
തന്മാത്മാ ാ സ്മാസാങ സാങ്കേതാങ്കേതിക തിക വാങ്കേതിക വിദിക വിദ്യയുിദ്യയുടവിദ്യയുടെ 
അത്ഭുത സാങഭ്മാക ലോകം 

സാങകരള ശ്മാസ്ത്രാ സ്മാസാഹാങ്കേതിതിക വിദ്യ പരാങ്കേതിഷരിഷതപ

k-b³-kv-¢m-kpIÄ
{]]-©hpw Po-h\pw







Einstein

Darwin Teller

Edison

























thymine

adenine

cytosine

guanine

phosphate

deoxyribose sugar

DNA nucleotide

Deoxyribose sugar

phosphate

Nitrogenous base 
(guanine)

RNA nucleotide

ribose sugar

phosphate

Nitrogenous base 
(uracil)

Sugar / phosphate “strand”
Nitrogenous base “rung”

Hydrogen bond
(H-bonds)



Step 1: Hydrogen bonds 
between complimentary 
bases break

DNA “unzips”



Step 2: DNA strands
pull apart from each other



Step 3: DNA nucleotides in the cell
match up with each side of the 
“unzipped” DNA

each “unzipped’ strands forms a 
template for a new strand



Step 4: Each “old’ strand
forms a template for a 
“new” strand

two identical DNA 
molecules form

 “old” (original) strand

“new” strand, identical
sequence to the original



Step 1: Hydrogen bonds 
between complimentary 
bases break

DNA “unzips”



Step 2: DNA strands
pull apart from each other



Step 3: 
RNA nucleotides 
in the cell match 
up with only one 
side of the 
“unzipped” DNA

each “unzipped’ 
strands forms a 
template for a 
mRNA strand

RNA nucleotide



Step 4: 
RNA nucleotides 
continue to match 
up with 
“unzipped” DNA

until the message 
is completely
transcribed

mRNA strand

One side of DNA strand



Step 4: 
mRNA strand 
breaks off 
from the DNA 
strand

mRNA strand

One side of DNA strand



Step 5: 
mRNA strand 
leaves the 
nucleus for 
the ribosome



Step 6: Once the mRNA
leaves, the DNA “zips”
back together





3. Translation3. Translation
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mRNAmRNA

A C A U G U
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U

primaryprimary
structurestructure
of a proteinof a protein

aa3

200-tRNA

aa4

U A G

aa5

C U

aa200

aa199

terminatorterminator
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The Central Dogma

DNA RNA P R
O T E

I
N



Central Dogma - Exceptions

• Reverse transcriptase
– RNA >> DNA

• Retrotransposons

















Technologies in Molecular biology

• Cutting up and joining DNA
• Cloning
• Hybridization
• Amplification
• Sequencing
• Microarrays and expression profiling







EcoRI EcoRI

Mixing together and annealing

Recombinant DNA







Herbert Boyer Stanley Cohen
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LABEL

DNA

PROBE

CGGCAACGA

GCCGTTGCT
{{{{{{{{{{{{{ Specificity from sequence

Hybridization methods



Southern blotting procedure

• restriction enzyme
        digestion

human genomic DNA (isolated from
                many cells)

    millions of DNA
fragments

-

+

• gel electrophoresis
  of the DNA fragments
• gel will separate DNAs
  according to size

PROBE

WITH 
RADIOACTIVE 
TAG

AUTORADIOGRAPHY







Southern Blot

HPV 18 Probe 

Patient 1 negative

Patient 2 positive



In situ hybridization

• Specific probe directed against a 
sequence of interest in 

– Chromososme spreads

– Tissue sections

• The probe can be tagged with
– Fluorescent marker (FISH)

– Enzyme marker

                                                                                                                



In situ hybridisation for DNA 
(FISH)

X

X

X

X

X

X

Cells in mitosis

Spread on slide, probe, wash

Probe



Probe against specific sequence on chromosome 21

FISH













Spectral karyotyping (SKY)



A B
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2

3

PCR



















PCR



SPECIFIC PRIMERS TARGET ANY GENE



PCR for Medical Diagnostics







Tuberculosis or Crohn disease?











1 2 3

1  Sample

2  Positive control

3  Negative control



DNA Sequencing











"just a chap who messed about in a lab"

Frederick Sanger









Next Generation 
Sequencing







Economics of Genome 
Sequencing

1989 2003 20142007 2011

2014: $2,300  / 15 days

100,000

$2.3K

20K

$5K9

$350K

Cost Per Genome

2

2003: $2,300,000,000  / 15 years

Number of Whole Genomes Sequenced 1



Next Generation Sequencing

Next Generation = Massively Parallel

REFERENCE 5’- 

AGTGCCATTTCGATGAACATGTCTCGGACCCGTAATGGTCTCTTGGGTCTGAA - 3’

CCATTTCGATGAACT

GATGAACTAGTCTCG

ACTAGTCTCGGACCC
TCGATGAACTAGTCT

GTGCCATTTCGATGA
CTAGTCTCGGACCCG

ATTTCGATGAACTAG

TTTCGATGAACTAGT GACCCGTAATGGTCT

CTCGGACCCGTAATG

CGATGAACTAGTCTC

“Read Depth”

“Depth of Coverage”

















1. POLYMERASE CHAIN REACTION
F1-fwb CAAGTCTGGTGCCAGCAGCC 554-573
F2-revc GATTTCTCGTAAGGTGCCGA 1068-1087

2. CLONING

3. SEQUENCING

4. RHINOSPORIDIUM PROBES

Rhino FISH probe     BTGCTGATAGAGTCATTGAATTAACATCTACB

Control FISH probe   BACGACTATCTCAGTAACTTAATTGTAGATGB
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