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Molecvlar Basis of Inheritance

D/VA - u _car'ﬂ'er of 3gnef4}: :'nﬁormahbn in_
all cellular oryam.{ms :
f'ew wm.se.? ( T/M\/ polio, ref'rowruses) hauve /3/1//4

as  genefic material.

Key Milestones

ES 2
1569 Friedrich AMiescher discovers nudem
/92% z PR rransfkbrmaﬂon experiment
/999 o Auery, MacLeoo’ /VkCarfy - D,A//i] = TF
/952 Hershey Chase - DnvA = 9enehc maferral
/953 Watson-Crick double helix
TP e )ﬁeselson-Sfahir - .semf—conservah‘ué % e
/76/-66 Genetic code craced (/1¢“J"rer.~:kae.»:9J Khoranal
1990-2002 Human Genome Prg}ecf
20/0 /st synthetic genome (Venter)
PEERI S 2

- - . Fy : =
Indian contribution - Har G‘Obfnd Khorana 7(/7(/071972’/ /‘767)

- Synf'he.sised ol{gpp_ucleohﬂe;, cracv(_gd__fhg code.
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. Griffith's & Avery's Exp eriments

 Grifhth (/928) . . Tran:@;rmahcm L e
- Worked on Streptococcus Enemiphide v o =
e (Smoofh virolent) - Cavses prevmonia in ke
e (roujh non- wrulenf) 77-_7g@:_cg7_5_grgu_/ei O
Fxpenmenf's e Sl s L
| ; (a) Live R in ecf‘ed =7 mouse lives S
k__ 5 (b) Live S yected =7 mogse dfesif S e
ﬁ =2 Heaf‘-v(flled S injected 27 mouse lives | S
;'-.___ i) Heat- mllec/ S+ Live o == mouse - D.LFS : iy
-_ﬁ_ b e 5 recovened 1Cr0m dead mouse? ! s
E Condusr'on ot A ﬁ strain T/?AA/S»"O/?'MFD into S o
. | . TRANSFORMIMG PREMCIPLE' Fropm wied 5
- very + ﬂ/facLeod + /McCan‘y (/‘799) e ! :
E Pur:@ed fransﬁormmj princple’ and .Showed ase s
' _ | Prorease + fiase  -> transtormation still worv{.s L
. DMsze transtormation BLOCKED L

e transforming

material =, genetic praterial
E Hershez-Chase- (/75“2.) - con#}rmed D/VA
E | Bacf‘ertophaye with 355 protein + 22F D

/VA = only 32P en
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/Vucleoh'de . = Basé -+ Suqar -+ Pho.Sphafe 7

Phosphafe (PO9)

Pentose suﬂar. (a’eoxyr

5 /Vr'froﬂen base

F-{'g. A sr'ny.fe nucleotide wriF

' 'M'f‘rqqen Bases

Purines (2 #u;fed r:hys) : .'Adenfne (/—l), Guanine ()
Pym'midines (/ ”-”ﬁ) : 2 Cyf'osine (c) : Thymf'ne (7
[Usaeit - V) = i WA om’yj

Svgar Difference
DA - deoxyrfbose (2'-0H rep/aced by H)
oA - ribose

ChargatF's Roles

%A = %,T ) %G‘ = ZC 2 Puripes = Pyﬂ'midfnes o

/
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- Double Helix Features

luii) Bases inside, svgar-P bakbone Trsie outside
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P olymeﬂsahon o

~ Two nuclepf{dgsr\thb Vf'hro_ujh_ PHOSPHODQE;TE/?_ k{ond_ Sl
| between 3" OH of one sugar and ' phosphate of mext.
Bapone =

= sugar-phosphate- sugar-phosphate...

L

Fig.  Strard polarity (-3

L. oS o e

() Two strands - antiparallel ( -8 & 2-5)
(i) Right-handed helix

- Gii) Diameter 20 A

(fv) : Pﬂ'ch 3.9 »nm / /O bp per turn _ o
(v) AQ’)acenf base c/l.n"ance ; 2 .37 A D
(w) Bases held by H bonds z 7/-]_er”7(_2)_,_7&§#_6” {32 <

{w_}}? Major + 7r>_«}inor grooves alternate. .

Scanned with CamScanner

—\



} Date : Page: .= =
1
1

| Dc;uble Helix (Waf'son»Cﬂ'cK_,_ /93]

| i
|
|
{
|
e B
!‘|
7ol R 5 Suﬁar- Fhosphate
.‘ ; / baclbone
~ | _ : - :
{
|
|
| Q
| 7=
,‘
| =

B

| et o 8 8 @ o

ATT ) i SOl
|

P A ey

o ; Fig.  B-form dovble-helical DA

|
J _TQ'f'Qi_/__enﬁfjh o__-lc humd_ln DA

Distance between ad). base pairs = 0,39 ,
: : ! e : m
~ Other qurms .

A-DNVA (c{_e’jrd_rared), 2-01A (2{9;@_),”_”

22 . m (5 09 bp
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Packaqiﬁq of DNA in Muclkus

Homan DNA = 2.2 m total length per. cell

But. nucleus = /O micrometer wide? -7 needs

In P rokaryotes

anﬁle circular DNVA = polyamfne.s (ro hf.sf‘or»és).

Co}npacfed into AMJCLEQZLD by 3upercoﬂtbﬂ.

| :
L 1h Eukaryotes - Levels of Packing

l
,‘
\

o) /un(ed DA - 2 »nm
N

S— -

(i) Mudessome ("beads on 5#:?39"7 = I/

t 3 ,./_\,/—/\,WV\N\_//—
/—\W\_/——

Gii) Chromatin Fiber (30 nm)

*

(v)  Looped domains (300 pm)
o (v) Metaphase chromosome (/900 n_(n)__
- Compaction ratio IO Y fold ¥

\
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Hfsf'ohes_ & “Mocleosormes =~

Histones -  basic proteins rich in Lys + A:g._ Sl

Five types 7H/, HZ/-‘{ H23, H3, H”/ A

Histone Octamer .. ———— 8
24 rhfsf'ohgs T2 copies each .OF H2A, st,a HS’, _H"'/ ;

_ form a positively _chafge'c? HJ:.STOA/E ; OCT/fM_/fEﬁ' core.

DAA wrapped { 1.65 turns)

Histone octamer

ol viiame . A0 20D o of DA

| Core wraps abouf /.65~ turns of DAA, . .. :
H/ llinker) - binds outs‘tde,_holds DNVA in place.

- Chromatin Types

: ‘Egchrom_ah'n &y loosely pacb(ed,_ fran.s'cﬂph'_onallf active

- r_l‘f_ef'g(qclgmfma_hh s densely packed, inactive
: = y E NG 3 PN b S M S T

: v/'Von-Hfsf'one Proteins (/VHC)_ e
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DNVA [feplication
Process by which each DNA strand serves as a

TE/MPLATE_ for syinthesis ofF a nrew complementary
fesult : two identical dauyhfer DY 72 morlecu/e,s.

Three P os.sch'ble. Models

(a) CONVSER/ATIVE -  parent intact + rew helix j
(b) SEMI-CONSERVATIVE - / old + / rew strand
() Df._?PEf('SI\/E o random mfxf'ny of old and new 7_

Meselson-Stahl (/95§)

_Gen 2 : $0Y hyorid + $0% light (19M/19/)

light /9.

Used /5N (heauy :flf,ofop\e) labeled E. c;o/f 22
Densify-jradténf cenfr[ﬁujafvbn showed

Gen O all heavy (JsN//sN)

Gen /  : all hyorid (JSNV/I9NV) - intermediate

R}

coacLUSIOnN - ODNVA replicates SEML- CONSEWATI\/E_{-:Z‘:

Parent (2 old)

}

Dauyﬁn‘er () Btd—+F—r—Fe=7
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Replication Fork & Enzymes

Parental| Daa

—_—

Leadjh\g (continvous)

\ Laﬁymﬂ (Oxazax:)

!:19 Bidirectional replication  foru

Enzymes & Their Moles

~

He/icase - unwinds DNA  helix

S5 protfeins - stabilise smyie strands

Primase = lays down short RNA primers

- DNVA pol-ITL - main replicating  enzyme ($7'->3')
i L{gase - goins Owaza«i ﬁraymemis
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into RAMVA, catalysed by RVA. polymerase.

Three S fa‘vqe.r
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Transcription

Process O,C copymj geneﬁc information from DA

Only ONVE strand of DNA /s transcrived ( template / anh'sg;

mRvA (5 v 27

Coa’{nﬁ {739 /

Template (3'-75") \_

Faﬁ Transcription bubble

e _INITE/‘]T.EON - VA pol b[nds at promoter

2. ELONMGATION - : n'bonucleoh'de_s added 5“"73'
=2 TERMINMNATION - . RNA pol reaches f'ermlbdfqr

Three RMVA Polymerases (Eukaryotes)

KMA pol E - RMA (285, 155,55 5S)

RMA pol I - mRMA (hofNA) o
RMA pol IIL - tRVA + €S [RNA + snAA
Prpo(aryofes_ - ONE RNMA pol does all 5.

.. 2
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~ Post-Transcriptional Processing:

Eu_b(@ryoﬁc prf}nary fraﬁr:;c(tpf' (ChnRVA) s mo_dfage_d_

before becoming mature mRMA.

() " e Cappl}?vq :

 7-methyl guarosine (m7G) added at $' end.

j Function i protection + riboSome k_:fndf'nj Sgnal.

ey Tailing i Btk o :
7P917—7/4 taill { ZQO ag{em'nes) gc{ded af__S' er_;_d.

+—
 Function .- stability + export From nucleus.

- Gi) SPLICIM> -  removes INTRONMS
)

—_—

_J';nf'mns - 7:}_qferueryhj7 non-codfnﬂ 5?2"?”“-_‘, &

Exons e codinj_sezyences (kept in mRNVA)

Introns are et removed; exons spliced together.

3
intron * intron

Ff\'g.,_ Split_gere (euxary_ofes om’y? ] sty e T

~ Spliceosome = : Rt 7 L
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Genetic_Code

!

| Sezuence of 3 nucleohdes on mﬁ'/VA i cO0DONv

— | Each wodon specifies O/VF amino actd

Salient Features

@ Triplet (9 3 = 69 possible codons)
:@ Unambﬁguous & speciFic (orne codon = one aa)

@ Universal (Sa‘me in all organisms )

'@ Deyenerm‘e (7/ codon / aa, max A,

}: @ ﬂ/on'ouerfappmy + commaless 7
@ Polarity  (read $' to 3' on mRNVA) -
(7) Start codon = AUG (Akthionineg)
\@ Stop codons = UAA, UAG, UGA

Motations & the Code

\ Point mqf'aﬁons - (hdnﬁe in one nucleotide.
Frame- Shilk - insertion / deletion chanyes }eadinj Frame.
Sickle cell - Al Beesmres mutated to GUG (Glu -7 \/_al).

| tRVA | - Adapter Molecule
' HoMA carries amino acid at 3’ (CCA) end and

anticodon m: loop end.

/‘lnfikodon—c})JOn pat'rf'ny al{gns aa in correct order.

Charging .fﬁﬂ/ﬂ
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3 CZA (aal 7 : 5
3 t ‘———|{ ; : Acceptor stem (aa)

T‘#‘C arm

D-arm

Anticodon loop

Ffﬁ Cloverleat model of +RA/A

flioosome -  Workbench

(708 i» prof(aryof'e_f £ 308 4 s 0S?
Ha-‘, 3 sites for tf\"/V/q
e (exit).

 Composed of RVA ( 00 D) + ribosomal proteins.

rRVA is the catalyst (peptidyl transferase = ribozyme).

Scanned with CamScanner

- Two subunits - small _(‘7’05) <+ larzger (6057_ - euKaryotic

A (amg'r}oacyl), % (pepﬁ';fyl),__
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| Translation - Protein Synthesis
| Stage / - INMITIATION 3
'_ "7 - Small svbunit + Mef'—f'f\"/l//-l(:) 'pnd AUG start. :
¥‘ Larﬁe Subunit joins -7 intact ribosome ’?adfi E
| Ctogez - ELOMGATIONC - . NS
'::_'_7 | (@) tRvA + aa enters A site - matches codon
;Lﬁ i (o) Pepﬁ'de bond ﬁorms (fn P Sif'e) _»7 !ﬂbozyme

7(c) Fioosome translocates -7 HRNVA shHCf'S P»?F (exd's)
E _(d) f('epeaf until  stop codon

R Stage 3 - TepmIvaTZON
B | St codon WAA /) UAG ] U6A) reached. f P
i_i_ | Felease factor enters A site - _ polypeptide released

| KRibosome Subunits dissociate.

: Polypef;h'de s o S e
A - _f?fbc!sonv;e X - : S T

- Fig. Rbosome _franslaﬁn‘g mBRAA
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- Lac Operon (Jacob & Mon__od_ : /796/) i
OPEKQ/V w0 oﬁ yenes rejulafed foﬁef’her e
Lac “operon . 7 .L/VDUC.LBLF operon 1Cor lactose mef'abolum
o Bl el e - % o
. ! T : ; Si:fu(.)‘;rfaf ﬁenes % ; 0
/ Fl0 z v a . 0

¥ al 5 e p-ermea}é 7 fr:an_s-a-ce:‘ AT B : T T AT o i =

0/‘}" (no Iacf'o.se) e % i
Active repressor bmds operafor w7 F/VA pol blocKed

O/V (Iacfose presenf-) : R e R
Lactose -7 allolactose -7 bmds regpressor.. ; pr

___f('gp(egsgr lnach_ugf'ed . ﬁ’ﬁb‘éﬁ:{‘ operaf'or pree e

RWVA pol transcribes 2, y, @ -7 proteins made.
 Catabolite epression o

Glucose preperred over lacf‘ose i e e

High glucose -7 low c/-VMP o CAP-cA/MP binds weakly
7 low transcription rate. _ o oapnlaiar s

Trp Operon e et
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Homan Genome Project  (HGP)

/_Mggafp{cgj_ecf' (/‘7‘70—2003] by é»r.‘)af'lbpicrorisgrffuim.w
~Goal - sequence ALL 3. 3 x /(5 7 bp oF ,,h‘i’.’f'af’__ﬂ;
HisH #3 b:lhon

o Goals SR
T (D ZdentiFy all 30,000 genes
@ Sezueﬁncgi 3 billion bp

| (3) Store in databases

(4) Emprove data analysis tools
(©) Address ethical/legal/social issues
() Transkr to private sector

Salient Features

lal Wofal: 2R !O 7 bp - human genome size

3000 bp
() Total gemes 30,000

(b) Auﬁ gene size

L L) lest than 2 y/ oﬁ genome codes ﬁor proteins
(e) f('epeaf'ed Sequences mav(e up Iacge portion

£ (D) chr 4 - st geres (2968) ; ¥V - FRwest (23/)
4 @2 ,/,Maf’f S/VPS, { 7 7/.'7’_ mflllb_n)_ !Ugn_f'tﬁ'ed ;

Applications

= D S —_— ey s

| Drsease gene discovery, personalised medicine,

| pharmacogeromics, ancestry, evolution studies.
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: D/VA F:bqerpﬂbﬁhq 0

Ic_:_{enhﬂe.s fndli/idqals based on UNIQUEV patterns
in theirr DNVA. ~ Developed by Alec J'évcﬁ'reys (/‘73;)._
Indian pioreer - Lalyi Singh (CCMB  Hyderabad).

Principle - VATRs

Variable Mumber Tandem fepeats =  short Seguences

(//-60 bp/ repeafed f'andemly " 'sm"elh_'f'e DNA'.
Mumber of repeats varies between :}f;dti/t_'duals. 5

Ldentical twins - have IDENT. LCAL Q’nye_rprfnf';._

Six Steps —
@ .Esolaﬁbn o DNVA(Eom any h'.s.we)
@ ff"esf'ﬂ'cﬁbq eNZy/ me d:"’xesf'{‘on

' @ Gel electrophoresis(. separate by size)
@ Southern bli)fﬁnﬁ(‘ transter to nyion)
@ Hybrfdi-sah:on with VAT, f? probe
@ /—lufpradtbﬁraphy(w'sqah';e bands)

= ‘

SRR ey )
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DA Fctherpnbhbg - 'Appl:_'cahbns

Forensic

Crime detection - maf‘chinﬂ crime  sample  with suspects.

. Identification of victims (mass disasters).
3

Paferm'fy / Maternity
Dtkpuf‘ed parenfaye - child's bands should match

a/f'ernaf'ely with mother and Father.

Wildlife Conservation
Idenfhc/ f'llejal trade of body parts (i'uor‘/, horns).

Track endanﬁered species, breed{ny Programmes.

Plant Breeding
fdenﬁﬁcaﬁon of nrew varieties + yeneﬁc diversffy.

" Anthropology 1 Evolution

Traciny human m{graﬁbns, evolution of 5pecfe5.

Lf'nb(inﬁ populaf'ions to ancestral jmups.
Medical Dfa_qno.sf'fc.s :

Detect mutations cavsing genetic _
e e /00,000 cases solved usin

diseases.

-

Indian achievements

FCK + DMARE
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RMA - Types & Functions

77=ree /Wam Types A ; e -_ e

__ 7@ mRMVA SR messenyer carrigs yeneﬁc code ( 5"/9
(2 tRMA - transter; brings amino acids ( /ff 7o)
; . 8
@ VA - ribosomal; structural’ L ?O%) :
e oo oL e ol

: Other FRNVAs i : g S i 3 : 7—
. snﬁ{(/ﬂ it Smali nuclear; _fplfcfnﬂ_ 7 e
__mfﬁ"ﬂ{_/-l - micro, reﬂulaﬁon : o S T

5;/\’/1//—]‘ ;_— Sflencmﬂ wa /?/VA: v B

hnf('/il/ﬂi - primary nuclear f'ran_scrtpf' (pre mf('/VA) i

RNVA as First Genetic Material
Evidence - FNMA can catalyse + carry info.
Hence - A WORLD hypothesis. 3
B -eaad F/VA evolved From DNA / wvice uer5a7 /?/V/‘i ﬁrsf'

ﬁbozymes ey _ e .
ﬁ/V/-] mo/eculeS wlf'h caf'alyf'tc acf'u/n'y (Cech Alfman) :

- Eg.
bondj Formah'c;n done by __rﬁ/VA, BT s Pia

7(;ro’up B m_f'ro_ns Sei{—:phce_ 5 Vrtibosome 7pgpf'lde__ o

Why D/VA Toov( Ouer e & -'
D/VA more stable (2 H m.sfead oiC 2 OH)

Doub/e,sf—fandgd -7 error correction possibles | i
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Translation Inhibitors & Antibiotics . V

Why Antibiotics Work

Most antibiotics target the BACTERLAL rivosome (705)
without afpecﬂny our cyfosoh'c OS5 ribosome.

Common E xamp'les

Antibiotic Effect

.Sf}epromycf'n ‘binds 305 - m#kreacﬁnﬁ codons
Tefracycline pblocks A site (HRAA enf‘ry)
Chloramphenicol inhibits pepﬁt/yi transterase
Eryfhromycr'n blotks translocation

Puromyu'n premature chain release.

Rifampicin inhibits KAMA  polymerase (transcription’

Selective Toxicty
riboSome (§05) has structural differences

EuKaryoﬁc
from prov(aryoﬁc (705} = So antibiotics don't harm vus.

Mitochondrial Kibosomes ; : ! 7
: .
some antibiotics (like ammoylycos:des)

Are 705 (proxaryotic) -

an dﬂmﬂﬂe them -7 side effects of these druzst :

[esistance Mechanisms
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: Key Mumbers

Homan 3enome size
 Toral "‘e"’ﬁ?}‘ of DNA

Mumber of genes
ereding 4 .0 =

Chromosome with most genes

—Chromosome with dewest—
Diameter of B-DAA
Pitch—{/—turn)- —
Base pairs / turn
Distance. / bp =
Sense codon
Stop codons
Start codon
H&P duration

DA @r;ﬁe;);r;:fm‘g (:J'eﬁrre;_f._f)i E

WWatson-Crick  model

DAA as 7frEn.?porminﬁ material

Hershey -Chase exp

ST TR D
& 5

Recap & Mombers

Date :

33 % 40 7 bp
B T S
30,000
—— o —
/ (2968)
—— e —— o e
20 A
—— 3 F—rm—— — ——
o)
OB ey b
&/
3 (UAA, UAG, UGA)
7 (AUG)
/990-2003
VET P
/963 L
 Avery 1999
/962
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- Central Dogma + Mutations
| Central Dogma (Crick, 195 8) i =
 Rreation Aow o ,
- D/VA_ = '.f:ansv:phcn hans!afonh e 7 & :
s . fvA — FProtein

R SR N (H.ﬂ/' réfraiur'ruser.f}

Mytations - Types : ;
(a? ﬁSybstff'uhbpr - one base rep.laced (pomf’ muf')

hb g change - . - i

- Silent e

Missense - ditkrent aa Comle iceltd = e

»
/VDr)Sen.Se i premaf’ure ;fop e e i

(b) Insertion / Deleﬁon il ﬁrame Shi-Ff'

(<) Chromosomal (franslocahon, inversion, delef'lon)

Causes o1C Muf'ahon S S
 Physial - Yy Xerays, jamma s
base analogs (;-5(}), alkylating agents

_Chemical -

____B{b/c_)yfga'l - transposons, irges = = el

_.S;iqm'ﬁcance e e i

raw mﬁt_f‘e_nl?l_ g)( _euio/uf'i'orl.e

~ Source of variation -
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