b)

d)

The extensive sequences (Gly-2-Projy or (Gly-2-
triple-helix, in which X 15 any amino acid.

(1)

(11)

(i)

(a)

(b)

(c)

LIFE SCIENCES
PAPER I

Draw a graph that will represent the following equation:

Y
dt

Describe a method to determine surface area of a leaf without using any
i strument.

Water 18 often contaminated by a vanety of tonic impurities. What 1z the
kest method to determine purity of a sample of water?

¥ ou have to testif ponds &4, B and C differ significant
productrvity. What statistical test should be applied
choice of the test. \

T primary

Why tnust Gly be present in every t

Iy,
Wch are responsible For holding three

of the collagen heliz differ from an c-helix in terms
cteristics?

ent was done to detenmine the effect of compound ¥ on the
iical reaction & +B — C Ttwas found that in the presence of T,
very ittle, if any, product C was formed. Howewer, on increasing the
concentration of &, C could be detected. Explain the effect of Y on the
reaction.

Describe an approach by which secondary structure of EMA molecules
can be venfied

How would you determine the aggregation state and shape of a biomactao-
meolecule in solution?

Hata? Tustify yvour

fabilize the collagen

(3)

(3)

(3)

(3)

(3]

(4

(3)

(<)

(3)

(3)



a) What are the two tautomeric forms of cytosine? Show with the help of a

diagram.
(&)
)] How could one determine the degree of polytnerization of a sample of
amylosze?
(5)
a) Draw diagrams to illustrate sequence-dependent variation between two
adjacent base pairs, known as £/, roli and fwisi
(&)
)] What 15 the major difference between normal DA double d ETA
double helix? How does this influence the biological fu of these two
molecul ar forms?
(6)

affi a thin section of it 1s
-:?graph (examined through
spersed with black dots (silver

A liver cell has been pulsedabeled with [SH] un
obtained.  The owerall appearance of the a
electron microscope) shows regions of white patc
graing).

13 What atre these sites?

! ()
2 Which site 15 functi onall le'ir::i::ivna and why?
(4)
3
(£)
(a)
histribute the copies precisely to daughter cells. So, why are there
gaps between S phase and I phase?
(4)

(<)) What are DMNA damage checkpeoints which block the cell cycle
progression in (31 and G2 phases?

(8)



10

11.

(a)

(b)

()

(b)

(c)

(a)

(b)

(c)

What 15 the role of cross-linking glycans, in plant cell wall synthesis?
Mame three crosslinking glycans, thetr structure and composition.

“Crytoskeletal polymers have an intrinsic polanty”. Comment on the
statem ent.

What are the four major phospholipids present in the plastna membrane of

mammealian cells?

What 15 the distnbution of these phospholipids in the outer and inner
monolayer in human red cell membrane?

The plasma membrane contains various phosphelipases that are activated
by extracellular signal to cleave specific phospholipids. What ji,

Draw a diagram of a DINA moelecule undergoing repliy b Indicate the
newly synthesized strands and 1dentify the foll :

1. Polarity of newly synthesized strands
1. Leading andlagging strands
111, Olkazakd fragments

1%, EMA primers

Cycloheximide and chl oramph
klocking peptidy] transfera

Mame the three enzgi volved in the formation of 5'-cap in

o by TR ITA gene product would the label appear first?
(111)  “What 1s the major advantage of getting the three tEIA genes
transcribed together?

Show pictorially the organization of the fze operon of B coli

Design an expenment to show that induction of host protein synthesis
stops after T4-phage infection.

(5)

(5)

(4

(4

(4

(3

(4)

(3)

(6]
(3)

(3)



12,

15

14.

15,

{a) Idention two approaches used for deciphening the genetic code.

(&)
(k) Insertion of abase ih a coding sequence leads to a shiftin the
reading frame, which in tmost cases produces a nonfunctional
protein. What kind of mutation 1n a tENA might suppress frame
shifting?
(2)
{c) Bacteriophage T4 rapidly injects the total genome inside the host cell
while T7 injects the genome slowly. Explain the reason.
()

White blood cells PWE Cs) lead a nomadic life, tmoving between the blood-stream and the

tissues, necessitating the presence of spectal adhesive properties to bind to the
endothelium in collaborati on with integrin.

{a) HMame the varnious molecules responsible for these adhesiy perties.

()
(k) With the help of some appropriate experiments prove$ed localization of
these molecules on the cell surface and thet it Pdrate binding
properties.
: (2
{c) What 15 the nature of collaboration ?@ olecules with “integrin”™?
Why 151t crucial for WEBC s life? iy
I-
Y ()
{a) mwing one example each, é""'i’rhe characteristics of autocrine and
paractine signaling. ’
()
(b} Ezplain how a sindfe nephrine meolecule can generate numerous Ca'
ions as second¥nesgenger.
i ()
{c) c AWE mediated signal can be terminated?
) (4)
(a) he function of an adjuvant in immune response’?
' ()
(k) When a virus 18 taken up by a dendntic cell, how s it processed and
presented to the T cell?
()

{c) What are transgenic and knockout mice and how are they developed?

(3)



Figure (&) bel ow represents the distnbution of mEINA of different genes involved
i Drosaphila development. Figure (B) represents the distnbution of their proteins
in eatly cleavage embiyo.

Irsechrhen b 4 [EP—
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é % |I l\h\__ .--":\(\_ e <" zanna
i ! e
W — o T s
g A Eulana | .
FRIESTS TR 3. Er iy chuamigga snihyn

(&) Where are these mmEMNAs transcnibe d?

()
(k) Howis the distribution of mEMA in cocytes (Fig. 4) conve 15
protein gradient as shown in Fig B
(2)
(c) What are morphogens? &
()
(a) The following table shows the results B Trom a tissue
transplantation experiment dunng [late gastrul a stages in newt,
Donor region Differentiation
of donor tissue
EARLY GASTE
Prospective Prospective epidermis | Epidermis
Prospective epidermis | Meurons
Expl
wer should include terms like determination/regul atives
condi onall autonomousimosatc/commaitted/fate)
(5)

{b) Distinguish between holoblastic and meroblastic cleavage, stating the
kinds of eggs 1n which such cleavage takes place.

(6)



15.

1%,

20,

21.

(a)

(b)

()

(b)

(a)

()

()

Three classes of organ identity genes &, B & C are involved in specifying the

four whotls of a flower Sepals (se) are determined by the action of A class
of genes, petals (pe) are determined by both A & B, stamens (sf) by B & C,
while carpels (ca) are determined by C alone. Mutations in these  genes lead to
homeotic transform ati on. Given below 12 the phenotype of floral whorls observed

i wild type and mutants of floral organ identity genes.

Whotl 1 2 3 4
Wild type e pe st ca
apetala 2 (aps) ca st st ca
pistiflata (pi) e SE ca ca
agamons (ag) e pe pe e

To which class (&, B or O, do the genes ap2, pi and ag belgh
reasons.

Higher plants usually exhibit indeterminate grogat] d}#rg vegetative

lateral organs. Descrbe the cellular or én of SAM which enables a
plant to achieve this growth pattern.

ofise curve of photosynthesis ina Cs

plant highlighting light
regions.

How 1z the actigity ruvate dehydrogenase (PDH), akey enzyme in
citric acid cyele reghlated? Mame one metabolite invelved in activation
and one inglegetvat on of PDH, and mention their respective targets.

com seedling grown in total darkness was irradiated with
ht for 4 days. What phenotypic changes would you observe in
i seedling vis-a-vis a 7-day-old dark-grown seedling? IName the
sensory photoreceptors involved in regulating these photomorphogenic
changes.

Explain the terms “hypersensitive response’ (HE) and “systemic acqured
resistance’ (SAR) in relation to infection of a tobacco plant with tobacco
fosalc vitus,

Why 1s proline considered as a “compatible solute’ in plants? Mention the
two molecules from which 1ts biosynthetic pathways onginate.

(&)

(5)

(6)

(6)

(5)

(&)

(6)



22,

23,

24,

25,

(b)

(a)

(b)

(a)
(b)

()

(b)

(c)

(a)

(k)

Explain the process of loading of photoassimilates, tn- and
tetra-saccharides, as proposedin “polymer trapping model”™.

(6)
Describe with examples open and closed circulatory systems.
(/)
Differentiate between artery and vein.
=)
Discuss the role of CO21n the bloodin oxygenation of tissues
(6)
Describe briefly, the neural regulation of respiration in high mals.
(£)
Mame the neurchormone secreted by the suprarenal glafd and explain
briefly its cellular mechanism of action. :
®
(6)
What 15 the role of atrial natriuretic factor G5
{2)
“Generally upon stimulation, a neur Bolarized: however, in retina
light stitnulation hyperpolarizes "r Tision . Substantiate the
statetn ent. I Wy
|||-
()
A panel of cell lineg reated from mouse-human somatic cell fusions.
Each line was exa of the presence of human chromosomes and for
the production & ansenzyme. The following results were obtained:
Human Chromosome
112 2 (4[5 6 7] 8 [ % [ 10]17] 22
+ -] -1-1+] -1-1-1-1-1+7-
+1+] - -] - - - + - - + +
& - -1 -01-1+]-1-17-1-1-1-1+
D - - - [+ -] - -] - - - - -
E + [+ -1-1-1-1-1+«[-1+[+7]-
On the basis of these results, decipher which chromosome has the gene
that codes for the enzyme? Give reasons.
()

Why a single crossover event between two linked genes will not resultin
more than fifty percent of recombinant gametes?

(3)



(c)

Wanegated corn kernels result from excision of DS elements (transposable
elements) from genes controlling pigment production duning development.
The sizes of the spots vary from large to small as shown bel ow:

(1) Why are the spots of various sizes?
{11) Wheo discovered this phenomenon?
' ()
26, (a) In an interrupted mating experiment, an B, c2fi F strain ed with
three different Hir strains. The order of transfer of mar m Hfrto F
in the three crosses was
{1} thi thr pro lac purgal F @
{2 lac pur gal his gly th1 F
(=) thr thi gly his gal pur F
1) From this result draw two g %’ﬁ cificlusions regarding the nature of
F-mediated gene transf L
(1) Diagrammatically re hthe arrangement of these genes on
E. coli chromoso Fing the position of F (™) in each Hfr
strain.
(&)
(<)) When a pure link oﬂ.@squ ash plant that produces fruits of white color is
crossed with e line that produces green fruts, the Fy produces white
fruits. Fy plants are crossedwith each other, they produce
prog ing either white, vellow or green fruits in the ratio of 12:3:1.
Exy e ohservation giving appropriate genotypes of the parents, Fy
af togenies.
(£)
27 In alarge herd of cattle, three characters showing continueous distribution are

measured and the vanances are calculated as follows:

WVarlance i_haracters
Shanl: Meclk Fat
len gth length content
Phenotypic A00 00 100
Enwvironmental 250 300 S0
A dditive genetic 41 70 40
Dominance genetic 10 330 10




28.

29,

30.

51

(a)

()

(c)

(a)

(b)

(c)

(a)

(b)

(a)

(b)

(c)

(a)

Calculate the broad and narrow-sense hentability of each character,

In the population of amimals studied which character would respond best
to selection? Why?

Two independent recessive mutations in Drasaphila have been 1solated
which give the same phenotype. Design crossies) to test if the two
mutations are allelic or non-allelic.

Masilpbatrackus, a frog belonging to a prmitive family of amphibians has
recently been described from Western Ghats. Its closest relatiygmare found
only in Madagascar. How do you interpret this distribution g&kem®

1. Eedrot in sugarcane
1. Bacterial blight in rice
1. Eala azar

17, Typhotd

What 1z the

other grougn

The tangential section of a given wood shows uniseriate rays, with both
parenchyma and tracheids. To which group of plants does the wood
belong and why?

List the characters that place Choanoflagell ates closer to animal s than to
protists.

“Excess of czone could be beneficial or detnmental for biol ogical
systems, depending on where it1s found” Discuss this statement with
supporting examples.

(5)

(<)

(4

(4

(4
(4)

(5)

(6]

(4)

(4)

(4)

(6)



32,

33.

24,

35.

(b)

(a)

(b)

(a)

(b)

(a)

(b)
(c)

(a)

Explain why litter Gl ratio 15 one of the most critical determinants of its
decomposition rate.

(6)
In the terms ‘rselection’ and “KE selection’, what do °t” and "K' signify?

(4)
Consider the alternative reproductive strategies (1) producing alarge
number of small sized offspring or (1) a small number of large sized
offspring. List the conditions that will select for a switch from the former
to the latter strategy.

(2)

Show which of the two communities X and ¥ 1z more diverse b}.r
calculating the Siwmpson s dex of diversity j

SpECiEs Mumber of individuals
Community X | Cotnmunity, _.."|.u
10
15
25
20
10

(| ) o | e

Ir-
g in relation to the area sampled? Show

#'mive the equation for it

How does species diversit
the relationzhip graphica

(4)

State Fisher's ypottiaels for the evolution of secondary sexual characters.

¥ (3)

What are Merms faced by Fishet's hypothesis?
_ _ ()
Ther on lines for body mass and testes size for monogam ous and
polwdagnous species of primates is given. What can you infer from the graph?
(4)
;._,u < fiE=deo. e
. BRelly :Raxu

In most of the bird species with biparental care, sexes are morphol ogically
alike. What hypothesis cah vou suggest to explain this finding?

(4



36,

37

38.

39,

40.

(b)

(c)

(a)

(k)

(b)

(c)

()

(b)

(c)

(a)

(b)

(a)

(b)

What are the posaible advantages of extra-pair copulation (EPC) for males
and femal es?

In aflowering plant, 24% of flowers in an inflorescence do not contain
nectar. Suggest at least two alterative hypotheses to explain the
phencmenon of empty flowers.

Tlustrate with a numerical example how heterozygote advantage leads to
stable coexistence of alleles.

(4)

(4)

(6)

If vou are given the genotypic frequencies of AABE, 4aBB, aaBE, AABL, AaBh,
aaBb, AAbb and &akb in amating experiment. How will yvou test whether the loct

A and B are linked?

Define apomixis. In brief, list the significance of apo
improvement.

variation in the pattern
Hidependent transgenic

List at least three possible reasons for the obz
and level of expression of the introduced
plants.

Mlention three mapping popul att o ally emploved in crop breeding.

What are haploids? Disti le'i'rnémnﬁuarl dihapl oids and doubled haploids.

What method wou
the role of Wi

plants.

uze to transform chloroplast genome? Describe
at g G in Agrabactarinm mediated transtormation of

Whats 1l form of AFLE.

On repeated cultures ixn vitre, one popul ati on of human liver cells
appears to become imnortalized but not transformed. Design an
experiment to verify the observation.

Taing whole genome approach, how would yvou find out to what extent

the cells mentioned above might differ from the normal liver cells?

=tate the basic equation that describes radicactive decay of a source. From
this equation deduce the equation that can be used to determine half-life of

any radionuclecti de.

How will vou determine the level of quenching in scintillation counting?

(6]

(6]

(3
(3)

(4)

(6]

(2)

(6)

(5)

(5)



41.

42.

43,

(c)

(a)

(b)

(a)

(b)
(c)

(a)

(b)

(c)

(3)

What are the methods that are used to make autoradiographic signals mote
fquantitative?

(3)
Describe a strategy to sequence a 4 kb fragment of DA

(6)
How can pET series of vectors be used in some eukaryotic cells?

(5)
Why shadowing 15 done to analyze fized and dried specitnens using
scanning EY

()
How does a spectrophotometer differ from a spectrofluorim etg

(4)

An optical filter passes only red light with an average w ath (A} of
6500 A Calculate (i) the wavelength in nanometers At eters and (11)
frequency (given c=speed of light, 2 x 10M cmfsec).

(6)

What 15 Type I error 1n statistical signific

set in most kiological studies?
()

In apopulation of shrimp, the ze r assumed to be 0.59: 054 How many

male shrimp should turn up in ; Wen sample of 80 so as to reject the

hypothesis? (Mote: ;};2 =3 S A1, o =0.05)

()

{1) iitroduced drug X for hypertension is not effective in
ood pressure,
drowth rate of the fish Gambusia increases with the amount of

datly ration.

(6)
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