansreembrane repeptor s Drosepbiio ollackry

epihellon where a large Ty of edoni receptins is expresed

Knesia walks hand-over-hand

YilSx A, Tomishige M, Vake RD, Selvin PR Sclence, 2004 Lo 30,303 (565816768
Noge: This paper shows tiat Kinesia motoe werks as a two-headed dimeric sosor
walking bsd-cver-hand racher thaa like an inchwonn on ssicrotebele tract uiing

wroeps requiresd for post-iranskmional events

the eeergy of ATPhydrolysia
Sytabus Mussoes affecting sogreent number and golarity s Orosophiie
Developmental Christiane Nussleis-Volued and Eric Webchsse Natare 287, 105-501, 1980

Note: This singhe mutagenes screes idestifiod majocity of the developmenmally
important groes not ooly 0 Mies bt (n ceher mesazoens as well
Infoerrasion for the doral—ventral patiem of the Drosophile embrye & sored
& maternal mRENA
Anderson KV and Nitisheie-Vellued C; Nature. 1984 Sep 20-26;311(5983)223.7
Nede: This landmark paper demonstrated thet cerly dorsal-vestral patiern
information Is stosed es ssaternal sRNA in flicy sl devised the method of
ernifying genes encoding ek penes

¥ Hedpshog sigraling is the mewse requres inteaflagellar transport protelas
Huargfu D, Liu A, Rakeetan AS, Murcia NS, Niswander L, Anderson KV..
Natire, 2005 Nov 64266562 83,7
Notez One of the srchitects of origina! fly sumagenesis screens condacted o mosse

screen which 1 gene Kif3a s 2 major componere of hedgrbog
signalisg pataiy. Evestually this discovery revolstionizes cur enderstandisg of
ch of action of ettways by 4 g central role of

clllla i i
Sapeented Refermce peper « Design and execution of & omley i lethal museson
screen (n mouse. i

Biology! Genetics

[ } E'w {5
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Bioentrepre-
neurship

Creats

C

Course Objectives Student Leaming Outcomes
R B riis Swdents should be able % gain
wnd boch are seeded In A rpldly wal  wkills, 4

developmglifacieaceindastry, fRere the varioes operatiors nvolved in
B o urgedt neod e people who vereure crawtion, Memtify soope foar
combing business knowledge withthe e hiphabiesci and

snderstanding ofscience & sachoslogy. utilize $re schomes promoced through

B o hip, an Y fge centres and varom apencies
course, revelves sround the cenmral Serme  The Keow lodpe pertaising 10 managemnent
of bow 00 muanage asd develop e science  shoal also help stadents to be abke 10
companies and projpects. Theobgecsrves buid up 2 srong setwork wiltin the
of thix counse we 0 lesch siadents ndusry

abour  coscepts  of  eatreprensership

ynga
opportimity, gathering  fandieg  and
basnching & busnesk, growing and
survering the organi zation andhacvesting
the rewseds.
Unt| Introduction and scope in Bi o hip, Types of bio-ind ol
Innovation and dyarmics betwose the sub-indutries of fie b (e.9 pharmacesticals ve. Indusrial
entrepreneurship Bionock). Strategy and oparations of Bo-sector firma: Faciors shapizy opportasilicn
in bio-business for 420 ard entny hip in b 5, and the busines nglications of
8 loctures thane opyp ilies, A Eaced by ko firmmes and the relevan toods
for strupcgic Gocision, Sip progr of public sndperexie
aenaies (MSME, DBT, BIRAC, Make In Inda), stategk dimensions of patecting &
commercalizanon sTaegies
Unit 11 Negocioning the road from kb %0 the market des sad p of neg
Bio markets - with i 20 and regulatory authorilies), Pricing snicgy, Challerges
business strategy i marketing 1 bio beaircas (market conditions & developing
and m‘ﬂmﬁns charsely, the sanure, aalysis ond management of customier needs ). Basc comiract
8 loctures principles, different types of agresment mnd contract terres typically fond i joine
venture and lop agr Diapute resolution skilke
Uit I Busineis plen prepanyion including smouteny and begad roquerererns, Busmess fesaibility
Finance and study, financiel manag issues of of cpital ard muarsgazenent of ecsts,
accounting Collaboeations & partrership, Informaticn sockoclogy
8 lectures
Unit IV Technalogy - & dwon. Managing echnology am fer,
Technology Quality comeol & srarsfer of forwign technologies, K dpe cerneny and Technel
mungcmcnl tramsfer sgencies, Urndertasdieg of regulstory compliznces and procaduses (CDSOO,
& loctures NBA, GCP, GLA, GMF).
L!!J Recommendead Textbooks and References:
1 Adams. D) & Sparow,) C.(200K). Entevpriie for LieScientsts: Developing
Inemation and Entreprenesrship in the Blasciences Bloxham: Sehea.
K Shinaiaki, CD.(2014) Socachsolagy Entreprevesrship Sortieg, Maragrog ovd
M h I Leading Sotech Coomp LA daree £lsevier A Pross isa imprien
4 of Elsevier
LY £
\ ,\' Y
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EE—— G Otyctees

Intellectual

Property
Rights,

Biosafety and
Bioethics
Credits

&

Qorttl, A, & Zucchells, A. Business Nodeng or Lifr Seience and Blatach
oy Creating Yal I Carnp Ae e itk ke M Bridge.
Routledge.

«  Jordan )P 014y Mensvation Comsercialization andStort-Upsm L ifaScimoes
Leodow CRC Press.
Desal, V.I20091 The Oyemics of Entreprencariaf Devangment and Mamagereme.
New Defbi: Hissalaya Pud. House.

Student Learning
The objectives of this course e Outcomes On completion
Te provide besic knowledge on of this course, stadents
mtellectund propenty rights and ieir shoshd be able 10!
p s bolegical Understard the rtineale for asad
product development: againg (PR and especiallypatents ;

To tecorre familiar widhhadia's Usdervtand why India has adopoed

IPR Policy; an PR Policy and be farsdiar with
To leam Sicuaety and risk assessmoomt tecad outine of posent regslaticas.
ofp d-imlfm- 4 Und 3  diffiseet  types  of
£y and of 4 Hectual property rights & gerweral

To becorme Exmiliar mnuhmlunu
is biologheal research, This cosne
will focus on consegueeces of

dical research
ndmlmduml-mm; i
modifications, DNA wstag.

and peotection of prodsets derived
from bicieclmology resesch  and
ey rebwod o epplication and
‘ o potents;

Gain krowledge of biowalety snd
sk wsessmen of productydenved
from recosbisan DNA rescanch
end  envirommestal  release  of
peectically modified orgarmrms,
ratioral e innernatiosed regelations;
Undcrsumd ettlcal aspeos reboed 10
biclogics, biome&iced, health care ond
biotechnology research,

Unit |

IntroductiontoIPR
5 lochures

Tatroduction b ilellectual propery; types of 1P mma ademarks, cougm)l &
related rights, & design, traditiorsd k

protection of pew GMOs: Inermatiosal mnuumbnhupmmtmm(l? 1P as & factor
0 R&D: P of refevance 10 boechnelogy and few cane sudics; imroduction w history of
GATT, WTO, WIPO and TRIPS; plars varicty prosection and Sarmers rights s, coscept
of *price art'; mveaticn n costext of “pekr an”; posont Satakiases - cosnery-wise petent
searches {USPTO, ERO, Indie) snelysis and report formation.

Unitht

Patenting
$ hectuses

oot

Pacics of pasests: types of patents: bdies Patert Act 1970; rocent amesdments; WIPO
Treaties; Budapest Trewy, Paest Cooperation Tresty (PCT) end imglicaticns: procedies
for mng 2 PCT application; roke ofa Country Patent Office: filing of & pnnsn epplication;
P before dach < pasest foems
and guidebnes nch-hql Base of Natlonal Bio-diversty Auherky (NBA) and cther
vqnlm bedles, fee sructire, titne franes; pes of patet -nhnmm peovkslonal
PCT and pcal petent inprnadioasl
Qi peeced; ard cows firemcial wsismsce for posenting-
0 exinting schen bl of paterns-gaoeme of ledia, states in Europe
and US; paest infringement- mesring, weope, litgation, case stadios and exusplie
commercialization of pasemed lanovations; licensng - --mqu u!:. licersing, roalty:
paseeting by research sndents and sciente | rules in Indin and
shroad. colbécentive meml ackvard asd forwand IP beu:ﬁam sharing menong

parties Y. wl nd ives

h

Qg
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Unit 1l Blosafery aod B - Ewod Riskerical boackground; introduction %o

Biosafety bisdogicsl safety cabinets prmary for b biosafery levels GRAS

& loctures organisres, biosafiery bvels of specific microorganisme:. recommended bissalety levebs
for infectious agerns and lafected animals; definiion of GMOs & LMOs; principles of
safety of e plants — il scps in risk P
of faumilerity asd cvak rak ~ mk nnd
fod and food safery problem § ook, P
of relevanl information, rk characterizaon and dewlwmm of enalysis phm; risk
assessmest of masspenlc crops v clsgenic plants or predacts derived Som RNAI, genome
editig tools.

Unt v Imemational regulations - Comagena protocel, OECD coawssm documents aad

National and Codes Alimeetaries; Infien regalations — EPA sct and rules, guidance documests,
regalatory framework ~ RCOM, GEAC, 1BSC and ofier rogofarory bodies; Draft bild

international - oty el

regulations of ¥ o Indle - - biarsachery levels et

5 bech ummmnpmwnm Bicaficty rexearch tnials — ssadoed opersing

of state gn GM babaling ~ Food Safety and Ssamdands

Astherry oihdn (FSSAN

Unt vV Introduction, ethical coaflicts In b I seiences - Witk mature,
bloethies In hlh nre petiers 1 2 coment, esth C

?m“ atificial repead: ey, pronatal di pmetic 15 gene Merngy.

trazspiantation. Bicediies in m:unh cloning ma stem cell research, Humarend
anieed experinennmion, aimal righta'welfre, Agriceliieal biolechnology - Genetizally
mgneﬂd food, envirommental rak, Huh-g-nd public opinion Sharing besefits. and

P g fature o7 of and blodiversity v
l. Ra(m-manm Texibooks and References
Gengull PA2001) intefleceval Preperty Rights: Unaashisg rh Yedipe £

New Dalsi: Toata McGrara-Hill Pub,
& Netlanafl IPR Policy, Departassent of Indurial Policy & Promoticn, Ministry of
Commerce, Gol
1 Complete Referesce 1o Mtellactya) Praperty Riphts Lows. (2007)
Srow White Publication Oct.
4 Kalne, H, (2010). fipethion: pe Anthalngy, Malden, MA: Blackwell
5 Office of the Controller General of Patents, Design & Tradanaks: Departnser of
Industrad Policy & Pr  Mimistry of C & ladustry: G "
of lndin. Atpc\ www: Ipindia nic In'
4 Kaven F, Geeifand Joa F Merz, Currest Controversss iy the Bindogical Sciences
~Case Stdies of Poloy Chollecges froce Mew Tecknolagles, MIT Preis
World Trade Oeganbistios. MIp.Vwww wio ong
World Imellecteal Property Ovpanisomion hmpowe v wipo it
9 Iersaticosd Lion fir the Protection of New Vaneties ofPlasts. St www, spovaas
U Natiomal Porml of Indla. hegpeVwww archive. India gov.in
Naticnal BioSiversity Authonity, bap - Vwww abaindin org
Rex DINA Safety Guidelises, 1990 Dep of Binecknology, Misi wiry
of Seierce and Tochrokugy, Gowt, of kadis. Retrieved from harp:weww emvfor.nic.in'
divisions'csurv'gescanaex- 5. paf
Wolt, ). D, Keese, P Raybould, A, Fitzpetrick. ). W, BunmLM Gy, A, We,
F (2009}, Prob Exvirg X foally
MNodfied Flants. TraragenicRewsech, 193), 425436, doc: 1001007 116009932 19
Craig, W_Tepler, M Degrass, G, & Ripandelll D (2008). Ao Orerview of Geoeral
A '_,t Featares of Risk Assessments of Genetivally Modifed Crops. Eupliytica,
o 1641, BSS-E30. doi:10.1007/510581-007-0643-3
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B Guidelizes for Ssfety Assessment of Feods Derived from Gesetically Esgineerad
Plats. 2008,

¥ Guidelnes md Standard Operiging Procecknes for Confined Field Triglsof
Regslated Genetically Engincered Pants. 2008, Retricved Som
higpciwonw igmocs.sic. in'guidelines] asp

T Alomso, G, M. (201 3). Safety Anrmene of Kood and Foad Derived from GM
Crops: Usteg PredlewFor £ “Firfor Parpose RiskAssessaonts
Rewteved foes Mipc Siosyey ope oegiabossepohl fectionteicnaleny

I Course Objectwes Studént Lesming Outcomes

The parpase of this coune & 10 help stu- Staderts should be wsle 4o damonstrate

Pl'Oj ect dents onpasize ideas, material and ohjec- e fllowing abibties:
tives for thelr dissenation asd o begin de- Fermduge a scientific question;
PI‘OPOSal velopmest of communication shills ad 1o Preseat sciontific sppeoach 1o solve
H prepare the sidents % present Seir togic the problem;
Preparahorl& of research and explain it importaace 10 Interpect, discusy and cormmunicne
Presentation e siiow classmates asd techiers. sclereific resalts i writse foem;
Crecits Owin exparience I writiog 2acicntific
- peopesal;
u Leam how 10 presest and explain
Seir mesoch fadings o the
wadieace effoctively.
Sytlakus Selection of research 1ab and research topic: Stederty hould first sebect a Jeb wherein
Project Proposal they woeld like ¥ pursos their dissenation. The suserviver or sarioe researchers shodd

Preparation be sl 1o belp the studests 00 e pepess in e arwss of (terest of fe Lab ind help dem
S0t & tnpéc (i Geir pregusct. Tha topée of the resaich dhinld be hypathesis drivee.
Review of liserature: Sindeers sheuld exgage in ysiemanic and critical review of

P wnd relevant sodroes and sppeopristely apply qealitative sndvor

quEntiative evalestios proceses % original &aa; keeping i mind othlosl wndends of
comdsct in the collection and evalsation of dsta and other sesources
Writing Research Proposal With the help of the senior ressarchees. studests shoubd by
abie w discens the research questions, gk, approach logy. data collection, atc
Ssudeats should be ahle 0 cosstruct » logical outline for the peeject including ama hysis
steps and expected oucoemes asd prepare a complete roposal in scientific proposal

foomat for dissertation
Syllstus Stedeons will ave 1o present the toplc of thele peoject prepesal after fow mosths of theis
PosterPresentation seboction of e sepic. They should be sble 0 explais 2 covelty md irepormnce of thek
Tesearch topic.
Sytabus Az the ead of their project. presentation will lave 1o be gives by the sudents 10 oplain
Oral Presentation work doae by heem in detil Along with summariziag their findings they shoald alse

be able o disouss the futere expectad eurcemne of ther work.

I LR
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— Course Objectives Student Leaming Outcomes
The obj of this Y comrve shoald be able foc
Laboratory Vl: are 0 provide Rands-on (ralsing te I { design and ']

. di » up wad 1) , amhze and imerpeet
Blo rocess anit operatans date, and apply the haboratoey skills
Englneering & ©  sohve  comphes  biopeocess

caginsermg probloms;
Technology Appty shills and knowledpe gained will

Be unchisl in solving probleres typacal of
Creaits i industries and reseaech,
S}nlhbus Bavic Marcbiclogy wciniques

Qb L

a)
]

Scake up froe frozes visd 50 ager phise (0 shaiie Mask culluee,
Insr H plate readhr, 55 7 ' o
Ivslation of micsoargasisss from soil sampie.

Exgerimental set-up

)

2)
<

a

Assermbly of bioreactor mod sentization,
Grow kinescs. '

s peoduct indibi
Meassrement of reshiual substrones.

[ata Analysis

3l letroduction W Membolic Flus Asalyss (MFA)L
Fermentation
3 Bauch
b Ped-bakch
@ Contisuous
Uit operations
4l of calls fr h
b) P Vanious graphic sochni
§  Bicomalytics
a)  Aselyscal wclinigees like HPLC, FPLC, GC. GO-MS erc. tor measurement
of amoums of prodects/sebetraes.
ot T, s and Reft

Shuler, ML, & Karg, F{2002) Soprocess Eqglererio) Besic Conceper. Upper
Saddle Raver, NJ: Proatice Hall

Stanbory, P& Whitsker, A (2010) Frasciplesaf Fermentatioe Techaolygy
Oxfoed Pergasion Press.

Blanch, H. W, & Clark, DLS. (1957). Blochecaicnl Engheening. New York

M. Dekkar,

4 Badey,) B &01is,D.F.(1986) Bochemical Englanering Fandamentols New Y ark:
MeGraw-Hill

El-Marni, M. & Beyee, C. FA2007). Sermestation Mcredialagy and Siocechsalogy.
Boca Raorc CRC Tayher & Francis

4
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I o Ctyives

Laboratory
VII:Bioinfor-
matics

Credts

A

The aim of fhis course is © provide
peactical traning In blolnfoematic
methods ncluding accessing major public
saquence dilabases, use of Sfferent

Studant Lesming Quicomes

On completion of this cosrse,

studeres shonld be abie 1o
Dscride costents and properties of
most wmpormant blolnformatics

Sataty

putational wolks 1o find seg
analysis of protein and suckeic acid
woquescex by variom software packiges.

Perfoem jests nd sequence-besesl
searches sl malyoe and decoss
resuks o Hight of melecule biclogical
knowladpe;

Expiain miajor steps in pairwie and
mukiple soqueace alignmene. expalain
genciple and execuo parwise
sequence alignsent by dyramic
programmmg.

Prediet secondery and tenlary
strocteres of prolein sequences

Syllabus

Using NCBI and Unigron web rescurces,

-

TrEMBL, UniPret.

- N

8 Using RNA strucaure peedictios 10ols

Ireredwction and use of virkous pescme duadeses.
Sequesce information nesoarce; Using NCBL EMBL, Gerbark, Ereres, Swisprets

Simikwity seorches wsiag 100ls like BLAST asd iterpeetation of results
Multiple soquence slignment usisg ClistalW.

Phiylogenetic analysis of protein and sucleotidesaque nces.

Use of gene prediction memods (GRAIL, Geescan, Glirmmer)

8 Use of variom primer devigning and resriction shie prodicticniooke
10 Useof different prodein ructure prediction databeses (PDB. SCOP, CATH),
11 Corsstruction and stialy of prodeis strectures wsing Doepview Py Mol

Homelogy modelting of preteins.

proseia structies.
M Use of miRNA peodiction, desk

3 Use ofsools for mutation and analysis of the enengy minimization of

g and target prod

Semester Four
[ g

Dissertation
Crecits

2 [Sevsester (11 § Credics;
Sewoter IV, 33 Gwivr)

ik
bt

Course Objectives

The objectives of this cosrse are o
peepure the siudents 10 adapt 10 the
research enviscmmen and wdentaend
bow projects are executed in arescarch

Stucdent Learning Outcomes

Stadests houkd be able 10 ko how 2
sedect and defend & tpse of their resgarch,
how to effectively pln, execuee, evadune
ad dicuss their experiments. Stedeals

S Irwilal bl w should be adie 10 descavionie conedarshle
beam ] aspects of b and P n the following arexs
traln stedents Inthe am of analysis and ba-depeh knowledge of dhe chosen
thesis writing. seca of research

md

todd

Capebility w0 critically

) yisleye dge
o Mentily isoss et sust be
addressed within framewoed of
specific thenis

Compeicsce in rewsech devign
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and plaraing
Capabelity 1o oreate, anlyse and

k

sobsthons

Ability 1o conductreseench
Indeperdently

Abilry 4o perform enalyticel
tedutiqueniespenmentsl mothods
Project managementshills,
Repont wntingskills

Probéem solvirgskills
Comanmication asd inerpersonsd

Kills
Syliabus (kssed on the peoject propasal stbmitiad in earlier samestr, studeats skosld e sble 10
P & plan, and engage in, an dent nad sastaised critical ivewsgation and evabiate o
perfo‘mmg chosen reseanch Sopic relevant 0 bolopical sclences and sockesy. They should Be able 1o
experiments systematically idestify seleviat @eury snd comonpts, rokeie fiese 10 approprione ned od-
ologies and evidence, apply appeop Gques and drew spprop
Senier resmechors shosld be obie 0 wain the studeers sach that they can woek inde-
pessd fad sre wble b0 the alm of each experiment performed by Sem
They should also e abde 1o usdersied the poasiblie oalcomen of each experiment
Syllatus At the end of their project, iesis has 10 be wrines giving all the details wuch & qimn,
Thesis miling methodology, results, dscusion asd fatues work refad 1o ther project. Students may
sim to get thelr research fndings publisted in & peer-reyicued juumal, I the rescarch
findings have spplicatios-onemed cutomes. the studerts may file pasene application
Recommended
Electives
R Course QUpcives Swdent Learning Cutoomes
Theobjectivesofibs proval On completion of this course, shedents
Biological complete overview of staeof-an Bvecedl  shallbeadl etopainaccenpleteaverviewol
. irmaging tockniques ining microscopes supec-resolation fleld from fendamenials
l maglng correnly avalahle # Hooratare Live- o sane-0f-art methods mvdapplicgion
cell magmg tech allow veal.d i o thcal sescarch. The duderes saall
c:““ exsminatine of simost every aspect of Joam the comparative advastages and
2 cellaler Sarntion usder sormad and dissdvartages of each technigee, covers
u experimental conditions. With Yeve.cell all key tz¢claigues o field of bicmedical
magmg experiments, main challenges science. The ssadents shall fiso leam borw
e & koo cells dive ind heaaliy over & 10 use new Wols 1o nereese resslugion is
petiod of time. The growing aumnber of wib-rurometer-scale mages of iving cells
lve-cell Imagisg techniques means oae 0 thsue, which leads 10 new nfoenstion
cn obtain greater amosots ofisformstion  about melecules. patiways and dynamics
withoue streasing osteully and spe-of-thean examples of
applications usinpricroecopes.
Unit | O of the most basis sechniques for lve-cell imaging ks widelield fuceescent
Widefield flu t ‘ gy Stazabard invertad research grade sticrascopes con vield valsable resubs I
microscopy itgadt Ik ) k e yarverythiz
3 kctures L. st ) Jaidefield aCC Daneraissaallyusct
J v
S o A
AN NP N
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capre imtages and the ephfluormcmee illusinaion seurce can e 3 mercuey eoip,
aenea lag, LED's, et Fach of Byt sources requine arvfdly ralched imerference
fibyers for specific od b elengtle of your Meorog of inmderest.
Wi { L your ip Is aly expeacd %o cxcitation lght e
refatrvely shoet line pu»ds o Me ﬁﬁ apersare of embsion Sght is collecred by the
wojecti Widelleld M Py cen be imed 0 combination witk other
COmmon conmras techmigees suck 2s shase contragt and differeatial Blerference contracy
(DIC) mixrescopy. This combiration is sseful when performing live-cell imsgeeg 0
cxamine geseral il morphology or viability while also mmagmy regioas of imerest
within cells

Itk

Unt il

Confocal laser
SCanning Microscopy
(CLS

3 kectures

CLSM has ability %o elimieate eut-of foces light sad infornaticn. It & ako possibie 1o
cbtain optical serial sections from thicker specitness. A congugue pishole in cptical peth
of confecsl mkeoscope poeveres Nosrescence from oatshde of focal plase flom being
colecned by photoandtiplics deweter o (maged by exmers. In CLSM 4 shigho pirfoke
(and single focused laser ot Is scmned Jcrues specanen by scannieg system This spot
frrs & reflected eph-Nsorescence anage back on orkginal pirhote. When specinen b in
foees, foorescent fght from it passes theough pindok to detector. Asy oet-of-facus light
is defocused & pinholie and very little of this sigaal passes throsgh to detectos mesting
(hee bockground fuccesomce i gready reduced. The kol acts i o sparial Siter for
embssion light from the spesineen.

Unt 11l

T et sessy i

Noe' whichi !

i il

Spinning di

PNy focsl
microscopy(SDCM)
2 jechures

. Each
Huminwed pihole oo &se is Imeged by ope otjective 10 a diff ia
et on sege of inerest on 5 The emnission from M poics Back
Gough Niphow disc phm-dmhmmmmmm 2 OCD camera. The
effiecs of spinalng diss is thad sy U s of poknis on »p we b
Murvnated Using SDCMueum-u spmn— s that el time »mspru

el

 20drzime:

Lo b
feariki I " 1

e

Unit v
Light-sheet
ﬂuomscencc

(l.SFM or gglM)
2 lectums

Thi TEmagng

dimsersioss. One Is able oo rack cedl movement over exterded perinds of time and Follow
development of ongam @d tisues on 3 celluber level. The oest evolition of light-abeet
Bucrescence microscepy, termed Stice Sablahees microscopy as devalopad iy B
Betalg (Nobel Price Lasreine 2004 for PALM siperresolution miceoscopy] will even
ol lve-cell imeagire with super-resotved (m whae oclleler localization capabristies

UntV Super lugios is 2 pe From Fast Floocesomer lmagiag 10
resolved Mafecslar Diffision Lews Live Cells; Phowswitching Fleorophores in Sepers
fluorescence Resalati oy lesage Analysis for Singhe-Melecul: Localization
microscopy Mi L Intion of N i Images; Seper-Resclution Fluorescence
8 bechras of the N le On in cells; Comekagive Live-Cell ind Super-
Resolation Mireacopy asd Its Blological App [ SAX ® y wad lis
Application %o [maging of 3D-Celtured Cells, Quantitetive Super-Resoluine Microscopy
for Comcer Biclogy md Medicine.
Unit V1 & 1y € N gry: AFM Supes-Resohuth
Re-scan confocal (STEDVSTORM) ; Sochemtic Oﬂd(d Fhctumion hugub
microscopy 3 4
4lectures & 4{ o AL X A ,{\"p
A N . Y
&S LA
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Computational
Biology

Credits

dod Textbooks and Ref

Rapupepad Vadhvienbal, Digvir S Jayss, (20151 Bo-fevaging: Principler. Tecknigars
and Agplications. ISBN 9731866593671 «CATAK20613

I Alberto Diopro, Moes A M. ) vas Zandvoont, (20161 Super-Remlition [maging v
Blosedicios. ISBN 9781482244342 LCATY K23433

Yjes Douglas, Rosy, Jorgen (Eds ) (2012), CaV fmagig Techoipyes Mathoa's angd
Pretecols. ISBN 978- 1627050564,

Y Course Onectves Student Leaming Oucames
The cbijective of this cosse is W provide On corpletion of this couns, the
smdents with theary and practical stadents are expected 1
experance of cosntad to aid (0 pesnsic, Develop ae mdargandng of the
Proteomic end metabiolonics courses and Dasic theory of these compatational
drug design program toals;
Dwvelop requined daeabase axtraction,

L

Ll

Inesgraion, coding R computaticnal
to0ls ond methods necessary for

Al Omics;

Create hypothesis for investizating

with or develop oppropriste 1ooks
Critically amalyze and isterpretrasults
of their soady with respect 10 wholle

Syswems
Unt| Compaters (n hislogy ind madiciee. Ovaview of bioligies] dusdases ekl soid &
Introduction to prosein databases, primary, secondary, f ficati oz
compu uhonalbmlo dmhul soquna formats & storage. Accens datsbores, Extract and create sub
bi&l(l and b|o|o 4 i of exivting e
databases
4 Inctures
Usitn Local alignmere, Globul slignment, Scorisg mutrices - PAM, BLOSUM, Gaps asd
Pairwise and pasalties, Dot phos. Dynamic Nead) il Wunsch
mul!lple sequence Algorithe, Sith and Waterman Algoeithm, Niddes  Markov Madal: Viewebi Algorithen,
ahgnments Hewistic sppeoach:; BLAST, FASTA. Buldisg Profiles, Profile based functional
identification.
Unk ol Polymoephilsms 1n DNA d tn Newt G
Genome analysis ectnologies, Whole Genoms Assenbly md mn.-.« Soquescing m.ry,- of nm
6 hechures genones, Gene diction, P
fumctional gene setworks, Human gesome project, Genomics and orop mwmul
Sauihy mvailable GWAS, ENCODE, HUGO peojects, estrast and buld ssh databases;
Viaulizaticn ool mclodicg Astersis aed Vists Sor peeome cospurison, Functional
Eneenics case studies.
Unt v Retricving and drawiag M boculie viewing Swruciwe
Structure and Stractire Arafysis of liganéprowin
visualization imersctions: Tools such s Pydol oc VMD.
3 lectures
At S o XN P
L W N\
Sl N\ Y\ A\"\

[
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Unie V
Molecular modelling
8 keciures

Significance md need, force field methods, energy. bersd and exposed residoes; side
chasins mnd nzightoars; fixed regions hydregen boods; mapping properties oo aurfaces
RMS fit of cosformers and prosein chais, ing secondary q
alignmen: methods, evakiation, sconng: proseim cuntion: backbone consraction and
de chale addisios; differeet types of proteis duin modelling: sb intio, heersology,
bybrid, Joop; Templaye recognition end sligaments; Modelling panmeters  and
conidersioes; Model amlyvis and vadidation; Model

manipuleions, amealisg, proosin foldisg asd model gemengios, kop geersting
methads. foop amahysis Analysis of active sioes using differcnt medhods b stdying
protein-peotcin inleraction

Untwi
Structure-based
drug development
6 mcures

docking: Typesand princples, Semi-flexible docking, Flexble dockng: Ligand
nd protein preparsion, Macromolecele and ligasd optimization, Ligsd cosfonmations,
Clustering, Amalysis of dockiag resubs and validstion with keows formesios. Extro.
preciion docking platfi U of Sraall le bhrckes, Natiral compeond likearies
Sor vimual high twoughput screenings.

Unit Wt
and-based dru
cliiesnlopment ’

€ lectures

—
Drug
Discovery and
Development
Crodits

&

Quantitative srscture sctivity soebips; Introdaction o chemical descriptors like
20, 30 and Groupbesed, Rofer plots and conibution ploss and Activity predictions,
Pharmacephore modelisg. Pharmacophoredased screenings of compound Nbemry,
smlyvis snd egpermental validation,

Recommaended Textbocks and References:

1 Mosre, D.W.(2001) Sisfnformatics. Sequence and Gesaroe Asalpss. Cold Spring
Hewbor, NY: Cold Speing Harbor Laborastory Pres

1 Boume, P E. &Gu ) (2009) Structars) Bioinforsator. Hoboken,
NJ- Wiy Liss
Lesk, AMA2004) MrrosuctionsoProssfnSolenceArchiteccure, Fancniogand
Genomics, Onford: Oncfoed University Press,

4 Campbell, M& Heyer, L. ] {2006}, Dscowwring Gevamicr, Srodenmicsand
Blainrmaties, Peurseo Edscation.

5 Opeea, TL2005). Chervolsformotics i Drug Discovery, Volume 23
Wiley Online Ly

6 Cawciger, ). & Faged, T.(2003), Chamain@rmatics: o Textbosk, Wiley Onlise Lilarary

Course Objecives Siudent Laaming Ouomes

This course will give a beoad overview of On completion of this course, students

roseaech md developmere carmied out in showld e ahle to anderstand Basics of

industrial setup sowands drugdiscovery. RED in drug Sscovery wsd shoeld be able
10 apply knowledge gained (n respactive
flelds of phannaceotical industry

Unid

T. identification
and molecular
modelling

7 chures

ot 3"»-"8:.

Ideatificanion of sages or drug leads associated with o particular Ssease by & rusibey

of different techn of molecular modell tal
lisraries md high-fhrougbpst g INTSK C g the on of the
HTS process snd the imp of Bion /i i and S irg m et

of leed compounds; Rational drug Sesign, based oa enderstandng the theeedimersional

B
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and physicochemical of drugs and recepiors. Modeling drug’
recepiee @ ims with ¢ errphbais on melecul: lecudor dy
g w0d » dogy nedeling Cosft hoeal i decuk
folding. structural ho-ﬂwnmmwmwumummunmmm
wiethods, in sdico g of Bhraries, sempincal and ab-mite mehods, QSAR
methods, nnhc& ‘Vcﬂy design of combisstorial libeasies of drag-like moleculies,
and chismical b

Unt il Mentification of relevast grovps o @ molecule thal et with 2 receptor snd are
Lead wuam le for biokgical activity; Uad ding structsre activity relatioaship
5 lectures Stucter modificetion 10 incredie potency and lh:npuk isden; Coscept of
qeantitstive dreg design using Iy models
(QSAR models) based o lhe hu Mt the biclogical pmvuh:- of 4 compoend we 3
funczion of s phy h s such as solebibey, lipophiilicky,
effecty, ionization, v-nn;iﬂmm) ot Dicomalysical pasay development in sspport of
it Were dad in wivo studies (LOMSMS, GOMS and ELISA)L

Unit i Principles of dry abiorpSos, dngy mesdolam and dedrb - il absorption,

Preclinical metabolc stabillty, drugdneg Interactions, plesma protein bnding tudys. mesdole
devtlopment peofife studies, Principles of soxicelogy, Experimersal design for preciinical end ¢lindcad
§ Wchures PRPIVTK studies, Selection of anirmal medel; Regalsiory puidetnes for preslinical PR/
POVTK studies; Scope of GLP, SOP for conduet of elisiced & non clincal lessing, coneol
o0 animal house, report prep and & of linkal and
proclinical e 1o wd design ofclnical sudien.
Ut IV Q) of GMP Dy ot of GMP oy, CoAl
D Regulatoey centification of GMP, Quality control and Quality msurasce, Lonsepe
m;uﬁmﬁns wd philosophy of TOM, KCH and 150 S000; 5CH galdelings for Masufsctorisg.
4 loctures Underszndinng Imparity Qualification Duta, Stabelity Studien
Unit vV Otyjectives of Phase L 11, 1T and IV clinkal sosdies, Clisiced study design, envolimes,
Clinical trial vises and documentation, Clmal sifety sadios Advarse everss md adharse drg
dﬂip\ reactions, Chnical P, g 1wy, drug-drug i ion dudies, ical salywis
4 kectures and docunestutios.
Unkvi Global Regalatory Affairs asd different steps isvelved, Regulisory Objectives, Regal,
Fundamentals of Ageocies; FDA geidelines ca IND and NDA ssbmissions, Studies required for IND mnd
i NDA ssbmissions for cocology. HIV, cordlovascular Indications, Onslabel v offlabed
and biocthics drug we OCP and Respi Wf GCP Complimce, Fibic) isues and Compliance
4 lectures 00 curvent edhical guidelines, Ebicel Coamninees aud their set op, Aninal Ethical iues
ad compliance.
Reoo«mod Testhooks and Referances
! appsard-Larsen etul Tectbooknf/Drug Dasign snd Discovery. 4 Edition
CRC Press,

Kubse, K (2010), Soarhics an Anthadogy. Maldon. MA: Blackwell
Nally, J, D {2008) GMP for Pharmocrutivals. 8% edition. CRC Press

4 Brody, T (2016} Chnical Trink: Study Deslgn, End) T hers, Dy
Safety, and FDA aed ICH Guidelises. AMnkPrcu

Y ,\,:‘):
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R o Onedies Student Learning Quicomes
" This course alms % lsroduce O compietion of course, stadenty
Environmental foamesi of fovicanens) will be able to indersond use ofbasks
. Blotschoology. The course will intred icrobilogical, melecular and malytical
BlOteChHOIOgy major groups of microsrganisms methods, which are eslenavely sed in
waks in bictechaology sw=d their most enviecamental bosechmology
Cradis . 2
s ™ atk
o environmencal appdicaticas of
u Bicoechnology will be presenied in detail
cend will be supporned by essmples from
the aatmorad and intermational Beratere
Unt | % env 3 and its conmed; pollution ledicaiors; wase
Introduction to mansgement: domestic, industrinl. solid and hazardous wastes; strain Anprovemnest;
environment Biodiveraky asd s comervation; Rolke of microongasisma is peochestical cycles;
§ loctures gy ol L growih kinetics asd clonsniry chomestal
theory, relevant . cokgy.
Unit Il Blocemediation: Fandamenmals, mediods asd seaiegics of applcation (Siostinulesos,
Bioremediation bicsugr )~ wwmples, bi of metals (Cr, As, Se, H), radionaclides
8 lectures (4, Te), ongasic polhatarts (PAHS PCHs, Paalicides, TNT otc.), techzological aspects of
bioremediotion (/n sit, ex ).
Unit i

Role of microorgan-
isms in bioremediation
6 hchures

unew
Biotechnology

and agriculture
11 lectures

Application of lacteria and fungi in bioremeSation: White 1ot fangi »s specialized

dograding bacterka: wses nd Bages Vs ages: Phy
Pendamentals and descripsion of major methods of applcasion (phyicacosmu bation,
pliytovolatiision, thissGitrasion phyowsisilization ).

Baoi icides Bocilluy thuriegienssy, Raculovi L ek, penstic modifications
and aspects of safety in thelr ase; Blofungicides: Description of inade of actions and
mechanisms (eg Trickoderme, Freaslamonss fuarercensc Blofertil zers: Symbiotic
systemy betwesn plants - pai i fining syrebiosis. mycoerbiza fumgi
biicaia), Plart grows g hizobecteria (POPR) — wes, practical aspects snd

problems (n application N

Unt vV

Biofuels
11 lectures

Eavircnmental Botechnology and biofioebs biogas; boethancd: biodiesck bictydrogen:
Deseription of the indusrial p volved, mi e and Mowcsmloghoal
Imarveations for i of b wly enh d oll recovery
(MEOR): Sioleaching of metal; Production of ioplatics; Producticn of b
bicermalsifiers; Paper predaction: we of xylanaees and witite st fingi

R ded T ke And Rak
G. M. Evansand ). C.Fuehog(2003), Enviraneeesta’Botechnology. Theary
and Applications, Wiley Publishers.
B.Ritmansand P.L. MoCarty {20000, Eswroamestal Rotackaoboge Mriocipls &
Agplicanions 2% EL, MoGeaw Hll Sticsce

J Scragg AL (2005) Enpvroemendst thecechoology. Pearson Education Lanied

4 1S Devitny, M. A Deashiusses and T.S. Webster, {15981, Soforotan rAlr
Polution Controf, CRC Press.

4 H.).Rehimend G. Read, (2001 ), Biatachrolagy - AMulr-volvme Comprehensive
Trativr, Vol 11, 2¥Ed, VOH Pehlhersine

> ‘r"/
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£ HS.Pavy D.R.R 4G, Tehabuenogloun .20 1 33, By | Engineeriag,
MeGrow-Hill lns
I Course Obeciwes Shadent Learning Outcomes
The chjectives of this course are 1o On cosphesion of this courss, sdemts
. .
Mlcroblal istrodace stedents 60 deveh would Ocvelop docper usderstndng,
advances made o feld of micrebial of the microbenl techmology and its
TeChn()logy technology for use in humas welfre mad  applications
Cisite solving peoblerss of the socisy,
]
B
Unit| Microbial tecknoiogy in humas welfiee; Bolation wed seroening of microbes imponant
Introduction to Ser indurry - ad in and its appl Advasced genuree and
microbial technology  epizencn: esiting sooks (e, enginsered ¢ finger proseins, TALESTALENS, i@
Slectures the CRISPRACas9 sysieon s auchaties e gencens oditing, ramcription fetors foe
epigensme editing, snd oder Wols) foe v? of uselul miczobes'
swnlns and their spplicatons; Strain istpeoverment % increase yield of sefected molexcules,
., dnidooks, eerymes, bicfsels
Unk it E of micrebes; Ore lesching; Bi d « biormass recycle
Environmental and remova Blaremediion - i waste renoval s il sermadistion; Olobal
agplications of hemical cycles; Envin sensing (sensor cogieisss Biological weuonx
microbial lumun-d and hhmml g-dmm uumu e of genethcally modified argasisns is
§ lectures food and p
Undt I8 hi pm:‘u—l,‘ s prod; In commos
Pharmaceutical b and Bsees ‘ al aed ehical); Attributes
appllcahons of requived in mdusrial microbes (Streptompces sp., Yeast) o be wied o cfficient cloring
mmbnlt«hnology end expecision hosts (hologicals prod x G @versity and ntrofuczios of
8 lectures deiirable peopertics i nduerially imp icrob mrmmmnfmux Micrial
cell factories; Iy ing approaches wed o isdestrisl p process
{Strepromyces ., Ynm
Unk IV ication of ricrobes snd microbiad p i food end bk « food
Food lications of  processing and food preservation, andictics and 4 icrobes in
mjmmmmw crgeted delivery application — drags and veocines (bocterial and vird vecoorsk Neo-
7 lectunes yb wiys of mtroducing desrable peopertion i Genenally o s afe
(GRAS) microbes 1o be eoed in ood (eg. Yiut) - npbcmvdn nmunmnl diversity
or the arvificlally istroduced diversity theough b
(mrtageness, procoplast Ssshon. breading, geaome shefMisg, divccted m)hmn )
Unit vV ics for di y of aovel enxy dragy’ ambi Limits
Advances in microbial  of microbial penoembes with respect 8o es¢ it human wellsre: Metigencmcs and
m[mo]m v ~thekr L, methods 00 soedy and applicanion e (sknal
B chres ml plaent huhk environmental cha-up, uow mm(m orcies & glodel susaimabelity,
& evol ) Glebul 7 = $erveys peogecss and
U, Bboary od ] ing ie witable hoss —
sook and sechniques for dacovery’s f of novel dogs
(£, pectedse, astibatic) efc
K Qe On A
Y g RN W}A\“\
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Recammanded Taxtbooks and Relerences:

1 Lee, YK (2013). Microbisy Bstechsalogy: Princisler anddpplicatieons.
Hachensack, NI WeddScientific
Moo Yourg, M. 1201 1). Comprenensve Blacechoo logy. Amsterdam: Elsevier,
Nebkoa, K E (2019) Encyclopeda of Metagmomics, Gemes. Genomes and
Netageaoroes: Beiics, Metbods, Darabaies and Teok. Bosien, MA: Speings US.

4 The New Science of Metspenomics Revasiing the Secrads af Ow Micratvin! Manet
(2007). Winkerngion, D.C.: Natioeal Acadenics
Jorsmals: (o) Natare, (%) Nawure Blotechmolegy, (¢} Applind microbiology and
bowchoslogy, {d) Tomds in Deotechnology. (¢} Trends in Microbiology,
{0) Cuerent opinicn in Microbiology, (2) Bistechmology Advances,
{h) Gerome Rescorch)

£ Websitex httpcjgi.doe govlour-science)

I Course Obpecives Shasent Lawning Outoones
The aise of deis course Is 10 moduce On comphetion of this cowrse, stadents
Protein methods and sirategles commonty ussd I should be atle 1o :
. . [eoten exgmecrng Antlyse sructine and condraction of
Englneemlg prosebes by compater-tesed methods;
Describe srwcture and ¢ bemification
Cf“ ol peoieins;
2 Analyse purity end sability of proseins
u and explain bow 10 siere them in
best way;

Explain how prode ns oo te usedfor
different industrial and academic

parposes 9ich e sractuee
deteninalion, ongatic gyrthess and
dng design.
Unt| Protein ergineering - definiion, applicationk Feslures or chanteritics of peattins
Introduction to a1 can be cagiseered (definition and methods of study) - effisity end specificity.
rmein engineering Spectrascopic sroperthes. Stabdlity 1o charges @ parnsieters 2 g, semperatare snd
lecures anioo acld P ate. Protin enginoering with ematural
aming acids and s spplications
Unt il Mettods of measanng ssability of a prodein; Spectroscopic methoch 1o essdy
submty of pmm physicochemical properties of proteins: far-UV and seae-UV CD. Fluoreseence, UV
structure sbeccky OREx, Hydrody i g iscesiny, Mydreges.deuterham exchange;
5 lactures Beelk 0 10 NMR Py - emghasis o0 ther cen be
measwredobained from NMR and thelr imterpresaton.
Unit 1 Forces subillzing prowins — Van der wanls, electrostetic, hydnugen bonding ssd weskly
Applications pole slersction, hydrophobic effeets; Entropy - eathalpy compensaion; Experimental
5 lnctures nethods of proveia eegiscering dicecied evolumion like gene site Symaration mussgeness;
Module shufMling; Galded protein b etc., Op and high theough

g methodoh Bhe Gigah High theoughput micraplate sereens .,
Applicason 1o devices wigh bacteriorhodepian @i in cxample; Engincerisg smidody
wflinity by peast surfice display: Applications 10 vaoeines. Peptidoodmesics and s ese in
drug Siscovery.

iy A
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Unitiv Compuarnnal appeosches 10 proscin cagiverring sequence and 10 gractire
Computalioml srabysis. Data minmg. Ramachasdran map, Mechasisre of sudbilization of proteise
aeproaches from pychrophiles and thermophiiles wy-0-ws those (fom mesopliles; Proteiadesigs,
5 Directed evolation fie proseia eegiseering snd ity potetial
Unev Cuie Stuadiea
Case studies
1 lecure
Rec wad Tk w0 Rl
' EdheddyTECreighton,(1937), Protein Stroctare o Praviical Approach,
2 Edition, Oxfoed miversty press
2 Clelndind Coaik (2006), Proteio Engireering Frinciples andPractice, Vol T,
Springer Netherkands,
Musller and Amndh. Frotein Engineering Protocols, | * Edition, Hunan Peess
Ed RobertsonDE Noel JP(2004), FraceinEngineering Metkodr o fnzrmalagy,
J3R, Elsevier Acadermic Press
1 Ky (2006}, Servctare v Probimn Chemnistry, 7™ Ednion, Gorland pabiishers.
I Coutse Obectves Studant Leaming Outcomms
The course aims o providing a geoemaland  On succesful completion of 1his course,
N ano- beead introducticn to mslti-displinary smadonts shoubd be ebie 0 describes basic
. field of senctecheology. It will Geniliarize  scmece bebind the rties of reatecksls
blotechnology sfents with th o:r:m ofthe ot namorrre ..Q:T..‘ principies
Credis P e of tehind advimced expesimental nd
ind micromechasics with $ie botiom- compumrional technigees foe stodywing
up appeoech of chamlsiryhiochemistey: o

B

a development thae (s creating new and
exciting erwa-disciplinary noaesrch ficlds
endtechinologles. The course will abio give
wn nsight imo complete sysiens where
remosecknalogy cm be imed o improve

our everyday life.
Unt| Intreduction 1o Nanobeotecknol Coscepts. historial perspective: DNfSerent
Introduction to foesats of ssncermlerials snd applications with example for spocific cmes; Celllar
nanobioluhnology Noacsrectures; Nanopores; Blomolecule motoes, Bio-imipired Nasosrectises,
5 lectures Synthesis and characienzation of different remomaterink.
Ut i Tain filus; Colleidal i Self Assemitly, N icher; Narosg heres.
Nano - films Nanocagssles ard thelr charscwriseon
5 hectures
Uni i Nanoparticles for drsg delivery, i of » o
Nano - pmides witahilty of sdminitrusion theough vaniows moutes of delivery, advartages. sraegies o
6 lecteres celluer ingereadization sd ey ciroslat Sor erlarend | through
various anmomical barvkes
Une IV Naropertiles for di and isugiag (% iesx concepts af sercart stirreali
Applicati respomive naropartiche, mips i cancer Berapy. nandevices for bicszeser
ofnano-particles devehpeere
5 lectures
- A X &
= s L P,
di',{\tq Q “,."‘/ t\\! J ‘/0\\1'
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Untv A b for catalysis, develop and characterinmion of nnoliccatalyty,
Nano-materials plicigion of ia aythesis, applh of b ysis is 1he

5 lectures. Productieo of drags and drug intermedings

Unit Vi Inroducticn 1o Safety of Basics of v, Models and asaays for
Nano - toxicity N Faoe of in diffevest weatas of eoviroament;
& lectures

Ecotoicty models and asiays; Life Cycle Assessment. comtamment

Recommended Textbooks and Relerences:
GeroDecher, Arsoph 8 Schlenod® 2003 MukMoper Thin Sves: Segamnbist Asreredly
of thanecompasite Materials, Wikey-VCH Verkie GrbH & Co. KGaA

4 DavidS Goodsell, (2004); Blsnsnotschoofogy. Lesiom from Netwre, Wiley-Liss

3 Neelos H. Malech (200%), Homedical Nanatachroligy, CRC Pres

4 Grog T.Henturmon, (201 3); Boconjugots Techmigoes, (3rd Editicnk Ehavier

5 Recent review papers is the area of Nanomedicine

_ Cowss Objectives Student Learning Outcomes

This course will provide sradests with Bytheendofthis course, students
Vaccines 0 overview of cueve developeneats shasld bo abde1o:

differest arexs of vactines Undersaynd fandamestal concepes
Crodits O busan smreure sysiem and Sesic
- Innenciogy
& =

respuraes 1 relation W infection
and vaccination,

Undersand requissment md des galng
of different types ofvactines
Understand impormnce of
conventional wmd new emenglog

vaccine tecnologies.
Unit1 Overview of Imetuse syshees: Homas Immiuse systern: Effectars of i systerm;
Fandamentals of Inaste & Adupdve lmurity: Activation of the fanwe Immanity; Adaplive
immune system lmenimity: T ond B cells ia afsptive immusity, lmaise resposse i (nfectionr
6 achres Correlmes of protection.
Unit 1l Protective immuno resposse (n Secterinl: viral and posasite inflactions: Primary asd
Immune nse dary inrsure dirisg infe Antipes md Rode of
to infection Antigen presecsing oelbs Dendritic cells in nmune resposse; lurete immune resperse.
@ Bcres H b Ji Cell medinied resp ok of CD4r and
CO8+ T culls; Memory respoesies: Memory and effectior T and 18 cells, Genesatises and
Maitienasce of memory T and Beelle
Unit Vacciration and immune resp Adj in Vacclsation; Modalation of bnmune
Immune response resporses: ledsction of Thi asd T2 by ising mppeep J] d
antiges dellvery sywiens - My d| Ly and Miceoparticles ss delivery

to vaccination
8 fectures

systems. Chenokines and cysokines; Role of sulsble mediators (n vactiration: Onal

imemmization aed Macoisd levmmity.

Unit v
Vaccine types & design
3 lectures

AU

History of vaceines. Convertioesd vaccines; Decterlal vaceines Virad Vaochnes, Vaocnes

tesed en routes of £ ond, I Live
nactivaeed vaccine; Subunt Vaceises and Tovoids: PepodeVaccine

N @1., /

d and
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Une vV
Vaccine technologies
4 lachures

B

& “"r(
J\.‘l‘ \’\l.’lu‘-

New VactiseTechrobogies Rt onaltedest gned Vacemes DN A Vaccinatior Mucesal
vacoination; New sppeoaches for visccine delivery; Engmeerong vires vectons far
vaccnalion, Vassnesforrgeteddeliveny{Vaoone Deliveny sysierms XOwseasespecific
vecoine Sesign: Tubercubosis Vaccine; Matana Vaccine; HIV/AIDS wactine; New

emerging dueases mnd viocme noods (Ebola,Zika)

Rezommandad Texiooks and References

Jeewity C A Trovers, P WalpoetM. & Shionech 5, M. ) L2005) fromanadivology.

heimmuneSysteran Maa'thondDinmss, USA-Gerlard ScicnocPub
Kindt, TJ. Osbome B.A_ Gokdidyy R A_&Kaby J (2
New Yok W.H Freoman

Kasfmanm, S H.(2004 ) NoveVocoimationSerategies. Werdieln: Wiley -VCH

0131 Notylomamology

JoumalAsticlesirelevantissoes oo Anmos | Reviewo flmmmoko gy Aanaal

ReviewoMicrobiology, Currest Opri oo n0 bogy Naturelmsnnology

Expert eeview ofvaccines
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Medical
Microbiology
and Infection
Biology

=

Cowse Oecives

This cosrse will provide 3 perspective On completion of fhis courss, sdents

Bacterial diseases

A Iectytey

Vinl diseases

Eechres

Une il
Fungal and
protozoan infections

Unt IV

Sexually transmitted
diseases and
congenital infections

Ot
47 pe3?

and expooure % sadical mpacts of shonld be able 10

bocseriology, virology. myoelogy, Compare and contrast Sferemn

perasiology and infectious daeanes slary microbial discases, mcluding

with concepts of sy [ P of differeat types of patho-

transmission, prophytaxis and control, pons, and meshonisns of pathopenesis:

3 concepmual enderstanding of host — Sumnearice role of bod in infoctioun

pahogen imensctions using well charae. disease, mcloding satueal barrkers to

terized syswems as exampdes, The stadent infection, inmate and asquired

should have s good gnnp of Ssease Insarane responses 1o infoetion,

cusing microbes and thelr lnpsrections and inflammation;

with host Corrpare and contrial Saperimens ]
approaches for Mentifying vinukeece
penes and advamages @sadvantages of
each sppeoech for specificpathogens

Normal mieroflora (microbélome) of duman body and (15 rofe - Skin, moufh and

pirstory tract, intentined trace, srogemital sract; Pathogenesis and vinel Exton
- Ko’y b Adh wad ievasion, Tesim, Erey Artplegecyts
facoors, Antigenic by ron henr; SactiTns enthraces, Clesiradiue spps,

Corgnedacteriam diptherive £ coll, Vilvl dwolerse. Mfiodacter pylort. Sefiwomella
ety and paratypkd, Skigals dysenteriae; Listeria monovplapones, Mymabartrriary
w50, Ricknisl i H A -, Brocellsgi

Streptococeal and Sephylococcal infctions: Ansibscteril ch Py (with exarple
of setibioties) - Inbibigon of cell wall symiesis, ichibtion of cell merehrens flection,
Iehibitlon of peotein and ewchele acld synth bolites: Drug resi - ongn

{penetic and s L Y activity tv oitro and i s,
Muli-drug resatance snd it mechaniens e g MOR-TS.

Vil Pahogesesls « Rouwes of entry, Viral spread (bocal md systemic infiaction)). Vil
persistence (chronc and bwent mfection); Polio, Chacken peox. Mumps, Merdes, Rsbells;
Vil & hagic fever, viml halitis, Desgee and Yellow fever; Rflosaa virus
foction (caphasis 08 Avien and swise flu), Rabries ond Prion discases; Hepatlihs

aed Humen Cancer vinuses, Emerging viral diseases - Ebola, Marburg, SARS. Hann,
Chik Zikn, Chandipurs: Arsiviral chen o nd Vieal vaccings; Nacleint

asd nacleoiids snalogs, Reverse masseriptase iohibaor, protease [shibdce, fusion
lnhibisor efic, leterferons, Killed and atteouated vaccines.

Types of Mycoses (with spacific example of cousative fings) - Superficlal, Cutyaewss,
Sub-cutanscus; Types of Mycoses (with specifis example of cusstive fungi) - Endemic

wd Op i, My and Antifargal chemoh - Myceti Aflaseecias,
chnses of cumently availidle dregs end new nhibiors 0 the pipelne. Protecen
dissases « G Arnoeh L African deeping sickness; Maleria,
Cryptosporidioss; Infection by Hel - N dov, T dou, Cestoden

Syphilis and Goacerheal mfections: AIDS and Lenoviral infection; Herpes infecsiore;
Chlamydial fafes {Oleraydia trach p and Ureap fecti
T b is; C ital vl infecti -C galovi Variccls xnder, HAY,
Emerovirus, Parvovinus 519 alc.
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Uty 1 llelar end Il Prisciphes of microbes! poefogenesis, host
Host-pathogen darmage, Inh ¥ responses, o straesies of pathogen- inepact of host
interaction ad pethog lism oo y and putkogen sarvival, Cheonke pethegens
@ imctutes wd s o  Evasion of | - host

anermion. Mycodacternng taberowloss, Barreu burgdorfers; Virsses - hoat isleraction

HIV, Infk ¥ - best P spp. Le mapr

Recommended Texthooks and Refstunces

Madical Microbislogy 27 ecition, McGraw Hill

J Oraven, ) Pumt mnd Sharcn Stranfoed, (2012), Kby Istusbogy: 7 edition
W.H. Froeman and Co.

IT Kudva, NA. Cormsck, PJ Plasaner, Q Zhasg, TL Nicholson, 1P Baarentize
mnd BH Belsore. Virubmeor Michsuboes of Bacteny’ Pathogess, (2016)

5* edithon. ASM Press

N Kumer, AK, Abbas and JC Aster, (2015), Rablvins & Cotran Patialagic Basts
of Disctne. 9* Edigion, Elsevier

K Murpby and K Weaver, (2016), fmevy's invmnobislegy, 9 Edison,
Garland Science

AK Abbes, (201 5), Cellwlar and Melecadier Imsmdigy 1* Edivion, Ebevie.
Ananthararayan and Paniker, Tevthoek of Micrediclogy, ¥ Editioa.
Baveja CP, (2001} Tertivok of Micrabialbogy. 5 Ed. Megraw Hill Education.

o, i
a1 e

Course: Animal Biotechnology

Course Code: MBT 309T
Course Credit: 3

Unit1

Introduction 10 the balanced salt solutions and ssmple growth medium. Brief discussion oo
the chensical, physical and metabolic functions of different constituents of cudture medium,
Serum & protein free defined medsa and their applications,

Unit 11

Primary and secondury cell culture, Development of cell lines, Biology and chameterization
of the cultured cells. Basic techniques of mammalisn cell cultures in vitro,

Unit IT1

Maingenance of oell cullure, Cell Passaging, Measuring parameters of growth, Measurement
of viability and cysotoxicity.

Unmit IV

Cell synchromization, Cell transformation. Apopiosis, Cryopreservation, Common cell
culture contaminants.

Unit V

Applications of animal cell culture; cell cultere based products. vaccines, Hybridoma
sechnobogy and monoclonal antibodies, stem cells and their applications, Animal choning.
IVF technology, Organ, organotypic and histotypic cultures,

Suggested Readings

1. Culwee of Animal Cefls: Freshney

2, Animal Cell Culture: John RW Masters

3, Animal Cell Culture Techniques: Martin Clynes

4. Transgenic Animals: Generatian and Use: Louis-Marie Houdebine

A~ it
AT
| l:“_'la,t

KC Carroll, SA Morse, T Mistmer, S Maller. (20 16) Jaweez, Melnick and Adeibergs’s
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'r\ T .cLIu bars of I\mrumul of B\lluchno!op\ hx.L w0 mnlmgu 3 pre-Ph.D. course work

I'uNnnmn Ehtics, p-pr I com wrm.s ana alytical and scr.nr gion techniques. Paper [ &
opliocesl in nature and comprise of five Elective papers and therefore student can select one
paper besed on hisher research interest area.

Code Subject | End Semester Crodit
| i Total Marks
100 4
Annlytical Separation 100 4
Technigues
1103 | Elective paper x S0 4.
| (Studentaced ¢ sclm o,lé:‘om a8
A pwcbmgmn«h mtms),,,m‘w
103A: Advances s Anlmal Cell (‘uhurc Technaology

]‘ 1038: Advances in Cancer Biology

103C: Advanees b Immunology
103D: Microbial Resources and Products
T03E: Enzyme and fermentation technology

l /
The Seminar will be mandatory but qualifying on the recommendation of the member

of the DRC and approval of the chairman of DRC. The minimum passing marks in cach
paper will be 55%,

300 iz

\ At Rt
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Paper |
101 Research Methodobogy and Research Pablication Ethics
Unit - 1

Literature Review, Defining the research guestions, Appronches and Methodology for
Scientific research, Documentstion and presentation of data, Analysis and interpectation of
data, manuscript preparation.

Unit-2

Seatistics in Research, Measures of Central Tendency, Dispersion, Asymmetry, Relationship.
Regression Amalysis, Multiple coerelation and Regression, Partial Correlation, Association in
case of Attribanes. Testing of Hypothesis. Chi-Sgqusre test Applications,  Steps,
chamcteristics, limitations. Analysis of Variance and Covarinnce.

Unit- 3

Basic knowledge of compusers, hardware and software, Geperaton of Computers and
informaticn storapes devices. MS-OFFICE, MS-WORD, MS-EXCEL, MS-POWER POINT
Application of Different computer software in bandling the bio-sastistical problems and Data-
maagement, R Programme, SPSS, Origin, Prism.

Unit - 4

Philosophy And Erhics: Intreduction to philosophy : definition, mature and scope, concepls,
branches; Ethics : definition, moeal philosophy, mature of moral judgments and reactions;
Scientific Conduct: Biosafety and Bicethics and IPR, Ethics with respect to science and
research, Imellectual honesty and research m«wn). Smmms misconducts h:lmﬂumm

fabdcation, and plagiarism (FFP), Redund duplicate and overlappisg
publications, salami shicing, Selective reposting aml mmew\-smwlun of dasa;
Unit -5

Publication Exhics:Publication ethics: definition, introduction and importance, Best practioes’
standard setting initlatives and gaidelines: COPE, WAME, etc.. Coaflicts of inmlerest,

Publicatson misconduct: definith probl that lead to hical behavior and
vice versa, lyw-s» \'lolxllun of wblxau«m clhn:s. mutharship and  contributorshap,
Kdemtification of p & P and appeals, Predatory publishers aed
Journals,

PRACTICE

*  OPEN ACCESS PUBLISHING (4 hrs)
1. Open access publicetion and initintives.
2. SMEXPA/ROMECQ voline resvunse (o cheek publisher copyiight & selfachiving poficies,
3. Software 1001 10 idescify predssory publications developed by SPPU.
A, Joumad finder / Journal seggestion wols viz. JANE, Elsevier Joursal Finder, Springer
Joumal Suggestr, vic

*  OPEN ACCESS PUBLISHING (4 hrs)
A, Group Discessions (Zhes.)
1. Subject specific ethical lssses, FFP, authoeship.
2. Conflicts of interest,
3. Complaiots and sppeals : examples and fraed from lndéa sod sbeoad.

B. Seftware tosls (2hrs.)
Use of plagiariam software Bhe Tumitin, Urkund sad other open source softeare tools.

o R R P,
mr\\.A\ "’}fﬂilac"‘ v
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«  OPEN ACCESS PUBLISHING {4 hrs.)
A. Dats base (4 bry)
1, Indexing databases
2. Citaticn dotsbases ¢ Web of Science, Scopus, e

B Research Metrics (3 hrs)
1. Imgoct Factor of joumal as per Josenad Citation Report, SNIP, SIR PP, Cite Score.
2. Metrics ; h-imdex, g sdex, 110 index, altmetrics.

Suggested Readings
1. Kothari, C.R., Research Methodology (Methods and Techniques), New Age Puablisher

2, Fundsmentals of modern stical methods By Rand R. Wilco

3. o7 Anafysis for Exp: ental Research A Practicsl Guide foc the Biological,
Lamd Socinl Scie by R. Barker Baasell, Yu-Fang 11 C: bridge University

Kl of Experiments: Statistical Principles of Research Design and Apalysis, by

Rotert O. Kuehl Brooks/Ce
5, Study and Comsmumication Skills for the Biosciences by Stuact Johnson and JoaScott,
Oxford University Press
6, Write and Publish a S

ific Paper by Robert A. Day Oryx Press

yw how by Jermifer Peat BMI Books

arch Propasals A Guide for Scientists Seeking Funding by
Pa hagin €

9. Critical conversation about Plhgiarism: Ed: Mickael Donnelly et al, Parler peess 2012

.'}"“ LY
"'—\'\.\l'“‘
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