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Jniversity Of Punjab
LEPARTMENT OF BOTANY

RE VISEﬁ SYLLABUS
M.Se (BOTANY) | APPEND (X-1

The revised syllabi and courses of reading for the M.Sc (Botany) Part-1 and

Fart-Il examinations of 2004 onwards. Recommesided for approval by the Board of Studices
in Botany in its meeting held on July 21, 2003,

iii.

Qutline of tests

Bach cowse will be covered in 70+5 hours of theory lectures and atleast 22

practicals each of taree hour duration,

»
Special optional pepers should be offered only by teachers hoiding a Ph.D degree in
hissher field of specialisation. Exceptions to the rules allowed where Ph.Ds are not
available,

I courses where the subject matter includes distinet groups of plants as in Paper [,

H, 1 and VIHL the question paper will be divided info 2 or 3 parts. The number of

questions in cach part of cach paper will be decided by the Board of Studies and
conveyed to the respeciive examiners.

ML.S: Part-Land Part-11 Examinations of 2004 onward {
|

M.5¢ Pagt-1:

Paper # Title Written Practical .~ Lotal

! Microbiology, Phycology and 60 30 90
Bryology

H Mycology 60) 30 - 90

H1 Evolutionary Biology of Vascular  6) 30 9()
Plants ’

Y Cell Biolcgy and Biostatistics 60 30 90)

v Plant Biochemistry 60 30 90

14! Plant Eeology 00 30 Y0y

VI Comprehensive viva-voce = O0)

M.S¢ Part-11:

VHI Plant Anatomy and Taxonomy of 00 30 9
Angiospers

X Plant Physiology 6l) 30 90

N Molcceular Genetics 00 30 90

X1 Environmental Biology o0 30 90

L0 | R Comprehensive viva voce - 40

"Optional (Special) Paper-I: 75 25 100

“Optional(Special) Paper 1 75 25 100

OR




Research in licu of two optional papers.

Optional Papers:
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X1l

Total:-
Grand Total:-

*LIST OF OPTIONAL (SPECIAL) PAPERS

Title

Plant tissue culture and its agricultural applications
Plant Biotechnology

Gene Manipulition

Microbiology

Environmental Bacteriology

Applied Paleopalynology

© Advanced Plant Anatomy

Biology of Impertect Fungi

Mycorrhiza 1
fungai Plant Interactions |
Physiology of Fungi |
Wood Decay Fungi
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Paper |:

MICROBIOLOGY, PHYCOLOGY AND BRYOLOGY

MICROBLOLOGY:

A) BACTERIA:

t History and devclopment of microbiology.

2. Characteristics of pro- and eukaryotic cells.

3. Characteristics of cvenobacteria,

4. Morphology, genetic recombination, locomotion and reproduction in bacteria.

5. Classilication of bacteria,

6. Bacterial metabolism (respiration, fermentation and photosynthesis).

7. Fconomic importanc: of bacteria.

B VIRUSES:

l. General leatures of viruses, viral architecture, classification, dissemination and
replication.

2. Symptomatology of virus-inlected plants: (External & Internal symploms).

3. Metabolism of virus- infected plants. i

PUYCOLOGY

i Introduction and general account, cecurrence of algac in vatious environments
(factors alfecting their distribution).  Characterstic  criteria of classilication,
classification of the following phyla of Algac upto order level.

2. Cedl strueture, thallus organization, methods of reproduction, patterns of life- cycles
with special referenc: to evolutionary trends of the following divisions.

it Chlorophyta Study of Chlorophyceac.

b. Charophyta Study of Charophyceue.

C. Xanthophyta Study ol Xanthophyceae.

. Bacillariophyta Study of Bacillariophyceae.

C. Phacophyta Study of Phacophyceae.

l. Rhodophyta Study of Rhodophyceac.

3. Economic importance of Algac.

BLYOLOGY

Origin ot Bryophyta
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L Nature of vegetative structure of primitive Bryophytic gametophyte and (s
evolation, ’
h. Origin and hemologies of sex organs.

Distribution. habitats, general characters, reproduction, Tife cycles and classification
ol Bryophyla.

Distinguishing characters and affinities of the following classes: -

. Hepaticopsida
h. Anthoceropsida
¢ Bryopsida

Nature of aliernation of generations and origin of sporophyte

PRACTICALS

11,

I

Bacteriology

Methods of steritization of glassware & media.

Preparation of nutrient agar and inoculation.

Preparation of slides for the study of various forms, capsule/slime fayer, spores,
Hageta aad Gram-st ining, :

Growth of hucte

i

PHYCOLOGY

Use of mecrometer wnd camera lucida,
Macroscopic and mirroscopic study, description and identification of the tollowing
gener:

Glococapsa, Micreeysids.  Oscillatoria,  Lyngbva, Arthrospira,  Tolypothrix,
Stigonema Spiruling, Nostoc, Anabaena, Glocotrichia, Chlamydomonas, Pandorina,
Ludoria, — Hydrodiciyon,  Volvox,  Pediastrum, — Ulothrix,  Stigeoclonium,
Draparnaldia, Ocdovonium, Bulbochaete, Cladophora, Pithophra, Rhizoclonium,
Zygnema, Spirogyre, Mougeotia, Closterium, Ulva, lnteromorpha, Bryospsis,
Canderpa, Codium, Acetabularia, Chara, Nitella, Botrydium, Vaucheria, Navicula.
Pinnularia. Lctocarpus,  Dictvota,  Cutleria,  Laminaria,  Sargassum, Fucus,
Batrachospermum, Scinaia, Nemalion, Polysiphonia.

BRYOLOGY
Study ol the following, gencra:

Ricciu, Marchantia, Fimbriaria, Conocephalum, Pelliv, Porella, Anthocero:
Sphagnum, Funaria, Polytrichum.
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V. Collection and identification of algae and bryophytes and their preseryation.
V. Visits to study algae and bryophytes in their natural habitats (field trips).

BOOKS RECOMMENDED (latest edition):

I Ross F.C Fundamen.als of Microbiology. John Willey Co. New York.

2 Pelezar JrMJoand Chan E.CS. Elements of Microbiology. McGraw Hill Corp.
London.

3 Smith, G M. Cryptogamic Botany (Vols. T & 1), McGraw Hill, New York.

4. Bold H.Cand Wyne M. Introduction to the Algae. Structure and reproducticn.
Priatice Hall Inc. Englewood Cliffs.

5. Lee R.E. Phycology. Cambridge University Press.

0. Schofiela, W.B. Iriroduction 0 Bryology, MacMilian Publishing Company,

London.



PAPER

MYCOLOGY

INTRODUCTON:

- Seperal introduction 1o Tungi.
Cedlss hyphoe and tissues,
Sexual and s-sexual reproduction.
Classification - Principles of tuxonomy and nomenculature.

BIVISION MYCOTA:
SUB-DIVISION MASTHGOMYCOTINA:

General int oduction
ZOOSPOrOgenesis.
- Zoospore movement and structure.
- Zoospore discharge and germination.
- Classification,

Classes:  Chytridiomycetes(wart  discases), Qomycetes  (general
characters ol orders Saprolegniales (root rots) & Peronosporales.
[Demping off, dowry mildews, blights and white rusts].

SUB-DIVISION ZYGOMYCOTINA:

General inroduction.
- Class Zygomyccetes.
General cliaraclers of orcers Mucorales [solt rots] and Glomales (VA
mycorrhizie).
Spocangial tendencies to evolve conidium.

SUB-DIVISION ASCOMYCOTINA:

senctal introduction.

Ascus, cenitum and sexual reproduction.
- Non-sexual reproduction,
- Classificanion.

- Classes: HMemiascomyceetes; general characters of orders: Endomycetales

(yeasts), "Cephrinates (Tephring discases), Plectomycetes, Pyrenomycetes;
peneral characters of orders Erysiphales (powdery mildews), Xylariales
[diseases of fruit and other trees], Clavicipitales [ergots, canker and rots|
Discomyceles general chavacters of orders Pezizales (leal spot diseases)



Helotiales anc Loculoascoimycetes; general characters of orders Pleosporeles
(scab discases), Myriangiales (anthiracnose discases) and Hysteriales.

SUB-DIVISION BASIDIOMYCOTINA:

General introduction.

Mycelium, hyphac and hyphal system.

Fuesian system of classificaticn and homoplasy.
Basidium and sexual reproduction.

Non-sexual re production.

Classtlication.

Classes Teliomycetes; genetal characters of orders Uredinales and
Ustilaginales (rusts and smut diseases); Hymenomycetes; gencral
characters of orders Agaricales and Aphylophorales, [woody decay
fungr Gasteromycetes; general characteristics and spore dispersal.

SUB-DIVISION DEUTEROMYCOTINA:

General introduction.
Concept of anamorphs and telomorphs.
Spore types « nd morphology, conidial ontogeny, parasexual life cycle.

VN PO
Lo lddddi

Pyoaocdsons
uatioii.

Classes Form: Hyphomycetes; general characters of order Montliales
(Cercospora, Alternaria leal spot diseases and [Fusarium  and
Vertivillium wilts) and Coelomycetes; gencral characters of orders
Melanconiales  (Anthracnose  discase)  and  Sphaeropsidales
{Ascochyta leaf spots and blights).

GIINERAL TOPICS:

Heterothalism.
ungt as symbionts:
Classification.
fichens.
- Mycurrhizae.
Fungt as predators-Entomogenous fungi, nemalode trapping fungi,
medreally inportant fungi.
cconomically important fuagi:
- Fungi in agriculture.
Fungi tor food and food processing.
Industrially important fungi.
Poisonous fungi.
Fungi as recyclers (decompuosers).



PRACTICALY
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Basic mycological rechniques.

Isolation of fungi from soil (dircct and ditution plate methods).

fsolation ot fungi hom water (baitirg with different plant matcrials like sced, leaves
and twigs).

Isolation of fungi from air,

isolalion of pathogenic fungi from diseased tissues.

Field study of muslirooms, toodstools, rusts, smuts and other parasitic fungi.
Anatoracal and miroscopic study of lichens.

Anuatomical study and hyphal systems of Polypores and Agarics.

Identification of verious types of mycorrhizae, Processing and staining ol rools tor
VA mycorrhizal assessiment in roots of crop planis. Isolation and identification of
endogonaceous fungi from soil by wet sicving and decanting techniques.

Study of interactio v of fungi in culture, macroscopiic and microscopic cxamination
ol common locally available types representing various taxonomic groups.

Collection, preserv ation and identification of at least 35 mycological specimens.

EOOKS RECOMMEND D (Latest editions):

fod Pd =

Webster, J. Introduction to the tungi. Cambridge University Press.,

Alexopoulos, C.).and Mims, C.W. Introductory Mycology. John Wiley and Sous.
Alimad, S, Gasteromycetes of West Pakistan, Publication of Botany Department,
.U, Lahore. ‘

Ahmad, 5. Ascomycetes of Pakistan. Vol. 1 & 1. Biological Socicty of Pakistan.
Ahmad, §. Basidiomycetes of Pakistan. Biological Society of Pakistan.

Ahmad, 5. A contribution to the Agaricaies of Pakistan. Bulletin of Mycology, i:
35-90),

Harley. J.L. and Swith, 8.1 Mycorchizal Symbiosis, Academic Press.

Deacon, L. W Introduction to modern Mycology. Blackwell Scientific Publication.



PAPER 1

EVOLUTIONARY BIOLOGY OF VASCULAR PLANTS

KV OLUTLION:

Delition. Convergent, Divergent and Homoplastic Evolution. Evolutionary
Forces and Trends. Modern concept of Evolation.

IPCRSILS

Definition, types of fossils and methods used for their study. Nomenclature. The
geological time scale and major revolutions.

Palynology: Delinition (Neopalynology and Palacopalynology

"alacopalynology:  Definition.  different types of palynomorphs, role of
Palacopalynology ir revealing and highlighting past vegcetational history depicting
plant evalution, role in Geology, Archaeology and other sciences.

Steler system: Clas ification and evolution. Maturation pattern of xylem:

TEACHEOPHYTA (VASCULAR PLANTS)

General  characters,  classilication,  (Rhyniophyta, — Zosterophyllophyia,
Trimerophyllophyta). atfinities and phylogenetic importance,

Lycopsida

General - characters,  classilication  (Drepanophycales,  Protolepidodendrales,
Lepidodendrales, 1ycopodiales, Selaginellues, Pleuromiales, 1soetales), alfinitics
and phylogenetic importance.

Sphenopsida

General  characters,  classilication  (Psceudoborniales, — Sphenophyllales,
Fquascetales), atfinities and phylogenentic importance.

Pteropsida
Ferns: General churacters, classification and phylogenetic importance of
a. Busporangeate Ferns (Opluoglossales, Marratiales)
b Leptosporangiate Ferns (Filicales, Marseliales, Salviniales)

Origin and Evolution of Seed Habit

Seed Ferns: General characters and phylogenetic importance of
a. Calamopitales



b Lvgnoprerideles
¢ Meduliosales

d. Glossopterideles
e Cavtoniales

Gymmosperms: Origin of Gymnosperims, Phylogeny and classification of
Bennenitales, Ghikgolaes, Cveadales, Coniferules and Guetales, Distriburtion
of gymnosperms in Pakistan.

LS 4]

Angiosperms:

a. Life cycle of Angiosperm

i Hetflorescene:: Definition, basic types and floral biology.

<. Vlower: Defliniton, different parts of a gencralized {lower.

. Morphological Nature: Maorphological nature of flower, Different types
ol placentaticn and their inter-relationship.

¢. Origin of Angiosperms

. Ewmbryology: Structure of stamen, microsporogenesis and structure of
potlen. Struc ure of ovule, megasporogenesis. Different types ot embryo
sucs. Natare of endospermic tissue.

PRACTICALS:

i Peel and ground wectioning techniques.
: Sechion cutting, staining and mouniing of the {oliowing piants: Adiantum,

Asplenium, Dryopieris, Preris, Marsilea, Equiseium, twigs ol Pinus, Thuja,
Cyeas and Taxus.

3 féentification and study of stercoscopic sections of the woods of Pinus,
Cedrus, Abies, Cupressus, Juniperous and Thuja (Prepared slides).
. solation of palynomorphs throuzh maceration from the samples of Mesozoic

and Paleorzoic rocks of Pakistan.

3. Morphological studies of the raterial and prepared slidees of - Psilotum,
Lycopodium,  Laquisetum.  Pters,  Osmunda,  Ophioglossum,  Botrychium,
Athyriom, olysiichum, Pinus, Codrus, Abies and Picea.

. Siudy ot different types of placentation in different flowers.

7 Examination ol ditlerent types of Embryo sacs in Angiosperms through
prepared slides.

4 Eoaunination ol the tossilized plant material.

Y. Examination ol the prepared microscopic slides of the following lossils

Horneophyion, Sphenophyllum, Lepidocarpon, Culamites and Lyginopiteris
and others,

Candidades are equired 1o study geologacal formations and  collect Peridophyies.
Gymnosperms and rock sansples from highar/Lesser Himalayas ol Pakistan and 1o submit
thair collection o properly mounted and identificd form at the time of practical
exiimination. Students are ciso required (o submit a Technical report covering all aspects
ol the ticldwork at the time of the Practical examination,



BOCKS RECOMMENDED: (Latest Editions)
- P DWW, Bierhorst. Morphology of Vascular plants, Macmillan, Inc. Insurance, New
York.
20 deryme, ACCLOTAL Crabbe and BUAL Thomas. The phylogeny and classification
of Ferns. Acadenic Press. London,
3 Paleobotany, Pascoceclogy and Evolution. Kjniklas. Pracger Press, New York.
C.1. Beck. Ongm and evolution of Gymnosperms. Columbia University Press,
New York.
5. C.B. Beck. Origin and evolution of Angiosperms. Columbia University Press,
New York,
0. Bames, Al Morphlogy of Vascular Flants (Lower Groups). Meglaw Hill and Co.
7. Andrews, HOW o studies in Paleobotany. John Wiley and Sons.
¥ Sporne, KR The morphology of Peridophytes. Hutchinson University Library.
G sporne, KR The morphology of Gymnosperms. Hutchinson University Library.

Y. Champatain, CJ. Gymnosperms structure and Evolution. Dover Publications {nc.

o
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CELL BIOLOGY AND BIOSTATISTICS
Cell Biology

futtoduction

Prokaryotes & cukaryotic cetl.

Stracture of plant cell.

a. Cell wall: Physico-chemical nature. ultrastiructure.

b, Cell membrane: Molecular organization and molecular models of cell
membrane, cell permeability - passive penmeability, passive jonic dilTusion
aclive trans porl, transpost proteins.

¢. Cytoskeleton, Ultra structure and function of cell orgauciles.

)

Chromosomes

Morphology and  molecular — structure  of prokaryotic and  cukaryolic
chromosome, cignificance of histones and high mobility proteins in packing of
chromosome awd gene expression.

Cell cycle: :

Synchronizing  aualysis of th: control and models of control ol cell eyele,
Importance for growth and development of multicellular organisms. The G, S
and Gz phasen. DNA replication. Mitosis and cell division - emphasis on
motecular organization and fuactional role on mitotic apparatus. Meiosis and
repiicalion - penctic conscquences of meiosis and lypes of metosis, DNA
melabolism in mmeiosis.

Biostatistics

[ntroduction and scope:
Definition; characieristics, importance and limitations, population and samples.

Frequency distribution and probabilitics:
Formation of frequency table trom raw  dala. histograms.  Applications  of
probabilitics to siniple events.

Measures of centre! tendencies and dispersion:
Arithmetic mean, median, mode. range, vartance and standard deviation, standard

crror ol the mean, mean deviation, semi interquartiles range.
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Lo Standard distribution

Bionomial, poison and normal distributions, properties and application.
Notmalitiy.

oo lestof significance:

Introduction:

A} t-tests Basic tdea, confidence timils of means, significant difference of
meins.

B) X“-est: Basic idea, testing poodness of fif (o a ratio, testing association
(contingency rable).

C) F-test: Introduction and application in analysis of variance.

DY L5 test, Duncan new muliiple range test (for comparison of individual
means). Bonlesroni iest.

(. Desigr. of experiment
Coneept ol design, principles of experiment, planning ol an experiment, replication
and  randomization, ficld plot technique fayour  and analysis of - completely
randomized design, andomized complete block design, Lalin square, factorial
design, reatment cormparison,

7. Briel account of corre ation and FCRression.
Praciical
iy Cell Biology:

Lo Cell structure in the steminal hair of Tradescantia,

2o Microchemical detecton of following in the structure of the plant cell. Protein,
carbohydrate, celtulose. cutin, pectin.

S Plastids i various plants: Spirogyra. Hydrilla, Tradescantiu, Daucus carrold,
Arisaena, Solanwn twbsrosum and Lycopersicon esculennum, citrus.

4. Mitosis: Smear/squash preparation of onion roots.

5 Meiosis: Smear/squasl preparation from anthers of plants such as oal, onion, wheat,
maize e,

O Germination of pollen srains of various vascular plants,

3. Biostatistics:

8 Probability of siimple events,

Y Dalta collection, arrangement of data in frequency table.

1. Caleulation of mean trm group and ungrouped data.

P Caleulation o variance and standard d viation {rom grouped and ungrouped data.
2 Bionomial distribution,

13, Tetest,

teb, Poison distribution.



15.
6.
17.

I8,
19,
20,

X -lest.

Anatysis of variance-one factor design
Analysis ol variance-two way analysis
Analysis ol variance-for Latin square
Analysis ol variance-for lactorial design.
Correlation.

21 Linear Regression.

Books Recommended

o

n

Alberts, B., Bray, D. Lewis, 1: Raff, M., Roberts, K and Waltson, J.D. (1994),
Molecular Biology of the Cell, Garland Publishing Inc. New York.

Batley, NI 0 1994Y. Statisiical Methods in Bioloyy, Cambridge University
Press.

Darnell, Jro J. Lodisch, H. and Balimore, D. (1990). Molecular Biology of the
Cells, scientific American Inc. NY.

De. Robertis, F.P. and De. Robertis, L.M.F. Coll and Molecular Biology, 8"
Edivon, (2001), Holt Lea and Fbiger, New York.

Lodish, H. Ballimor, 1. Berk. A. Zipursky, S.1.. Matsudaira, P. Darnctl, J.
(L001).Moleculur Biology of the cell. Scientific American Books, W.H. Freeman
and Company, New York.

Ouum, G, (002). Experimental Design and Data Analysis for: Biologists.
Cambridge University Press. |

Steel, RAG.D. and Torrie, LH.(1981). Principles und procedures of Statistics: A
Biometrical approach, McGrew — Hill International Book company. !

Swaason, C.P., Merz, T. and Young, W.J. 1990 (second edition) Cytogenetics:
The chromosome in division, inheritance and evolution. Prentice — Hall Inc.
Wounacott, T.H. and Wonnacott, R.J. (1990). introductory Statistics, John
Wiley and Sons.

Gereld Karp. Cell and Molecular Biology — Concept and experiments. Third
edition. 2002. John Wiley and Sons. U.S.A.

Gieollrey M. Cooper. The Celi - A Molecular approach. 2000. ASM Press.
Washingion. D.C, U.S.A.



) Componenls of protein synthesis. Genetic code, protein synthesis: initiatiorn,
clopgation and termination.

Alkaloids:

Oceurrence, physiological effects, chemical nature with special reference 1o
solenine, nicotine. morphine theine and calfeine. Allatoxins, their nature and role.

Terpenoids:

Classilication:  monoferpenes,  sesquiterpenes,  diterpencs. triterpenes,
let storpenes. poivierpenes and their chemical constitution and biosynthesis.

Vitamins:
General propertics and role in metabotism.

Pructical

I Solutions. acids anc bases. Electrolytes, non-clectrolytes, bulfers, pH, Chemical
honds.

2 To determine the RE value of monosaccharides onca paper Chromatograim.

3 To estinmie the amount of reducing and non-reducing sugars in ptant malerial
ttrimetrically/spectiophotometrically. :

4 To estimate the ameunt of vitamin C ina plant organ (orange, apple juice).

3. To determine the saponification number of fats.

6. To extract and estimate it from plant material using soxhict apparatus.

7. Anatysis of various lipids by TLC methods.

8. To estimale soluble proteins by Biuret or Lowry or Dye-binding method.

9. To estimate the amount of total Nittogen in plant material by Kjeldahl's method.

I To deternine the RO value of amino acids on a paper chromatogram.

L Extriction of Nuceic acids from plant material and their estimation by UV
absarption, or colour reactions.

7. To estimale the coialytic property ol cnzyme catalase or peroxidase extracted
from a plant source.

I To determine the PR and isoelectric poini of an amino acid.

le Separation of soluble proteins by polyactylamide ecl (PAGE) clectrophoresis.

t Separation of nucleic acids by gel etectrophoresis.

Books Recnmmended (Lotest Edition):

| ErcE. Conn and PK.Stumpt, 2002, Outlines of Biochemustry, John Wiley &

Sous lne. New York.

Albert - Lehninger. 1996, Principies of Biochemistry. Worth Publishers Inc.

3 0. Voel, J.G. Voot and CW. Prat, 1998, Fundamentals of Biochemistry, John
Wiley & Sons, New York.

[



PAPUR V:

PLANT BIOCHEMISTRY
Carbohydrates:

Occurrence, classification. Optical activity, structure and molecular configuration,
mutarotalion and important reactions. A general account of ribuse, deoxyribose, xylulose,
xytose, D-giucose, D-galuctose. D-inannose, cellobiose, sucrose, maltose, pentosans,’
tructosans, starch, cetlulos:, hemicellulose, amino sugars, derived acids and alcohols,
glucosides, mucilages, pectns and lignins,

Lipids:

Occurrence, classibication. Structure and chemical properties of fatty  acids,
triplycerides, phospholipids, glycolipids, suipholipids, waxes, sterols.

Proteins:

Amino acids and their structure. Electio chemical propertics and reactions of
amino acids. Classilication of proteins. Primary. sccondary, lertiary and quarternary
stracture of proteins. Biological role,

Muicteic Acids:

General introducticn. Purme and pyrimidine bases. nucfeosides, nucleotides-
Stucture and properties of DNA and RMA. Types and functions of RNA. Chemical
synthesis ofoligonucleotides and DNA scquencing,

Fnzymes:

Nature and functicns, LU.E. classification with examples of typical groups,
Specificity. Factors aflecting enzyme activity, co-factors. Kinetics. Nature of active site
and mode of action. sozymes. Allosteric enzymes and feedback mechanisni,
Bivenergetics:

Encigy, laws about cnergy changes. Oxidation and reduction in living systems,
Metabolism:

A Biosynthesis, degradation and regulation of sucrose and starch. Breakdown of lats
with special relerence o beta-oxidation and its encrgy balance, Biosyuthesis of

fals.
13 Replication of DNAL Reverse transcription. Biosynthesis of DNA and RNA.



.

0.

9,

143,
I

Dey, P.M.and 1.B. Harborne, 1997, Plant Biochemistry. Harcourt Asia PTE £, d.
Singapore.

Emil. L. Smith: Robert L. Hill; Robert I. Lehman: Robert J. Letkowils Hand.cr
and Abraham. Princ ples ol Biocheniistry: (General Aspects). White. [nternational
Student Edition. MeTiraw Hill International Book Compuany.

(. Zubay. Biochemistry, MacMillan Publishing Co., New York.

IM  Chesworth,., T Strichbury and J. R, Scaife. 1998. An introduction io
agricultural biochem istry. Chapman and Hall. London,

Mckee, T. and )R, Mckee, 1999, Biochemistry ~  An  Introduction.
WCB/McGraw-Hill, New York, Boston, USA.

PJ. Lea, and R.C. Leegood. 1993, Plant Biochemistry and Molecular Biology.
Wiley & Sons, New York.

RAHLADdes, PA. Frey and W.P. Jencks Biochemistry, Jones & Bartiet, Londor.

T W . Goodwin and L Mercer, 1997, Biochemistry, Pergamon Press, Oxford.
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PAPER-VI

PLANT ECOLOGY

Introduction:

Background and basic coneept. History, development and current trends in

ceology.

Physiological ecology:

iib.

iv)

Soil

Distinction  between  edaphology  and  pedology.  Physical  and chemical
characteristics of the soil. Soil formation (detailed). Texture, structure and
porosity. Inorganic and organic components, Living inhabitants of the soil. ptl
and comductivity,

Water

b The Sotl-Plant- atmosphere system:

Atmospheris moisture. Forms of precipitation and ecological etfects. Role
of water in the diversity of plants. Soil water relationships.

Fnvironmenl and Adaptations: :

Waler balatice of plants. Adaptation based on water availability. Role of
waler i the diversity ol plants, Plant water relationships. ‘

b

Light and Temperature:

Physical properties of light. Effect of shade, altitude. Latitude high or low
pressure systerus on the characteristics of light and temperature. Ecological
response (o warmy, Chilling and freczing temperatures,

a. Ecophysioloaica: responses

I Photoperiodisin
2. Themoperiodism
3. Dormancy
)] Bud dormancy

a) Reproductive
b) Vegetative

). Seed dormancy
4. Stratificalion
5 Vernalization
0. Summorizaiion

-Role of temperatur: in diversity ol plant

Wind and fire as ecological facters.

Population Ecology:
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i Ecologrcal species
. Plant population Stru -ture: space and time
2. Plant population dynumics: Growth models und life iables.
4. Resource allocation and life history patterns: Seed dispersal. Secd  banl
Recrustment.  Mortality.  Establisbment.  Competition.  Reproduction  and
demography.

Cowmunity Ecology

i The Plant Community: discrete and continuum concepts with modern synthesis
Community attributes: leal spectra, life form, distribution pattern, periodicity,
phenology, species maturily, age class ete.

N2

3. Species diversily concepts.

4, Plant community stiucture.

5. Plant community dyr amics (succession).

0. Method of samplirg ol plant community: quadrat, line intercepl, closesl
individual, nearest neighbor, random pairs, point centered quarter methods.

7. Quantitalive community description: Gradients, ordination & classification,

. Productivity, measurement. energy {Tow and efficiency.

Vegetation of Pakistan

Ecusysiem ecology:

R Concepls
2. Trophic fevels and energy flow.
3. Biogeochentistry- Major nutrient cycles & influencing factors,

Major Formations of world.

Pructical

l. Measurement of plant biomass and net prinvary productivity

2. Transplant experiment for ecotypic differemtiation

3. Measarenient ol water relation components: conductance, osmotic potential,
water potential, pressure potential, xylem pressure potential and pressure volume
curve,

4. Mcasarement of radiation, temperature, humidity and wind velocity,

5. Soil Lexture & structare, soil water status, and soil water potential

0. Seed dispersal, seed bank, germination, recruitment, and reproductive allocations.

7. Conunusity attributes

3. Reconnaissance survey ol different focal communities

9. Detaited  sampling  of local vege ation including gradient, ordination, and
classification

1. Study of local ecosy stem

o
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Book Recommended

10,

Barbour. M. GG 1. H. Burke and W.1D. Pitis. 1999, Terrestrial Plant Ecology. " he
Benjamm, Gununiicg Publishing Co. Palo Alto. California, USA.

Chapmon, J.L. and Reiss. MJ. 1999, Eeology: Principles and Applications.
Cambrudge University Press, UK,

Hussain . 1989, Field -and  Laboratory Manual of Plan Ecology. National
Academy of Higher BEducation, {slamabad. ‘
Krebs, C. 11997, Eeology. Harper and Row Publishers.

Moore. P. D. and S. B. Chapman. 1986. Methods in plant Ecotogy. Blackwell
Scientific Publication, Oxford.

Ricklefs, Rubs 2000, Feology. WL Frecman & Co., UK.

Ricklefs, R-FL 2001, The Economy of Nature. W.H. Freeman & Co., UK.
SHvertown, J.W- nd Lovelt-Doust, 1. 1993, Introduction to plant population
biology . Blackwell Scientific Pub.

Smith, R, L. 1990, Elements ol Ecology. Harper & Row Publishers, New York.
Townsend. C.R., Harper, J.L. and Begon, M-E. 2000. Essentials ol Ecology.
Blackwell Scientifi: Publications. UK.
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PAPER Vil
PLANT ANATOMY AND TAXONOMY OF ANGIOSPERMS
Comparative Anatomy of Gymnosperms and Angiosperms
Aaatomy )
3 The plant body anc its development, fundamental parts of the plant body, internal

organization, different tissue systems of primary and secondary body, periderm.
Meristemalic lissues: classification, nitials and derivatives.

3. Apical meristem: € viohistological characteristics, evolution of apical organization.
shoot and oot apices.

4. Leai: Types, origin. internal organization, venation, bundie-sheaths and bundle-
sheath extensions. ¢ nlargement of epidermal cells vis-u-vis different layers.

3. Vascular Cambium: origin, structure, storied and non-storied types of divisions,

additive and multiplicative divisions, cell types, cytoplasmic characteristics, seasonal
activity and its role in the secondary growth.
3] Origin, structure, development. tunctional and evolutionary specialization of the
following tissues. Epidermis and cpidermal emergences, parenchyma, collenchymua,
sclerenchyma, pholem and xylem, with special emphasis ou different types of wood.
Abnormal secondary growth,
Secretory tissues: Laticifers, Classilication, distribution, developmenty structy ral
characteristics, fun:tions and Resin Canals.
. Primary structure ¢f root and stem of angiosperms

~1

TAXONOMY OF ANGIOSPERMS

{lassification
Airns: History of clussilication, impact of evolutionary theory, units of classification
and taxonomic hierarchy, detailed study of the more recent systems of classification.
Linnacus, Bentham and Hooker, Engler and Prantl, Bessey, Hutchinson and
Takhtajan,

Origin of Angiosperms:
Differcnt theories e, Cycadian, Benetittatian and Pleridosperr.

Momenclalure
Aims. history, rul2s ol nomenclature which include criteria for clfective and vahid
publication, and problems in nomenclaiure, conservation and rejection of nares.

ew Concepts in Plant Taxonomy - Biosystematics

Species (taxonom ¢ and biological), types of varialions, microspecies, mduospccms

anid other infra-specific calegories, population study, ecophene ecolypes, ecospecies,
coenospecies and similar other catcgories.

latroduction to the Methodology
Methedology ol biochemical systematics and numerical taxonomy.

Taxonomic Lvidences
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Taxonomic evidence from different disciplines of botany and part played by thern in
solving problematic groups e role ol anatomy, palynology, cmbryology and
palacobotany in laxonomy.

PRACTICALN:

Anatomy:

o

Study ¢l stomata, ¢pideanis, epidermal cmergences, apical meristern, collenchyma,
- scleretds, intrustve growth in fibers, vascular cambium.,
* Study of phloem, yylem i.e. tracheids and vessels. Study of 3-dimensional plane of
wood, components of wood by maceration.
» IS, of eymnosperin and angiosperm leal.
* Study of Laticifers ¢nd resin ducts.
Taxonomy;
° To study 41 families of angiosperms in nature, Familiarity with local flor is
expeated. Candidates shoutd be able io describe shoot inflorescence, parts of tlowers
Calyx. corolla. androccium and Gynoecium, Cohesion and adnation of floral
whorls, Horal diagram and floral formula.
» To describe the specimens in technical tenns with floral diagram and floral formula.
> To key oul the specimen upto fumily level.

Eamilies:

! Mugnoliaceae 2. Cacsalpiniaceae
3 Ranunculaceac 4, Mimosaceac

5 Papaveraceae 6, Euphorbiaceae
7 Moraceue 8. Rutaceae

Y Casuarinaceae 16). Solanaceae

[ Cactaceac 12. Borazinaceae
13 Caryophylaceue 14, Apocynaceue
13, Chenopodiaceae l6. Apiascace

L7. Amaranthaceac 1. Asclepiadaceue
1. Malvaccae 20 Convolvulaceae
21, Cucurbitaceac 22. Myrtaceac

23. Salicaceae 24, Lamiaceae

25. Cappardaceae 20. Scrophulariaceae
27 Brassicaceae 28. Acanthaccae
249 Rosacene 3¢). Aslcracede

3. Papilionaceae 32. Liliuceae

33. Pabmae 34. Museceae

35, Araceae 30. Zingiberaceue
37 Junuaceae as. Cannaceac

3 Cyperacae 40. Orchidaceae
41, Poaceae

BOOKS RECOMMENDED (Latest editions):

1 Foster, A.S. and Giffod, EM. Jr. Comparative Morphology of Vascular plants,
Wi LFieeman & Co.
2. Esau, K. Plant Anatomy, John, Wiley and sons, Inc. New York, London,

3. Fahn, A. Plant Anatomy. Pergamon Press, Oxlord.
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Culters. DUF., App ied Plamt Anatomy. Longman Press, London.

Fames 12.J. An Intoduction 1o Plan Anatomy. Mcgraw Hill, New Yor.

Aluned. S. The Identification of Angiosperms (Parts T & 1), Govt. College, Lahore.
Cronquist. A. An Integrated System of Classification of flowering plants, Colnnbia
Umiversity Press, Mew York.

Davis, P.H. & Feywood., V.H. Principles of Angiospernm Taxonomy, D Van
Nostrand, Princetion, New York

Jain, 5. MUH. Flora of Karachi. Oxlord Univ. Press Karachi.

Kashyap, S.R. Latore District flore, Punjub University, Lahore.

Nusir, I & Ali, S.1. Flora of Pakistan. Oxtord Univ. Press, Karachi,

Radford, A.E. Vascular Plant Systematics, Harper & Row Publishers, New Yorb.
Stebbins, CLA. Variation and Evolution in plants. Columbia University, New Yaork.
Stace. CLAL Plant taxonomy and Biosystematics, Bdward Arnold. London.
Takhtagan, A Flowering Plant: Origin and Dispersal. Oliver and Boyd, Edinburgh.
Sokal, R. & Sncath, P.H. Principles of Numerical taxonomy, W.H. Freeman &
Company. Sun-Francisco, U.S.A.

Jaiferey. C. An Introduction to Plant taxonomy. Cambridge University Press,
London.

Rajput, M.T., Syeda ST, and Khan K.M. Plant Taxonomy. Nasim Book Depot,
Fanjdani Road, Hyderabad.

Soka K. and Greath P.H. Principles of numerical taxonomy W.H. Freeman &
Compaiy, USA.

Jallery CAn intro duction to Plant Taxonomy Cambridge University, Press London.
Rajput M.T. Syeca ST, and Khan K.M. Plani Taxenomy. Nusim Book Depot
Funjdani Road, Hyderabad.



PAPLER-UX:
PLANT PHYSIOLOGY
1. Water Relations

The soit -plant -amosphere continuum - an overview. Structure of waler,
Physico-chemleal.properties of water. Water in the soil and its potentials. Water in cell
components. Absorption o1 waler in plants (Aquaporins, pathways and driving lorces).
Cell water relations lerminology- Hofler diagram - analysis of change in turgor, water
and osmotic porential with changes in cell volume.,  Modulus of elasticity coefficient;
Hydraulic conductivity. Methods Tor measurement of water | osmotic and turgor
poientials- Pressure chamber, psychrometry, pressure probe, pressure volume curve.

2. Plant Miseral Nutiition

[norganic composition of plant and soil. Absorption of mineral nutrients - roots,
mycorthizae. lon taffic into root. The wature of membrane carriers, channels and
clectrogenic pumps . Pass ve and active (primary and secondary) transports and their
energetics. Bsseutial and beneficial elements - their functions and deficiency symiptoms in
plants. Fertifizers and their significance in Agriculture.

3. Translocation of Iood

Pathway ol translccation, source and sink interaction, materials translocated,
mechamsin ol phivem transport, loading and unloading.

4, Leaves and Atmosohere

Guscous exchange, mechanism ot stomatal movement (pholoactive operiing;
seotoactive closing and scoioactive vpening). Factors allecting stomatal movement,

3, Photosynthesis

History ol photosy hesis. Nature and uaits of tight. Determination of oxygenic
antanoxygenic photosynthesis. Ultrastruchire of thylakoid vesicle. Various pigments and
photosynthetic activity.  Ulirastructure and  composition of  photosystem-I and 1.
Abisorption and action spectra of different pigments. Mechanism of photosynthesis - light
absorption, vharge separation or oxidation of water (water oxidizing clock), electron and
proton transport through hylakoid protein-pigment complexes. Photophosphorylation
ad 1ts meclianis, CO, reduction (dark reactions) - Cy pathway and Photorespiration. Cy
pachway and its different lorms, CAM  pathway. Methods of  mecasurement  of
photosynthesis.
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6. Respiration

Respiratory substrates. Respiratory Quotient, Symthesis of hexose sugars [rom
reserve carbohydrates. Mechanism of respiration- Glycolysis, Oxidative decarboxylation,
kaebs cycle. Electron transport and oxidative phosphorylation. Acrobic and anacronic
respitation. Lanergetics of respiration, Pentose phosphate pathway- Giyoxylate cvdle.
C'ontrol of respiration, Factors affecting respiration. Cyauide resistant respiration,

-1

/. Assimilation of Nitrogen, Sulphur and Phosphorus

The nitrogen cycle. Nitrogen fixation. Pathways of assimilation of nitrate and
armonium ions. Assimilat-on of sulphur ard phosphorus.

8. Plant Growth Regilators

Major natural hormoues and  thetr synthethic analogues. Bioassay, structure.
binsynihesis, receptors and mechanism of action, transport, physiological eficets andd
geae action of Auxins , Gibberciling, Cytokinins, Abscisic acid, Erhylene, Polyamines,
Brassinosteriods, Jasmonat-s, and Salicylic acid.

9. Phytochromes

Discovery of phylachromes. Physical and chemical properties of phylochromes.
Distribution of nhytochion es among, species. cells and tissues and their rofe in biological
PIOCCSSes. '

1. Contirol of Iowering

Aulonomous versus environmental regulation. Circadien rhythms. Classification
of plants according 1o ohotoperiodic taction,- photoperiodic  induction, locus of
photoperiodic reaction and dark periods in photoperiodism. Role of photoperiodism in
lowering. Vernalization and its effect on fowering. Floral meristem and loral organ
development. Floral organ identity genes and the ABC model.

i1, Gene Regulation and Signal Transduction

Ocumine size and organization. Gene tegulation in prokaryotes and cukaryotes.
Signal transductive in prokuryotes and cukuryolces.

Practical

i To wmvestigate the prelerential absorption of tons by corn scedlings and potato
slices.

2. To determing osmatic potential of massive tssue by freczing point depression

method or by an osnometer,



To investigale water potential ol a plant iissue by dye method and water potential
appdaratus.

To determine the volume of CO; evolved during respiration by plant material,

To determine the amount of O, used by respiring water plant by Winkler Method.
Separation of - chleroplast  pigments on column  chromatogram  and  their
quauntilication by spectrophotometer,

To extract and separate anthocyanins and other phenolic pigments from plant
material and study their light absorption properties.

To categerize Cyoand Cy plants through their wnatomical and physiological
characters.

To regulate stomatal opening by light of different colours and pH.

Detenmination ol Kt ptake by excised roots,

Measurement of stomatal index.and conductance.

Qualitative determination of K content in Guard cells by Sodium cobalt nitrite
method.

BOOKS RECOMMENDED

Denmis, O.T, Turpin, D.H., Lelebvre, D.D. and Layzei), D.B. 1997, Pluit
Metabolism. 2ad Edition, Longman Group, U.K.

Dey, P.M. and Harborne, 1.B. 1997, Plant Biochemisiry. Harcourt Asia PTE Lid.
Stngapore,

Fitter, A, and Hay, F.K.M. 2001, Environmental Physiology of Plants. Academic
Press, Uk |

Heldt 1-W- 1997. Plunt Biochemistry and Molecular Biology. Oxford University
Press, Oxlord, UK.

thsan Hlani, 1991 Plant Growth, UG Press, Islamabad.

Thsaun Iani, 1995, Plant Physiology, Biochemical Processes in Plants, UGC Press.
Nobel, 'S, 1999, Physicochemical and  Envirommental  Plant Physiology.
Academic Press, UK.

Press. M.C, Barker, M.G., and Scholes, 1.D. 2000. Physiological Plant Ecology,
British Ecological Sacicty Symposium, Volume 39, Bluckwell Science, UK.
Salistury 1.8, and Ross C.B. 1999 Plant Physiology. Sth Edition. Wadsworth
Publizhing Co. Belmont CA.

Taiz. Loaud Zeiger, £ 2002, Plant Physiology. 2nd Ed. Sinnauers Publ. Co. Inc.
Calit.

W.B. Hopkins. 1999, Introduction 1o Plant Physiology. 2™ Ed, John Wiley &
Sons. New York. ~
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PAPER-VIN
MOLECULAR GENETICS

1. Extensions of Menmdelian Analysis

Varations on domirance, muftiple alleles, lethal alteles. several genes allecting
e same character, peastrance and expressivity.

2. Linkage L: Basic Eukaryotic Chromosome Mapping

The discovery of linkage, recombination, linkage svmbolisin, Jinkage oi genes on
the X chromosome, linkage maps, three-point tesleross, interference, linkage mapping by
recombination 1 humans,

3. Linkage H: Specia: Lukaryotic Chiromosome Mapping Techniques

Accurale calculation of Jarge map distances, analysis of single meioses, mitotic
sepregation and recombination, mapping human chromosomes.

4, Gene Mutation
Somatic versus gerninal matation, rautant types, the occurrence of imutagions,

cancer, mutagens in genetic disorder, mutation breeding. Evolutionary

t

signilicance of inutation.
5, Recombation in Bucteria and theirr Viruses

Bacterial  chromosome,  bacterial  conjugation.  bacterial  recombination  and
mapping  the /ocoli chromosome, bacterial transformation.  bacteriophage  genelics,
transduction, mapping of bucterial chromosomes, bacterial gene transfer.
6. The Structure of IINA
DNA: The genetic material. DNA replication in eukaryotes, DNA and the gene.

7. The Nature of the Gene

How genes work, gene- protein relationships, genctic observations explained by
enzyme structure, genetic e structure, mutational sites, complementation.

8. DNA Function

Transcription, trans:ation, the genelic code, protein synthesis, universitality of
genete information transter, cukuryotic RNA.
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9, Recombinant DNA

Restrichon enzymes, the formation of recornbinant DNA, recombinant DNA
. . i sy eqv
methodology, recombinant DNA and social responsibility.

i, Application ol Recombinant ONA

Apphcavons of recombinant DNA technology using prokaryotes, recombinant
DNA technology in cukaryotes: Au overview, (ransgenic yeast, transgenic plants,
trimsgenic animals, screeaing for genetic diseases, identifying disease genes, DNA
typing, gence therapy, genetically modified organisms and apprehensions.

1. Coatrol of Gene Fxpression

Discovery ol the lue system: negative control, catabolite repression of the luc
operon: positive control, transcription: gene regulation in eukaryotes - an overview.

{2, Mechanisms of Genetic Change 1 Gene Mutation

The molecular basis of gene mutations, spontancous mutations, induced
muiations, reversion analysis mutagens and carcinogens, biological repair mechanisms.

(N Mechanisms of Genetic Change I Recombination

General homologouas recombination, the hioliday model, enzymalic mechanism of
recombination,  site-specific recombination,  recombination  and  chromosomal
redrTangements.

14 Mevhanisms of Genetic Change 1H: Transposable Genetic Elements

Insertion  sequences,  bansposous, rearrangements  mediated by transposable
¢ ements, review of Lransposable elements in prokaryotes, controlling elements in maize.

{5, The Extranuclesr Genome

Variegation in leaves of higher plauts, cytoplasmic inheritance 1 {ungi,
extranuclenr genes in chiamydomonas, mitochrondrial genes in yeast, exiragenomic
plasmids 10 cuxaryotes

LG, Developmental Genetics:

- Gene Regulation and Dilferentiution, Crown gall disease in plants, cancer as a
aevelopmental genetic discase. ‘

17, Human Genome Project



Strategics and application. achievement and future prospects.
8. Plant Genome Projects. |

Arabidopsis, achievernent and future prospects. Other plant genome projects.
19, Population Genetics

Gene trequencies, cotservation of gene frequencies, equilibrium, Hardy-
Wuiaberg taw, faciors aficcting gene equitibrium,

Practical

AL Mumerical problems

I 0. Areangenment of genctic material:
. Linkage and recombination.
b. Gene napping in diplowd.
C. Recombination in Fungi.
d. Recombination in bacteria.
¢ Reconhination in viruses.

il
il elies:

. Gene trequencies and equilibrivm.
b. Chang s in gene {requencizs,

2. Blood group & Rh-fictor.

3. Drosophila

a Culture technique

b, Salivary pland chromosome
4. Fungal genelics

Sacchivmyces calture lechniques and study.

A, Studies on variation in maize ear andd colour variation.
0. Bacterial Genetics.
\
. Bacteral cultural technigues, Gram staining (£, coli, Bosubtiliy)
b. Translormation.

. Conjugation.

2}
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Molecular Genetics: (solation and separation of DNA on Gel electrophoresis.

. Bacterid chromosome

b, Plasmiud DNA (minipreps)
C, Plant DNA

d. Protein analysis (bacteril)

BOOHS RECOMMENDEL

Setlow, JK. 20000 Genetic Engincering: Principles and  Methods.  Kluwe
Academic Publishers.

Lewin 3. 2003, Gene VIHIL Oxford University Press, Oxford, UK.

Fartt, o1, and Jones, E.V. 2000, Genetic Analysis of (Jum and Genomes. Joue:
and Bartlett Publishers, Sudbury, USA

Gelvin, S.B. 2000, Plant Molecular  Biology Manual. Kluwer  Academic
Publishers

Synder, 1., and Champness, W. 2002, Molecular Genetics of Bacteria (2™ ed.).
ASM Press, Washington D.C.

Klug, W.s. and Cunminings. M.R. (1997). Concepts ol Genetics, Prentice Hall
International Inc.

Roth Well, N.V. (i997). Understanding Genetics, second  edition, Oxford
University fress Inc.

Mays, L.1. (1%’!) senetics. A Molecular Approach, MacMillan Publishing,
NY. Cottier Mecmittlan Pubbishers, London., i

Old, B.W. and Primrose. S.B., 1994, Principles of Gene z\mpulzlu()n_ an
Introduction  to Geaetic Eogineering, (4th  edition), Blackwell  Scicntific
Publications.

Gardner, EJ., (1984). Principles of Genetics, John Willey and Sons, New York.
Grilfiths ALLE. and Celbert, WML 2002, Modern Genetic Analysis. Freeman and
Compiny.

Tavarin, R.H. 2002. Principles of Genstics (7" ed.) McGraw Hill.

Snustad, [.P. and Simmons, M.J. 2003. Principles of Genetics (3" ed.). John
Wiley und Sons Iac.

Primrose, S.B., Twyman, RM. and Old, R.W. 2001. Principles of Gene
Manipulation. Blackwell Science.
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PAPER-X1: _
ENVIRONMENTAL BIOLOGY

1. Environment: Introd iction, scape, pressure

Pollution: detinition and impact on hubiiats

. At pollution: Sources and offect of various pollutants (inorganic, organic)
on plants, prevention, control, remediation. Photochemical stmog. Sniog.
Adid ram: 1 Theory of acid rain, 2. Adverse effects of actd rains.
Chloroflurocarbons and its effecis,

b, Water pollution: Major sources of watcer pollution and its umpact on
vegetalion. prevention, control remediation, eutrophication,
¢, Sediments pcllution: fungicide, pesticides, herbicide, major sources of soil

poltution and its impact. Prevention, control remediation. Heavy mefal
pollution. Tanneries. Medical waste. Treatmenis of sewage, sludge. and
poiluted walcrs.

. Noise pollution
C. Radiation poltution (including nuclear): Measurement, classification and
cllects, Principle of radiation protection, waste disposal
3 Foresi: importance, deforestation. desertification and conscrvation
4. Ozone laver:
a. Formation
h. Mecchanism ol depletion
C. Eliects of ozone depletion
. Greenhouse elfect: cuses, impacts,
0. Humaa population growth: impact o1 environment.
7. Hydroclectric dam: short and Jong term destiuctions
. fmpact assessnent: Tndustrial urban, civil deveiopments.
Y. National conservatio strategy: Bricf review of major problems of Pakistan and
their solutions.
Q. Erosion: Definition, ypes. causes and control measures,
I Sustainable Environmental management
12. Water logging and sciinity: hmpact on cavironment and vegelation,
13 Wetlunds and sanctuarics protection: The pressures, problems and solutions.
id. Range management: Fypes of rangelands, potential threats, sustainable

manapement,
Practical

. Exarmination of industrial waste wate - and Municipal sewage and sludge lor

i) Total dissolved solids.

i) pH and EC.

il BODCOD.

iv) Chlorides, carbonate, and MNittates.

Exammation of waler samples forms different sites Tor the presence and diversity
ol organisms.
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Elfect of air pollutants on plants. ,
Visits Lo environmentally  compromised sites and svolution ol remediatic n
methods,

BOOKS RECOMMENDED

Newman. ELL 2001, Applied Ecology. Blackwel! Science. UK

Mooney, HA and Saugicr, B. 2000, Terrestrial Globa) Productivity. Academic
Press, Uk,

Fugene, ED. and Smith, B.F. 2000, Environmental Science: A study of
interrelationships. McGraw Hill- USA.

France, H. 2000. Vanishing Borders: Protecting  the plapet in the e
olglobalization. W.W. Norton & Company, NY.

Hall. C.AS. and Perez, C.L. 2000, Quantifying Sustainable Development.
Academic Press, UK.

Bazzaz, ©.A. 1996, Plants in changiog environmenis: Linking physiologicil,
population. and community ccology. Cambridge Univ, Press.

Bush, M.B. 1997. Ecoiogy ol a changing iﬂune(. Prentice Hall, UK.

Marsh, MW, and Grossa Jr.. .M. 1996 Environmental geography: Science, Ll
ase, and carth systemss. John Wiley & Sons.



Opt, Paper-1:

PLANT TISSUE CULTURE AND ITS AGRICULTURAL APPLICATIONS

Theory:

1) Introduction. the tissue culture revolution.

in Aseptic Techriques.

i Nulritional components of Tissue Culture media.
v} [nitiation and maintenance of callus.

v) Organogenesis: Root and shoot development.

Vil Sumalic embryogenesis.

vii) Micropropagation: Culture of shoot apex - plantlet formation.
Vil Isolation, purification and cuitiure of protoplasts.
iX) Protoplast fusion and somaiic hybridization.

X) Anther and poHen cultures.

X1} Prodetion of secondary metabolites.

Xii) Germplasm conservation.

PRACTICALS:
Aseplic techniques, preparation ol tissue culture media, Initiation and
maintenance of caltus, culture of diverse explants - leal, node, shool apex &
root tip, Isolanon, purilication and culture ol protoplasts.

BOOKS RECOMMENDE!D (Latest editions):

l. HLE Sireet. Plant tissue & Cedl cultures. Blackwell Scientific Publishers, Oxlord.

2, J. Retnert & Y.P.S. Fajay (Eds). Plunt cell Tissue and organ culture. Springer verlag.
Berlin - Heidelberg, - New York.

3. S.5. Bhoywan,, MUK Ruzdan (Eds. Plant Tissue Culture - Theory and Practctice.
Elsevier, New York.
4. JH Dodds & LW, Roberis. Experiments in plant tissue cultuie. Cambridge

Universily Press, London,



Dpt. Paper-iL:

PLANT BIOTECHNOLGGY
Introduction:

Crop Productivity:

i) Plant cell cultare

i) Clonal Multiplication, through. shoot apical merisiem and root tip cultures.
1il) Conservation of Germplasm

iv) Somatic embryvogenesis

V) Somaclonal variations

Vi) Regeneration of haploids

vit) Isolation, vield and regeneration of protoplasts

viil)  Vector constriction, transtormation.

Crop protection:

i) Biopesticids Lor use in agriculture & health scctor.
in) Control of vied discases through in vitro cultures.
i) Microbial  bintechnology for defoxification ol industrial cffluents  and

pesticides waste.,

Bioconve sioi:

i) Lignocellulos - biolechnology

i) Recycling ol cettuiesic biotechinology
i) Mictobial protein production

iv) Fermentation

PRACTICAILS:

Expetiments pertainiag to plant cell culres, protoplast isolation, transformation -
chenucal snd Agrobacterium mediated and some bioconversions.

BOOKS RECOMMENDEN (Latest editions):

(o]

6.

R.W. Old & S.B. Primrose. Principles of Gene manipulation. Blackwell Scientific
Publication.

S.B. Gelvin & RoAC Schilperoot (Ed.). Plant Molecular Biology, Manual. Kluwer
Acadcmic Publication, ‘

LA Withers & PT. Alderson (Ed.). Plant Tissue Culture and its Agricultural
applications. Butierworths,

JoRemert & Y.P.S. Bajaj. Plant Cell Tissue and organ Culture. Springer Verlag.
N.§S. Subra, Rao. O Balagopalan, S.V. Ramakrishnes, (Ed.) New trends in
Biotechnology. Oxto-d & 1BH. Publishing Co.

Commercial Biotechnology, An Interrational Analysis. Elsevier Science Publisher.,



Opt. Paper-Ui:

GENE MANIPUEATION

Theoty:

Section Ar s Techniques:

fntroduction, Agarose gei clectrophoresis, Southern, Northern and Western biotling,
Transformation of I co'i: Transformation of other organisms.

2. Culting and joining DN mefecules.
Cutting  DNA moleules.  Host-controlled  restriction and  modification.
Momenclature, Target sites, Mechanical shearing of DNA.
Joining DNA molecules, DNA ligase, Double-linkers, Adopters, homopolymer
tailing.
Section 13: Cloning £, coli:

KN Pasmids as cloning vehi Jes.
Basic properties of plesmids, Desirable properties of plasmid cloning vehicles,
Uselulness of ‘natural’ plasmids as cloning vehicles, PSCLOL, PBR322, low copy
number plasnid vectors :

4, Bacteriophape and cosmid vectors for B, coli.
Bacteriophagze, cosmid vectors, DNA cioning wilh single stranded DNA vectors,
{ilamentous phage vecters, M 13,

3. Site-directed mutagenesis,

h. Analysing DNA sequenes.

/. Cloning straegies, Genomic DNA tibraries, chromosomne walking, cDNA cloning.

3. Recombmant selection @ nd screening,
Genetic methods, immu ochemical methods, Nucleie acid hybridization methods.

9. Expression an Lo coli. of cloned DNA molecules. The effect of plasmid copy
number, plasmid stability.

A0, Applicat.ons ol recombinant DNA technology.

PRACTICALS:

. o coli Cubture and grow th curve
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Traaslormation of Plasmid DNA (o £, coli.

Comugation. ,

Extraction of plasmid DNA.

Gel electrophotesis. Detection of plasnid DNA on gel electrophoresis.
tolyacerviamice gel eleciophoresis. Detection of bacterial proteins.

BOOKD KECOMMENDED (Latest editions):

R.W. Old and »5.B. Primorse. Principles of Gene Manipulation. An Introduction o
Genetic Engineering. Blackwell Scientific Publication.

K.G. Hardy, Phismid, A Practical Approuch. IRL Press at Oxford University Press.
DML Glover, DNA Cloning, A Practical Approach {Volume [, {1, 11}, IRL Press.

1. Sambrook, LF. Fritsch and 1. Maniatis, Molecular Cloning, A Laboratory
Manual. Cold Spring Harbor Laboratory Press.

T.AC Brown. Gene Cloning, Anintroduction. Chapman-Hall.

D.SCT Nicholl. An - Introduction to Genetic Engincering. Cambridge University
hess.

k. Thro. Genetic Engincering, Shaping the Material ol Life. Facts on File, New
York.

R Witliamson. Genetic Engineering, (Vol 1-1V), Academic Press.

Prunrose, 5.6 Twyman, RM. and Old, R'W. 2001, Principles of Gene
Manipulation. Blackwell Science. !



37

Oni, Paper-1V:
MICROBIOLOGY

History ol Microbiology; origin of micro-organisms;  classification of
bacieria; ultia structure ol bacterial cell; reproduction in bacteria; natural distribution: of
micro-organisias. (bacteria) in soil, air, water, sewage, rumen, intestinal tract, Hot springs
cold environments: characterstics ot psychrophylic, mesophilic, and thermophilic bacteria

N

Isolation melhods for oblaining pure cultures of bacteria; morphology of
Bacteria: simple and differencial stains: microscopic methods for the sutdy of bacteria, light
microscope. phase contrast, fuorescent, dark field and electron microscope.

Bacterial growth; growth curves: growth on soil media and liquid media,
balch and continuous cultures; nutritional requirements of bacteria, such as carbon, N,
vilamins, amino acids, purires and pyrimidines, ete.; effect of temperature, pH, oxygen,
surface tension, osmotic pressure, nutrition; ultraviolet radialion on the growth of bacteria.

Metabolic pathways in bacteria, tricarboxylic acid cycle, pentose phosphate
pathway, yeast alcohol fermentation; bacteriat alcohol fermentation; catabolite repression
and feed back inhibilion,

Introduction  to unmunolo Qe

. vernornlees taalierais
................ a2y: Sped i

11111Lliiiiy;
nd other forms of
senstivity: scrological tests such as agglutination,  hacmagglutination, ncutralization,
conplement fixation etc. Microbology of waicr, {oods, milk and dairy products; air and soil.

Some importent bacterial genera and diseases. mycobacterium (TB), brucella
(breeellosis), shigella (Shigellosis), salmonella (salmonellosis), streptococet (septic sore
threat), staplilococet (mylidis), pasterclla (pasterrlellosis), vibrio (vibriosis) Industrial
application ol bacteria.

General charecteristics of viruses, multiplication and chemical composition
of viruses; techniques for the coltivation of viruses, viral diseases such as polio, rabies,
mlaenza, mumps, measles: bacteriophages.

PRACTICALS:

L Preparalion and sterilization of culutre media, solid media, semi-solid media, liquid
media.

2. Inoculatien (echniques lor bacterial isolation.

3. Gram staining; acid fust staining; capsale and spore staining,

4, Isolation of bacteria [rom throat, facces, pus, uring.

5. Eaumeration of the nimmber of bacteria {rom waler, air, soil, foods.

i, Growih of bhaclerta 1 baich cultures.



3.
9
1.

38

(ntfucnce of wmperature, pH, carbon source on the growth of bacteria in betch
cultires,

Growth in continuous culture.

Shide and tube agglntination tests,

Bacieriophage isolation.

BOOKS RECOMMEND £ (Latest editions):

Bucdons and Williams. Microbiology. MacMillan Company.

frobisher. Hindsdedl, Crabtre, Goodheart. Funamental of Microbiology. Topan
Company, Tokyo, Japan.

Anderson and Sobieski. fntroduction o Microbiotogy . C.V. Mosby Company. St
Louts, Toronto, London.

Paut Edmunds. Microbiology. MacMillan Publishing Company. New York.

Alice Lorrane Smita. Microbes and Pathology. C.V. Mosby Company. London.

AL Salle. Laboratery Manual of Fundamental Principles of Bacteriology. McGraw-
Hill Book Co.

Koneman, Allen, Sommers; J.B. Color Atas and Text Book of Diagnostic
Microbiology. Lippincott Company.

Bailey and Scoul. Diagnostic Microbiology. C.V. Moshy Company.

Wilson and Miles. Toplevs and Wilson's Principles of Bacteriology, Virology and
imimunoiogy. Butler and Tomer Lid.

Wiltianm & Wilkins. Bergeys Manual ol Bucteriology. Naverly Co. Baltimore.



i, Paper-V:
ENVIRONMENTAL BACTERIOLOGY

L tntroduction.

2 Methods of Microb ology.
Pure culture technique,  sieribzation,  culture  media, selective media, light
microscopy,  phase contrast — wicroscopy.  uorescent  microscopy, — electron

WiCroscopy.

3 Bacterial morpholony, cell structure and reproduction.

4 Bacierial growth,

3. Basis ol classfication and major proups ol bacteria.

0. Elfect of environmental factors on bacteria) growth.

7 The environment and pollution: Introduction, envirommenlal laws,

3 Molecutin approacles to environmental management.

4 Sources and forms of potentially toxic metals in soil plant system.

. Microbial resistances to heavy metals.

L Bacterial transfornations of heavy metals.

i Effects of heavy metals from scwage sludge on soil microbes in agricultural
ccosystem,

L3 Environmental hazards from the genetic texicity of inctal ion.

L The importance of penclic exchange in degradation of xenobiotic compounds.

. Bioremediation {eeanoiogies.

PRACTICALNS:

| Preparation and sterilization ol cultire media, solid media, semi solid media, liquid
media, agar stopes, streak plates, poar plates.

2 Stuning technigues; Simple staming, negative staining, gram slaining, spore
slaining, capsule stining,.

3. Cult techniques: Culture transter technigues. isolation of pure cultures, serial
dilution, agar plating procedures to quantify viable cells,

1S Cullivation ol baclesia; Nutritional requirements, routine and selective media, Effect
ol temperature and pH on the growth of bacteria, bacterial growth curves.

5 Biochemical _activities ol bacleria: Starch hydrolysis, Oxidase, Indole production
test, Methyl red test, Urcase test. Nitrale reduction test, Oxidation [ermentation (est,

0. Bioremediation from culture by metal resistant bacteria.

7. Elfect of bactera in stimulating plant growth under metal ion stress.

. Biodegradation of ydrocarbon (Beazene or xylene) by spray plate technigue.

FOOKS RECOMMENDED (Latest editions):

{ R Mitchell. Environmental Microbiology, Wiley Liss, A. John Wilcy & Sons, Inc
publication.
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WAL Volk. Basic Microbiology. Harper Collins Publishers.

MU FPelernr, BLOS. Chan, NR. Kricg. Microbiology. MecGraw Hill.

. Edwards, Microbiofogy of extreme environments (Environmental Bacteriology),
MecGraw Hill,

R. Mischell New con epts in Environmentul Microbiology, Alan R. Liss.

ICE, Trgolic and Mart:H, ALK, Eavironmental Inorganic Chemistry. VCH Publishers,
Inc. Deertield Beach, Florida.

G.5. sayler. Fox, R, Blackburn. J.W. Environinental Biotechnology for wisic
treatements, Plenum publishers. Co.

R.K. Poole and G.M. Gadd. Melal-Microbe Inferaction, IR1. Press.

5. McEldowney, DJ. Hardmen, S. Waite. Pollution: Eeology and Biotreatmerd,
Longran Scientific Technical.

M. Alexander. Biodegradation and Bioremediation. Academic Press, Inc.

5.M. Ross. Toxic metals in Soil Plant Systems. John Wiley & Sons.

TR, Johason and L. Case. Laboratory  Experimenis in Microbiology. The
Benjumun/Cummings Publishing Company Inc.

LG Cappuccino and N, Sherman, Microbiology, A Laboratory Mannual. The
Benpamin/Cummings Publishing Conpany inc.

J.GLTolt, NLR. Kricg, P.H.A., Sncath, )T, Staley and ST Williams. Bergeay's
manual of Delermina ive Bacteriology . Williams and Wikins.

Gerhardt, R.G.E. Mt ray, W.A. Wood and Krieg, N.R. Methods for General and
Molecular Bacteiology. American Society lor Microbiology, Washinglon, 1D.C.

i



Ont. Paper-yi:
APPLIED PALEOPALYNOLOGY
. Introduct:on - Scope and lmportance.

Geologieal Time Scale. Rock types. Paleozoic and Mesozoic sedimentary outcrops
ol the higher and Le sser Himalayas.

3. Palvnomorphs in il and gas exploration and in Stratigraphic  Correlation.
Geochronology.

4, Palynomorphs as sedimentary particles. Prescrvability in scdiment. Vegelational
analysis from pollen analytical data, "Stratigraphic leak” and Reworking. Post
Depositional alteraton of palynomorphs, Marginal palcopalynology. Shell Code,
Ultra structure of Exine. '

Coul, Formation and Classification.

< tn

O, Gondwanaland Palynofloristics - Formation and  sequence  of breakup  of
Gondwanaland and its affect o the flora.

Principles of Stratig aphy: Principles of Stratigraphic classification. Introduction 10
various Stratigraphic Units, Biostraiigraphy. Fossils as a basis for Stratigraphic
subdivision. Concepr of Stage and Zone. Biostratigraphic Units, pricipal categorics
of Zones. limportance of palynostratigraphy in Geochronology Correlation. Index
ity nomorphs.

§l

PRACTICALS:

L Map reading, use of linomeler and ocher instruments in the ficld.

2. Ficld survey of Mes szoic and Pulcozoic sedimentary outcrops of the higher/Lesser
Himalayas. A

3. Vatious 1echnigues employed in identification ang sampling ol sedimentary rocks
including section me ssurernent.

4. Lithological desceript on of sedimentary rock Samples.

5 Obscrvation, identification, techineal  and systematic description  of (e

palynomorphs throug.h Bulk and Pow:fer maceration.

6. Preparations of strew mount and single grain slides.
7. Polaroid/Cross Nickol Microscopy.
K. Preservation and calaloguing of palynfiory,

Candidates shall be cequired 10 submit o "Technical Report™ at the time of Practical
examination covering all aspects of ficldwork accomplished.

BUOKS RECOMMENDE D (Latest editions);

L A Traverse. Paleopalynology. Unwin Hywun Lid.
2 Straligraphic Memoir's of Geological survey of Pakistan. Vol. |2,
3. D.N. Waglin, Geology of India. Tata McGraw Hill Publishing Co., New Delhi Tndia.

4, Andrews, FLN. Ancicn plants and the World They Live in, Comslock, Ithaca, N.Y.
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Dunbar, C.O. Historical Geology. Wiley, New York.

Seward, Hatner & Co. Plant Life through ages.

Stratigraphic Code of Pakistan. Memoir's of the Geological Survey of Pakistan. Vol.
1V, Pan.l.

Qasim Jun and A.A. Kazmi. Geotectonics of Pakistan.



Opi. Paper-VH:

ADVANCED PLANT ANATOMY

hvory:

9.

t.

The Cell Wall: Gross microscopic structure , chemical composition of walls,
microscopic and submicroscopic structure, properties of walls, formation of walis,
formation of intercellular spaces.

Apical neristems: Vegetative shoot apex, shoot apex of vascular cryplogais,
gymmosperms and angiosperms, reproductive shoot apex, origin of branches.

"The cpidermis: Study of epidermis with special reference to trichomes and stomala.
Xylem: The vessel element, morphological specialization in vessel element,
organographic and otogenetic specialization of vessel. Sceondary Xylem, growth
rings, imperforate (racheary clements, vessels, vascular rays, axial parenchyma.
Xylem phylogeny.

Phlocm: The Primitive sieve elements. Evolution in sieve tube elements. FEvolution
in phloci as a lissuc. :

P
'

Secretory structures; Sxternal sceretory structures, secretory cells and spaces.

The Periderm: Conc ept, occurence, characteristics of the components, place of
origin of phellogen, initiation and activity of phellogen, time of origin of phellogen,
physiologic aspects of periderm formation, morphology of periderm and rhytidome,
protective tissue in mounc-otyledons, leaticels.

The Stem: Concept. origin of slem., external morphology of the shoot, tissue
syslems, pamary vascular svstem, the concept of the stele, detimitation of the
vascular region, primary vascular ditlerentiation, secondary growth of the vascular
system, types ol stem, anomalous secondary growth.

The Leal: Coneept, morphology of the foliage leaf, histology ol angiosperm leat,
histology of gymnosperm feal, development of leaf, ubscission of leaves, venation
pattern, bundie sheath and bundle extension from an ccological point of view.

The Root: Concept, origin, morphology, primary structure, development, structure in
relation Lo function, compdrative structure of shoot and root, vascular connection
between shoot and reot, coneept of the transition region, structure of the transition
region, morphologic significance of the transition region.
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KN ‘The Flower: Concept. structure. origin andidevelopment, abscission.

12 The_Fruat; Delinition and classification, fruit wall and pericerp, histology of the ruit

wall, abscission.

. The Seed: Seed in relation to ovule embryo, storage lissue, seed coal, nutritional
aspects in seed development,

i Econoniic aspects ¢! applicd plant anatomy.
L. Ecological anatomy .
PRACTICALAS:

L. Examination of staminal hairs of 7radescantiu {or the study of primayr cell wall,

cytoplasin, nucleus, cytoplasmic streaming and vacuole. Leaf mesophyll cells and

cortical cells of cartot for the study of plastids. |

Important staining ceactions for the identification of different wall layers, study of

stmple pits, bordered pits and half bordered pits.

Apical msetistems: Stained preparations of the stem apex of Ricinus. Nigella, Ficus,

Pelargonium, Clerodendron, Salvia, Eugenia and Cucurbita for the study of

different growth zones. Stained preparation of rool apices of bean, mustard, maize

and Eichhiorniu for he study of root apex. :

4, Study of epidenmis with special relerence to stomata and epiderinal aépcndagc&
Study of Flicus, Hydrilla, Nerium, 1 yrus, £'runus and Tradescantia leaves.

5. Xylem: Study of primary xylem and secondary xylem in knema, cose, maize,
Curcubita, Ranunculus, sunflower. Study of wood of shisham, Pinus and Mango.
Study of macerated materials of common woods,

0. Phloem: Study of primary and secondary phloem in Cucurbita, Pinus, shisham and
Luenia.

7. Study of the transverse sections of reot, stem and leal of commonly available plants.

8. Stucy of venation Datterns ol leaves of different plants from stained and cleared
malcrial,

4. Study of stamens ol Hibiscus, Ricinus, Nymphaca, Brassica, buttercup, Dature and

Casia from cleared as well as sectioned material.

Study of placentation of Brassica, Rose, Silene, Asphodelus Nymphaea and

sunflower,

e

—

BOOKS RECOMMENDED (Latest editions):

i Bailey, LW. Contritbution to plant anatomy . Waltham, Mass., U.S.A.

2. Carlyuist, S. Comparative plant anatomy. Holt Rinehart & Winston, New York.

3. Cutler, D.F. Anatoiry of the monocotyledons. 1V, Juncales Claredon Press Oxford.
4. Catler, D.F. Appiiec plant unatomy. Longiman, London.

5. Eames, AL Morphclogy of the angiosperms. MecGraw Hill, New York.
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Fames, AJ. and Mucdaniels, L.H. An introduction o plant anatomy. MecGraw Fill
New York.

Esau K. Phant anatomy, Wiley, New York,

Fiahie A, Plant anatoy. Pergamon press, Oxlord.

Foster, A8, Practicd plant anatomv. Van Nostrand, New York.

Jeferey, €07 The anatomy of woods planis. Univ. Chicago Press, Chicago.
Melcalte. C.R. Anatomy of the Menocotyledons. 1. Gramineae. Clarendon pross,
Oxiord.

»

Melcalle, CR. Anatomy of the monocotyledons V. Cyperaceae. Clarendon pross,
Oxlord.

Metealle, C.R.and L. Chalk. Anatomy of the dicotyledons. Vol. 1. & 11, Clarendon
press, Oxdord.

Tomiinson, P.B. Anutomy of the munocotyledon. (1. Clarendon press, Oxford.
Zahur, M.S, Comparative study of the secondary phloem of 423 species of woody
dicotyledons belonging to 85 families. Cornell University Press, Ithica - New Yok
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Dpt. Paper-VIiI;

)

g,

10.

BIOLOGY OF IMPERFECT FUNGI
Lectures 75+5
Introduction. concepls about taxonomy and morphology, classification.
Perfect/Imperfect state: (Anamorph-Telcomorph Relationships).
Concept of form gener.
Convergent and Divergent Evolution.
Patterns of Conidial Development.

Conidial Morphology in relation to habrat.
Significance of Tetraradiate/Sigmoid shapes.

Aquatic Fungi limperte:ti.
Aquatic habitats. ;
- Role in aquatic ccosystem.
Interactions with invertebrates,
Hyphomycetes as intermediarics in encrgy flow.
Biodiversity of aquatic hyphomvcetes.
Effects ol substrate availability, scasonal variation and physicochemical
Charucteristics of water on growih and sporulation of aqualic hyphomycetes.
Ecological techniques for trapping aquatic hyphomycetes, merits/demerits ol
cach,
Cobonization patierns on leaves/wood  and concept of carly and laic
colonizers,
Clommunitics o aquatic hyphomycceles in different ceological environments.
rrection ofan Association Table from raw data.
- Hileet of envircnmental factors on the constitution of aquatic hyphomycete
communitics.

Actro-aguatic Fungi Imperiecti.
- Biodiversity of Jero-aquatic fungi imperfecti.

- Lolonization and ecology of acro-aqualic fungi imperfecti.

Predaceous Fungi Imperfect].
Nematophagous fungi, biological control.,

Plant pathogenic fungi :mperfecti.
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tapottant liscases caused by imperiect fungtwith reference 10 the lollo ving

groups:
. Seed borne Fung; lmperfecti.
- Seed borne dematinccous hyphomyceles.
- Seed borne coelomycetes.
0. Soil borne (ung; impertecti.

PRACTICALS:

[

~p

s

Study of aquatic byphomycete species in a stream {temperate) and a canal (s:om-
tropical) cecosysterr with details of their taxonomic characters,

Study of different techniques 1o (rap aquatic hyphomycetes with caleulation of
frequencies and RIY {relative importance values) ol various species.
- Water filtratjon,
- Leal Baits

Woody Bai s
- Foam
Study ol the eflect of aeration and pH on the sporulation of aquatic hyphomycetes.
Study of acro-uquatic fungt impertecti and the details of their taxonomic characters,
Culturing of aquatic and daero-aquatic fungi imperfect using different techpiques.

Study of nematophagous fungi impe:fecti.,

Culture studies of various soil and seed borne lungi imperfecti with details of their
taxonomic charactes,

Culture studies of various seed borne fungi imperfecti with detail of their taxonomic
characters.

BOOKS RECOMMEN DLED: (Latest Edi tions)

1

-

A

T Webster, Intcoduction 1o Fungi. Cambridge University Press New York.

G.T. Colrand B. Keadrick. Biology of Conidial Fungi. Academic Press, London.
G.C Carroll and DT Wickiow, The Fungal Community. Marcel Dekker, New
York

. Barlocher. The Ecology of Aquatic Hyphomycetes. Springer Verlag, New York.
N.J Dix ind J. Webster. Fungal Ecology. Chapman & Hall, London,

G.N. Agrios. Plant Pathology, Acadernic Press, New York.
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Opt. Paper-IX:

MYCORRHIZA

Myvcorrhizal symbiosis, nature, classilication.

Section 1: Vesicular arbus-ular mycorrhizas

! The symbiomis forming VA mycorrhizas

2. Colonization of roots and anatomy ot VA mycorrhizas

3. Genetic. cellular and molecular interactions in the establishment of VA mycorrhizas
4. Growth and carbon cconomy of VA mycorrhizal plants

5. Mincral nutrition, heavy metal accumulation and watter relation of VA mycorrhizal

plants

Section 2: Kctomycorrhizas

[ Structure and development of ectomycorrhizal roots

2. Growth and carbon cconomy m ectomycorrhizal plants

3. Nitrogen nutrition of ectomycorrhizal plants ‘
4. Phosphorus nutrition ol ectomycorrhizai plants j
5. Ectendornycorrhizas -features of infection |

Sertion 3: Mycorrhizas in 1he ericales

l. Arbutiod and monotiopoid mycorrhizas-Symbionts and features of inlection
2. Ericoid mycorrhizas- Symbionts and eatures ol infection

Section 4: Orchid mycorrhizas-Symbionts and features ol infection

Section 5: General themes

I uplake transtocation ind transfer of nutrients in mycocrhizal symbioses

2. The roles of mycorrhizas in ceosysiems

: Vesicular arbuscular mycorrhizas in agriculture and horticulture

4. Myccrrhizas in managed environmeats: forest production, interactions with other
micreorganisims and pollutants

5. Mycerrhizas as myccbio indicators.

PRACTICALS:

I Bausic techniques for studying VA nyycorrhizal and ectomycorrhizal associations.
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Processing and staining ol plant materials (roots and portions other than roots) for

study of intramatrical VA mvcorrhizal structures.

Sample storage, siorage of processed and stained ptant materials,

Extraction of spores of Glomalean fungi from soil and their identification follow ing

synoptic keys.

Shide preparation of stained plant-miaerials and spores.

Microseopic studies ol mycorrhizal orgmns and method (o estimate hyphal qu; th,
extent of colonizaticn and frequency of mycorrhizal infections.

Interaction studies with 1oot infecting fungi and bacteria.

[solation, culture and anatomical studies of ectomycorrhizas

Inoculation and synthesis of cctomycorrhizas on tree scedling and cuttings.

Field and pot experiments using variable inocula (o study plant growth responses te

mycorrhizas.

A field survey of VA mycorrhizal plants in acidic, ulkaline and saline arcas.

BOOKS RECOMMENDID: (Latest editions)

~,
RN

wn

0.

Smith, S.E. aud Read, DJ. Mycorrhizal Symbiosis, Academic Press. Hartcourl
Brace & Company Fublishers. New York.

Gianinazzi-Pearson and Gianinazzi. S. Physiological and Genctical Aspects of
Mycorrhizae. UNRS, INRA, Dijon.

Varma, A. and Hocx, B. Mycorrhizi, Structure, Function, Molecular Blology and
Biotechnology. Smm;u -verlag, Berlin, Hetdelberg, New York.

Allen, M.F. Mycarrtizal Functioning, Chapman and Hall, New York, 1 (mdon
Norris, L.R., Read, D.J. and Varma, A.K. Techniques for the study of mycorrhiza.
f\/hunlnulnpy Volume 24. Academic Press, Hartcourt Brace & Company
Publishers, New Yoik.

Sanders, FE., Mossc, B. and Tinker, P.B. (cds). Lndomycorrhizas, Academic Press,
Hartcourt Brace & Company Publishers, New York.

Cooke, R.The Biology of Symbiotic Fungi. John Wiley and sons, New York.
marks, G.G. and l&()l()lowshz FF Bctomycorrhizae: their ccology and physiology.
Academic Press, haricourt Brace & Company Publishers, New York.

Schenck, N.C. (ed.) Methods and Principles ol mycorrhizal rescarch. The American
Phytopathological Socicly, St. Paul, Minnesola.

Allen MLE. The Ecology of Mycorrhizac. Cambridge University Press, Cambridge.
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Opt. Paper-X:

6.

FUNGAL PLANT INTERACTIONS

Fungal tife styles:

Introduction: vegetative growth and developinent, hyphal structures, cell wall:
feonmiponents, extension,  synthesis), dimorphism, colony and colony  growth,
duplication cycle, membrane transport processes, exploitation of nutrient resources,
role of enviconmental f1ctors, autolyis, reproduction, fungal strategies (saprotrophs,
necrotrophs, biotrophs).

Plants as an environment:

Plant cells and tissues as an environment (stems, roots and leaves), plant surfaces,
development  of  fungal  communitics  and  succession. Colonization  and
decomposition of leaves. Development of ungal communities on herbaceous stems
and grasses. Colonization and decay of wood.

Lffect of fungi on plan{ heaith:

Nutrition, Effect of environmental condition on plant health, plant responses to

biotic/abiotic influences, disease symptoms, control of plant diseascs. |
Fungal plant confrontation:

Introduction. fungal invasion, mechanism of disease resistance.  Prepenetration,
penetration and posi-penetration phenomenon.

Effect ol pathogenic fungal invasion on host plant physiology:

tntroduction, physiological changes in host plant tissues, effect of invasion on plant
growth.

Mutualistic symbioses:
Introduction. Mycorhizal symbiosis, lichens, cndophytic symbioses.

Role of biotechinology in the study of fungal plant interaction:

Introduction, discase resistance through breeding, tissue culture and molecular
biology. Biocontrol of fungal plant pathosens and weeds using other fungi.
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PRACTICALS:

i

Y u

Study and isolation of commaonly found plant pathogens.

Isolation and detailed culture studies, reinoculation experiments of plant pathoyens
fnvolved in various economically umportant diseasces.

Isolation ol soil furgi and study of their interaction with other tung.

tsolalton ol mycoparasites from soil and disease lesions.

Muitiplication of mycoparasites on culture media and substrates and assessment of
their efficiency in suppressing the disease incidence.

Field study of ecto-mycorrhizal association of plants.

Processing ol roots, scale-leaves, decaying sheathing leaves for the assessment of
VA myveorrhizae.

Synthesis of VA nivcorrhizae in plants from spore and root inocula.

Study ol inoculum Sotential of various types ol inocula.

Assessment of plant growth response 1o mycorrhiza.

Marphological, microscopic, biochemical studies of some lichens coliccted from
northern areas ol Pokistan,

BOOKS RECOMMEND KD: {Latest editions)

0.

”I‘

Vanderplank, J.F. Host-Pathogen Interactions in Plani Discases. Acadenic Press,
New York, London

Ghalfar. A and Shahzad. S. Status of Plant Pathology in Pukistan. Department of
Botany, University »f Karachi. Puakistan. :

Dix. N.J. and Webs er, J. Fungal Ecology, Chapman and Hall Ine. :

Varma, A. and Hock, B. Mycorrhiza, structure, function, molecular biology and
biotechnology. Springer-Verlag, Berlin, Heidelberg, New York.

Cooke, R. The Biology of Symbiotic Fungi, John Wiley and Sons, London, New
York.

Alexopuulos, CJ., Mims, C.W. anil Blackwell, M. Introductory Mycology, John
Wiley and sons, London, New York.

Smith, S.E. and Read, D.J. Mycorrhizal Symbiosis, Academic Press, Harcourt Brace
and Company, Publishers, London, New York.



Opt. Paper-X1:
PHYSIOLOGY OI' FUNGI

Lultivation and growth of fungi: Growth forms and morphogenic patterns. Effeci of
environmental factors (biotic and abiotic) on tungal growth,

Waler relations: Effect of soil subsirate and atmospheric moisture contents on the
colonization and growth of macro and micro fungi. Physiology ol adaptation to growth al
low waler potentials and osmoregulation in fungi: Phoenicoid fungi, thermotolerant and
peychrotolerant fungi. xerotolerant and osmotolerant fungi/Marine fungi.

linzymes: Amylases. Proteases, Peclinascs, lipases, Aspartyl profeuses, penicillin acylases,
factases.  cellulases,  amyloglucosidases, Role  of  fungi in  biodegradation and
biodeterioration, cellulytic 1ctivity of fungi, economic importance of enzymes produced by
fungs.

latrition in fungi: Carbor., Nitrogen and inorganic nutrients including essential macro and
micro nutrients.

i

i

Vitamins and growth factors: Their requirenient and effects on growth and reproduction.
Physical factors affecting spore germination, growth and reproduction: Effect of
plysical faclors like tempesature, light intensity and pH on spore germination, growth and
reproduction in (ungi.

Carbon metabolism: Carbon sources used by fungi and their utilization.

Plosphate metabolism: Sources of phosphorus used by fungi and their utilization.

Respiration: Energy production, glycolyses and fermentation pathways, Embden-Meyerhof
Parnas pathway, hexose mosophosphate pathway, Fermentalion pathways.

Ph ysiology of reproduction: Asexual and sexual reproduction, hormonal syslems in fungt.
he erothalisin, parasexual lile cycle, dormancy.

Fungal metabolism:  Corymercially important fungal mctabolites, Acelate pathway,
shikimic acid pathway, lichcn products, phytotoxins, aromatic metabolites.

Fungal merabolism: Commercially important fungal metabolites, Acetate pathway,
shikimic acid pathway, lichen products, phytotoxins, aromatic metabolites.

Medicinal and poisonous fungi.
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Physiology of symbiosis and parasitism.

Applied fungal physiology

PRACTICALS:

I Cultivation of fungi »n ditferent media and substrates,

2. Growth of fungi on different carbon sources.

3. Growth of fungi on different nitrogen sources, both organic and inorgarnic.

4. Izlfect of pH on growth and spore production in fungi.

5 Effect of temperature on growth and spore production in fungi,

0. Effect of vitamins or: growth of fungi.

7 Effect of viher essen iul element (including trace clements) on the growth of fungi.
8. Effect of imoisture ard temperature on Spore germination.

9. Study ol some by products of fungi such as alcohol, organic acids and antibiotics,
10, Study of fungal interaction on culture media,

BOOKS RECOMMENDED: (Latest editions)

1.

Gianinazzi-Pearson and  Gianinazzi. S. Physiological and
mycorrhizac. CNRS, INRA, Dijon.

Cochrane, V.W. Physiology of [ungi. John Wiley and Sons Inc. London, New York.
Allen, M.F. Mycorrhizal functioning, Chapman and Hall, New York, Londpn.

Lilly, V.CC. and Barnett, J. Physiology of fungi. Macmilluan Company. ‘

Dix. N.J. and Webster, J. Fungal Ecology. Chapman and Hall. :

Woly, F.A.and Woli, F.T. The fungi. Vol.li Academic Press, New York, London.
Tiaz, 1. and Zeiger, E. Plant physiology. The Beajamin/Cummings Publishing
Company, Inc. New York.



Opt. Paper-X1i:
WOOD DECAY FUNGI

Introduction: Colonization and decay of wood; wood as resource, colonization of woody
tissue, types of wood rots, water relations, fungal biodeterioration and biodegradarion,
substrate-invader interactions.

[rungi involved: Macro and microfungi, Taxonomy and classilication.

Structure of fungal communities: Introduction, development of fungal communirics,
Succession,

Economic  Importance: [ntroduction, damages caused (o timber/wood  and  related
industries.

Role in carbon cycle: Introduction, fungi as recyclers and their role in major cCosystem
Lypes of Pakistan.

"Taxonomic description and characterization of important wood decay fungi:
Distinguishing features of specitic families, key to families. Ecological and gecography
distribution, morphology and taxonomy of basidiocarp, hyphal analysis, | hymenial
configuration, taxonomy of spores, distinguishing fealures and description of genera and
important specics under each genus and key 10 genera and specics.

-Auriculariaceae: Auriculiria: Septobasidium; Helicobasidium and Uredinella.
-T'remellaceae; Tremella; Exidia; Tremellodendron; Phlogiotus and Psuedohydnum.
~Dacrymycetaceae: Dacrymyces; Cerinomyces; Calocera; Dacrymitra; and Femsjonia.
~Thelephoracene: ExobasiJium: Thelephora, Stereum; Corticium; and Peniophora,
~Clavariaceae: Clavaria; Clavulina; Pistilara; Pterula and Ramaria,

~Hydnaceace: Hydaum; Hericium; Echinodentium: Astrodon and Phiebia.

-Folyporaceae: Polyporus; Lenzites; Tremales; Ducdalea; Fomes and Irpex.

-Agaricacene: Agaricus; schizophyllum;  Pleurotus; Armillaria; Volvaria; Marasmius;
Paxillus; Pholiota and Clityocybe;



PRACTICALD:

I Study of wood deceying fungl.

Y Study of sieeession al patterns ol common wood decay (ungi in natural habital.

1 Study of their growth and morpholog

b Morphology of basidiocarp, hyphal Aﬂd|y\|‘§

5. Taxonomy of hymenium. spores and preparation of spore prints.

0. Taxonomic studics and identilication of some commonly oceurring wood dcmy
species (ungt.

7. Cotlection and prescrvation of 25 specinens.

BOOKS RECOMMENDID: (Latest editions)

b Dix. N.I. and Webster, ). Fungal Ecology, Chapman and Hall Inc., London, New
York.

2. Alexopoulos, Gl Mims, G.W. Introductory Mycology, John Wiley and sons,
London, New York.

53 Khan, AL Patholozy of Trees (vol. | & 1T). University of Agri. Fsd.

4. Ahmad, S. Fungi of West Pakistan. Biol. Soc. Pak. Monograph [: 63-78.

3. Ahmad, S. Fungi of West Pakistan. Biok. Soc. Pak. Monograph V: 39-46.

0. Almad. §. 1980, A vontribution to the Agaricales of Pakistan. Bulletin of Mycology,
1:35-90,

7. Moore - Landecker, I, Fundamentals of the Fungi. Preatice Hall Inc. NI

3. Sureek. M. The Hamlyn Book of Mushrooms and Fungi. Hamiyn. Lond(m%, N.Y.

Y, Dic kms('n C.and J. Lucas. The Encvclopedia of Mushrooms. Otbis Pub. l ondon.

0. Fergns, C.L. Hustrated Genera of Wood Decay ffungi, Burgess Publ. Co. -
Minncapolis.

i Overenths, 1.0, The Polyporaceae ol United States, Alaska and Canada. University
Micli, Press. US.A.
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