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" THE CENTRAL DOGMA
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« DNA is the genetic material
within the nucleus.

« Replication creates new copies
of DNA. \§

« Transcription creates an RNA Tnator. A
using DNA information.

« Translation creates a protein
using RNA information.

Protein £ 1

Cytoplasm
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REPLICATION

« DNA Replication is semi-
conservative.

« Each newly synthesized
molecule  contains 1
"parent template” strand
and 1 new ‘“daughter’ AN
strand. ok,
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« RNA is an important type of nucleic acid that
plays several roles in the production of protein

» RNA is necessary to carry the instructions of
the DNA out of the nucleus and to the
ribosomes.

19GET277/ BIO/UNIT 3/Mrs.J.Jareena -
AP/BME

 TRANSCRIPTION: RNA Synthesis |




& Two Types of Nucleic Acids

RNA
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omyribonnunmr Ribose as the sugar

Bnuuud 0 Bases used:
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Thymine (T) Uracil (V)
' Cytosine (C) Cytosine (C)
p Adenine (A) Adenine (A)
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The RNA Molecule
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Deoxyribose  Phosphate
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Nucleotides
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TRANSCRIPTION

« |t is the mechanism by which a template strand
of DNA is utilized by specific RNA polymerases
to generate one of the 4 different types of RNA.

RNA
'°’ NascentRNA  polymerase .
g 5= 3) 3 DNAantisense strand ‘

= “ | / (3=9) g
W ‘WM
—Underwinding

TW\SC"PW' Overwinding—
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Types of RNA I

1. MRNA (messenger RNA)
2. tRNA (transfer RNA)

3. TRNA (ribosomal RNA)

4. snRNA (small nuclear RNA)

Eukaryotic cell
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TRANSCRIPTION |

» DNA is used as a template for creation of RNA
using the RNA polymerase.
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TRANSCRIPTION |

 RNA polymerase reads the nucleotides on the template
strand from 3' to 5’ and creates an RNA molecule in a
5'to 3' direction that looks like the coding strand.

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display,
: ‘ ) DNA codeg srand
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TRANSCRIPTION |

« The new RNA molecule is formed by incorporating
nucleotides that are complementary to the template
strand. DNA coding strand DNA .

AJGETRARARGICICY \ 5'
DNA template strand

19GET277/ BIO/UNIT 3/Mrs.J.Jareena -
RNA

AP/BME 13



o
*

~ Initiation of Transcription
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« Transcription begins at the 3" end of the gene in a region
called the promoter.

« The promoter recruits TATA protein, a DNA binding protein,
which in turn recruits other proteins.

TATA binding protein
Promoter Gene sequence
==y to be transcribed

AVERZEEIR /\//

Transcription factor ' l 9 Transoription begins
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The Transcription Process

« RNA synthesis involves separation of the DNA strands and synthesis
of an RNA molecule in the §' to 3' direction by RNA polymerase,

using one of the DNA strands as a template.

Nontemplate strand
PNA polumorese\

Ribomucleotide

Template strand
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" Complete Transcription of an RNA
Molecule

« Transcription begins at the promoter, proceeds through the
coding region, and ends at the terminator.

Promoter Terminator ‘
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gone (DNA) exon exon exon exon
ey e L PN [ (S L

’ .

amino acid 72 / |

posttransiational
modification

protein
O
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Codon

« A triplet of adjacent nucleotides in the messenger
RNA chain that codes for a specific amino acid in
the synthesis of a protein molecule.

« Each codon corresponds to a single amino acid (or
stop signal), and the full set of codons is called the
genetic code.
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particular aa

20 aa
« Each codon specifies a

« All organisms use the same
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TRANSLATION: Protein Synthesis

« The process of reading the RNA sequence of an mRNA
and creating the amino acid sequence of a protein.

Transcription H‘ | ‘ , ! 21.8-8 8-

Codon Codon  Codon

T 111
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In translated into the language

of proteins

» Nucleic acids have a 4 letter

language

« Proteins have a 20 letter

language
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The Central Dogma

« The language of nucleic acids IAVANVAVAV

DNA
l’ TronscrlpuonJ

AVAV AN

RNA

" Translation:
the synthesis

of & polypeptide
- specified by an
y MRNA

Protein
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TRANSLATION

—  c— — ct—

The “Players”
» Messenger RNA (mRNA)
« Ribosomes

» Transfer RNA (tRNA)
» Amino Acids
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Start codon Codon Stop codon

Leader Reading frame Trailer
(not translated) (translated) (not translated)

« Synthesized in transcription
« Composed of Codons
« Codons are 3-base sequences of mMRNA
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Transfer RNA

« In the cytoplasm, a ribosome :
attaches to the mRNA and '
translates its message into a
polypeptide.

« The process is aided by
transfer RNAs.
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Ribosomes

P site
(peptidyl-tRNA
binding site)

A site
(aminoacyl-tRNA
binding site)
MRNA
binding site

« Made of rRNA and protein
» 2 subunits (large and small) form a 3D groove
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Amino acids ,r

* There are 20 amino acids, each with a
R group basic structure
@ * Amino acids are held together by peptide
Amino 3|

./ Carboxy| bonds |
group /‘||4 ‘. group Ry

o carbon

i
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1. Initiation
2. Elongation
3. Termination




Psite

' ""mRNA, a specific tRNA, and the ribosome subunits assemble during initiation
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Leader po— Small ribosomal subunit
sequence

mRNA

Assembling to
begin translation Initiator tRNA
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Large ribosomal subunit

Amino acid

19GET277/ BIO/UNIT 3/Mrs.J.Jareena -

AP/BME 20



a Y Tl.’)i ;3

Elongation
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Lengthening

polypeptide
‘ (amino acid chain )

*
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Elongation

Stop codon
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Termination

Ribosome reaches stop codon

mRNA
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Termination

'Once stop codon ls reaciied.
elements disassemble.

N
A
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Q{gé The Genetic Code is a triplet code

uC GUAUGGI H(

\WAACGG
>sived b MOt S m‘w\—‘¥| ol Drei -‘1’ I/J‘\."P s

A ' y
/ \,\./

Normal mRNA

Aminoacids  Met Thr His Asn Gly Phe Val Trp Cys Glu

3 + mutations

Incorrect amlno acids
o in polypeptide

Peter J, Russell, iGeneties: Copyright © Pearson I-:ddcﬂﬂﬁﬁ?ﬁ?&.%Eﬂ%’éﬁ;}mdmm?c&mmingx.
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Mutations

« Normally, the genetic code is translated and the
correct protein is formed from a long chain of
amino acids.

« Translation of codons is dependent on the reading
frame, or a grouping of codons in a gene
transcript.

AAU GCG GAC UAC GGC AAC GCC
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Mutation J
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« Any change in the
nucleotide sequence of DNA

ONA sequar
btnofmlg-m TACTTCAAACCGCGOTY

s SUGORENNNETLENS

« It may involve large sections "’"'“"'_L"‘*’__ s i

' '

of chromosomes or single s e

oA

basepairs thYYCAAA!CGCOQ Y.A::VICQA'C'COCOYA

» Mutations can change the s wik m sk wll el ook ok ws »-.
reading frame of a gene

transcript.

19GET277/ BIO/UNIT 3/Mrs.J.Jareena -

AP/BME 9



Mutation

Normal Hemoglobin Sickle Cell Hemoglobin
DNA GGA CTT GCA GGA CAT GCA
mRNA CCU GAA CGU CCU GUA CGU
AA.  PRO GLU ARG PRO VAL ARG

"Changes in one or a few bases is called a Point Mutation
2 Types: Substitution or Insertion/Deletions
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Mutation

« Deletion or insertion mutations are most
disruptive because they change the reading frame,
causing a frame shift.

« Substitution mutations have varied impact on
amino acid sequences.
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Size of a genetic
code word (codon)

Original sequence | GAC GAC GAC GAC GAC GAC GAC ...

One base added
Sequence disrupted [GAC U .

Two bases added
Sequence disrupted | GAC UU

Three bases added
Sequence restored | GAC UUU GAC GAC GAC GAC GAC ...

' = Wrong triplet
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What causes Mutations?

« Errors in DNA Replication
« Errors in chromosome crossover in meiosis
 Mutagens

Mo agens are physical or chemical factors that cause mutations !
« UV Radiation and X-Rays
« Chemicals like DDT
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 Recent research paper (2015)

« “Single-cell transcriptogenomics reveals
transcriptional exclusion of ENU-mutated alleles” by
Wengi Li, R., et al.

« |t showed a novel relationship between genotype
and phenotype

» SCTG
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