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STRUCTURE OF AGENE

A RUNNING TRACK
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REGULATORY SEQUENCE
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N
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ORF: PROKARYOTES

Polycistronic operon

Regulatory sequence Regulatory sequence

=
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ORF: EUKARYOTES

Regulatory sequence

Regulatory sequence
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Transcription
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Translation
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TERMINATOR
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Summary: Gene structure

Polycistronic operon

Regulatory sequence Regulatory sequence
—
Enhancer Enhancer
/silencer Operator Promoter 5’UTR ORF UTR ORF 3’UTR /silencer
Start Stop Start Stop
- | —ﬁ-g
Prokaryotes
Regulatory sequence Regulatory sequence
Enhancer Enhancer
/silencer Promoter 5'UTR Open reading frame 3’UTR /silencer
— ——
Proximal Core Start Stop Terminator
—— - I D B e
Eukaryotes
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GENOME



So what makes us HUMANS??7?

- The need to understand more about human genes
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Figure 2: Shotgun Whole-Genome Sequencing

HUMAN
GENOME *
PROJECT

A DNA sample is collected

Many copies of the DNA are made

The copies are broken into many pieces

Sequences are arranged in the correct order

The complete genome is assembled
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HUMAN
GENOME
PROJECT
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 About 25,000 genesinthe human genome
. Regulatorygenes

promoter sequences
— regulatorysequences (enhancers, silencers, etc.)
— intervening sequences (introns)
— initiation and termination sequences
— telomericsequences
— centromere sequences
— pseudogenes (have start and stop codons, but are inactive)
— repetitive DNA
— transposable genetic elements

Most mutations occur in males (sperm)

3% of genes - code for proteins

97% of junk DNA??? Nothing to do with genesl!!
- Under study
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HUMAN
GENOME
PROJECT
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Compare human genes and those of other
organisms - discover gene functions, identify
Important genes

Information from DNA - develop new ways to
treat, cure, or even preventdiseases

— Targeted drug/treatment

— Screening for diseases (Eg: prenatal checkup)

BM HS-SHPT Y HOC 27



03/10/2019

BM HS-SHPT Y HOC

28



03/10/2019

29



CHIMP/HUMAN %

DNA
SIMILARITY?

98%

99.9% similarity
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GENETIC VARIATION

‘|

T
____________ s EEHB%@SE

Polymorphism (da hinh)

— Onegene>TWOALLELES
Single nucleotide polymorphisms
(SNPs) > 1%
Structural variation (copy-number
variation and deletions, inversions,
insertions and duplications) - 2,100 to
2,500 structural variations/person

Gene expression
Etc.

= NOtwoidentical people
=» Total of 324 million known variants
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GENETIC VARIATION

e Structural variation

03/10/2019

Copy-number variation
Deletions

Inversions

Insertions

Duplications
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GENETIC VARIATION

e Structural variation
Copy-number variation _—
Deletions ,jstgm
eerons TRANSPOSON 'Y
Insertions
—_—
Duplications (TRANSPOSABLE
ELEMENT =
JUMPING GENEYS)
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TRANSPOSABLE ELEMENTS (TEs)

5 ATCCGGT... ...ACCGGAT
INSERTION 3 TAGGCCA... -..TGGCCTA
Inverted Transposase gene Inverted
SEQUENCE . repeat repeat y
(IS) Insertionvsequence

(simple transposon)

(a) Composite transposon

TransposonTn10
A

Tetracycline resistance

(b) Simple transposon (noncomposite)

” 1510 Is10

Transposon Tn3
A
IR IR
- —
Ampicillin
resistance
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MECHANISM

Transposon at initial site
o
4 ™y

C Target site
TACCGATC 3
ATGGCTAG 5’

&P Transposase

\“-... T [ECCGATC 37

ATGGCTA| E— &
@ Transposase l

{continuing)

\\b [ ACCGATC 3
ATGGCTA

] G 5

&) DNA polymerase
and ligase

Transposoll at new site

/

L Ny
TACCGAT ACCGATC 3
AT TGGCTAG 5°

N
Inverted repeats

Direct repeats
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Replicative

l Target site (empty)

Conservative
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TRANSPOSABLE ELEMENTS (TEs)

 TEscomeinmanydifferent forms and shapes
— Retrotransposons (RNA intermediate)
— DNAtransposons (DNA intermediate)

 Balance between TE expression and repression
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CLASS |: RETROTRANSPOSON
RNA INTERMEDIATE

New copy of

DNA of genome Retrotransposon retrotransposon
€) Transcription
 Z © Insertion
of retro-
9 Translation transposon
RNA DNA
€ Reverse

O / transcription
Reverse _\ of RNA to DNA
transcriptase

@) Synthesis of second
DNA strand

(i
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 Plasmid = bacteria
 Transposon plasmid
- bacterial chromosome

/plasmid
e Multiple drug-resistant
plasmids
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 TEsarenotrandomly distributed inthe genome

 TEs are an extensive source of mutations and genetic
polymorphisms

 TEsare associated with genome rearrangements and
unique chromosome features
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* Induce mutations (Insertional mutagenesis)
* Genetic modification

 Transformationvectors fortransferring genes between organisms,
developing plasmid to transfer genes

Human Cell
Insulin gene
@
/r\ Recombinant Transgenic

' Plasmid bacteria

Bacteria O
44

Plasmid

-

Grow in culture Extract insulin
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2. DNA &RNA
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DNA & RNA SIMILARITIES

 Polymers of nucleotides. Nucleic acids. Phosphate backbone
 Genetic materials, passinginheritance information
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Base
Strand

Sugar

Length
Lifespan
Function

Location
(Eukaryote)

Thymine
Double

Deoxyribose
(Less reactive)

Long
Longer
Store geneticinformation

Nucleus

Uracil
Single

Oxyribose
(More reactive)

Short
Shorter
Passing information

Cytoplasm




Eukaryotes Prokaryotes
Naked DNA LM ONODONOR T 20m

Circular
o oasies 108 Unfolded
chromosome

(a) Circular mvom@ DNA

30-nm chromatin
libre composed of
nuclecsomes

p Folded,
e d ol looped
{non—condensed
looes) chromosome
Condensed form of
chromosome
Folded,
supercoiled
ot i~ 1400 nn chromosome
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Replication
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Translation
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DIFFERENTTYPES OF RNAS

MRNA: messenger RNA
— 2%
— mRNAtranscribes the genetic code from DNA into a form that can be read and
used to make proteins

— Eukaryotes: mRNA carries genetic information from the nucleus to the cytoplasm
of acell 2 premature RNA - mRNA

03/10/2019 BM HS-SHPT Y HOC 52



03/10/2019

DIFFERENTTYPES OF RNAS

e tRNA:transfer RNA

N — Cellular cytoplasm

— Involved in protein synthesis

— Transfer RNA brings amino acids to the
ribosome that corresponds to each three-
nucleotide codon of rRNA. The amino acids then
can be joined together and processed to make
polypeptides and proteins.
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DIFFERENTTYPES OF RNAS

e rRNA:ribosomal RNA

— Cellular cytoplasm

— TrRNA directs the translation of mMRNA into
Large proteins

ribosomal
subunit

BM HS-SHPT Y HOC
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DIFFERENTTYPES OF RNAS

 mMIRNA: micro RNA

— Short non-coding RNAs that regulate gene expression post-transcriptionally

— Bindtothe 3'-UTR (untranslated region) of their target mMRNAs and repress
protein production by destabilizing the mRNA and translational silencing.
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Hairpin pri-microRNA

(primary micro RNA) Exportin-5
1 A protein called exportin-5 transports \ ) .
a hairpin primary microRNA (pri-miRNA) 2%> Meanwhile, one of the strands joins a
out of the nucleus. group of proteins, forming an
microRNA-protein complex. The other
Protein strand, known as a passenger strand

is usually discarded.
How this all happens is still not
very well understood.

2 An enzyme called dicer (not shown) trims the
pri-microRNA and removes the hairpin loop,
leaving a double stranded microRNA duplex jyye b1 L WA
molecule. L il

Y d
’ » Base mismatch

L 1] T,’ ™. ’hl:r;onaute proteins

microRNA duplex

Passenger strand

microRNA
(abbreviated miRNA)
about 22 nuclectides long

microRNA-protein complex

3In plant cells, the microRNA is
usually perfectly complementary
to its target MRNA molecule.

oy
3°
o :\'\(\‘3(

The microRNA will bond with it, Endtlmucleolytic Blocked ribosome
and cause the mRNA to cleavage
break down.

Messenger RNA strands
%m RNA)

=

Nudeotides 13-16

Good base pairing

Perfect base pairing

3' Poly-A tail
\ Seed Region (Nudleotides 2-8)

Hasan A or U across fromiit

4 In animal cells, the microRNA nucleotides
typically don't pair up with the mRNA
nudeotides as well. Their base pairing often
follows a pattern though.

microRNA

Nucleotide 1
Has an A across from it

Deadenylation

&

5 The microRNA-protein complex's presence
blocks translation as well as speeding up
deadenylation (breakdown of the Poly-A tail),
which causes the mRNA to be degraded sooner
and translated less.
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RNA pol 1I Pri-miRNA

- MD-

( o
- Precursor ’ "LL
Nucleus miRNA >

Mature miRNA

Cytoplasm

MANA cleavags and degradation Translational inhibition
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3. GENETIC PROCESSES




DNA REPLICATION



03/

SEMICONSERVATIVE

Three postulated methods of DNA Replication

DD DD DD DD DD =, o o™

Semi-Conservative

Conservative™

DODODODPDD <L TP oas

Dispersive™

Mewly, synthesized strand

- Original template strand * not found to be
/2019 BM HS-SHPT Y HOC biologically significant
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DNA REPLICATION

i.  Quatrinh ban bao ton

)

ceil civsior - (Semi-conservative)
{mitosis

¥) . ii. GoOc sao chép (origins of
G1 replication - ori)
iii. Chiéu5' > 3'

iv. Gian doan @ moQt trong hai

cell prepares
to divide

R N .
~— chuoi
replication = S cell decides
oS ‘“E&'Q.?Z? “ X/ .
V. Moi“ (RNA primer)
vi. Protein enzyme dac hiéu.
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DNA REPLICATION — Prokaryote

Overview
Origin of replication

Leading strand Lagging strand

SRR Te P UL B e 'A/Le..f_

, ing strand
Single-strand tEagding siand
S = o _ Overall directions
binding protein - Si———t replication —l-
Holicass Leading strand
57 1 N3 N T—DNA pol III
B~ 3
&7 Primer Primase
Parental DNA 3 a3 ,
DNA pol 111 Lagging strand
5% .
BN DNA pol I DNA ligase
= 1y PO 2 R
S ' ‘ i
— L e e e R e e o o e e e e 3

5’
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DNA REPLICATION — Prokaryote
e

Origin of rot'k‘_:hon

v

—— Primer molecules

Replication forks
e

(1)
Replication
forks Py <
2 | DNA 11 polymeorase comploxes

. .

Replication forks -

2 /\

/ \
OO
Daughter duplexes

03/10/2019 (a) BM HS-SHPT Y HOC (b)
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DNA REPLICATION — Eukaryote

Sliding clamp

PCNA \‘/\\‘ &“ ‘ ‘\»(“" ‘]“’(lllr “ |
,‘ "“, ‘H\'\\\ v

ATX g

Pol &

Leading strand

Sliding clamp
PCNA

/ o Pol €

\\\\\\\\tg\\\\\ /

e
SSBs Okazaki é

RNA primer fragments
Pol a \ “;

DODGDIOTEES>

2 Ligase
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Origin of

replication Parental (template) strand

Daughter (new) strand
Double- Repllcatlon fork
stranded Repllcatlon

DNA molecule bubble

Two

daughter j

DNA

molecules \ —
/__ ‘

(a) Origins of replication in E. coli

.0.5 pm

Origin of r?plication Double-stranded DNA molecule

1 Parental (template) strand
Daughter (new) strand

Two daughter DNA molecules

b) Origins of replication in eu
éoozo'nc\??:le Pearson Educar 5 Inc., publishing as Pean sm'mﬁgm-r Y HOC
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TRANSCRIPTION



Pbon vi phién ma

 DNA gébm 3 phan chinh: promoter, trinh tw m3 hda, va két
thuc phién ma (terminator)

Upstream Downstream
Nontemplate
oter RNA-coding region

strand \ K Prom Sl '
DNA 3. — i
e L A

Template Transcription Terminator” Transcription
strand start site termination site

N

RNA transcript 5° | 3°
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@ Transcription is terminated.
NusA dissociates, and the RNA
polymerase is recycled.

RNA

DNA

RNA
polymerase

-/

Prokaryote
Transcription

Elongation continues.
o079 dissociates, and is
replaced by NusA.

> ) €© RNA polymerase core binds

to the DNA promoter.

. © Transcription
Closed complex bubble forms.

Open complex

BM HS-SHPTY H&®

Promoter clearance is
followed by elongation.
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An RNA hairpin is formed at a
palindromic sequence, reducing
the length of the RNA-DNA hybrid.

03/10/2019

s 3
! H
The mRNA is released.

RNA synthesis encounters
a terminator sequence.

The p helicase
binds to a rut site.

rut site

ATP  ADP+P,

The p helicase migrates along the mRNA
to the elongating RNA polymerase.

The p helicase separates the l
mRNA from the DNA template.

Prokaryote Transcription Termination
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Core promoter

=0 o

DNA ' ’ v

@ TFID binds to
TATA box in DNA.

, , TFID

]

€© TFIA and TFIIB form @ @

TFIIA TFIB

complex with TFIID.

© Resulting complex is
bound by RNA polymerase
attached to TFIIF.

RNA polymerase Ii

TFIE

TFIH

@ Preinitiation complex
is completed by addition
of TFIE and TFIIH.

complex

© RNA polymerase @®
undergoes

® ;
phosphowlw S-SHPT Y1H@@-ipﬁon begins

© 2012 Pearson Education, Inc.

Eukaryote
Transcription
Initiation
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@)

= Eukaryote
Transcription

|~ & TR )
=D
TEIH
2® - @ =
® ® € Pol ll is recruited to the DNA
i g ®
Elongation @
ors o ® @
fact ® OQ

Elongation factors dissociate. =
- The CTD is dephosphorylated as Termination

ter apr
facilitated by termination factors.

e Transcription elongation is aided
by elongation factors after TFIIE
and TFIIH dissociate.

The CTD is phosphorylated during initiation.
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Qua trinh truvong thanh cia mRNA

Poly-A signal

sequence
Enhancer Proximal e Es inati
(distal control elements) control elements errrgé?g nl s
'/ /\ Exon Intron Exon Intron Exon|
DNA 7 —:—:—7/
Upstream 24, Pt Downstream
romoter Transcription
Primary RNA Exon Intron Exon Intron Exon Cleaved 3’ end
transcript 54 ] = [ 1IN of primary

RNA processing ‘ transcript

Intron RNA < i ’1 Poly-A
signal

Coding segment

[ & N\

T AAAAAA] 37

T et Start SO, oo e
tail

Copyright © 2008 Pearson Educaton. Inc . pubishing &s Pearson Benjamn Curmmings
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Qua trinh truvong thanh cua

Qua trinh cat ndi pre mRNA — splicing
— Cat bd cac doan intron va ndi cac doan exon
— Enzyme |a splicesome (thé cat ndi)

Pre-mRNA
GU A AG
Exon 1 2 Exon 2

Y
intron

‘ ':,\ .'. 't Spiliceosome
Spliceosome ™~ I"
pre-mRNA A

attached to
SnRNA

(@

, 4
Spliced exons

03/10/2019 Lanal b1 /S SHPT Y HOC
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TRANSLATION
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First letter

Lo
uuc
LILIA

UGS |
CIUu

Cuc
CLUA

CUG |
AL

ALMC

ALlA

AlLMS

GLUU

GLC
GLA

GUG |

M3 di truyén

Second letier

}F‘h

- e

FlLau

rlle

Met

LICLU
ucCC
LUCA
LUCG

CCLU

L -

CCA

GGG

ACU

ACG
BM

ACA
ACG

GCu
GCC
GCA
GCG

Thr

Ala

A

ol
wac | T
UAA  Stop
UAG Stop

GA.I._I] .
A His

CAA
::AE}G""

HS-SHPT Y HOC

usEy
u=c
uUEA
U&EE

CGU

CEC
CEA

Gl

Al
AGC |
AGA ]
AGG

GG

GGC
GGEA

GGG |

BE0C G20C BP>0C D20C

Ia)la) pang L
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Amino acid Aminoacyl-tRNA

. %
i iiiid

5' Codon for alanine 3° mRNA

Aminoacyl tRNA
(an “activated”

amino acid) ‘.‘_"J
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Ribosome

(b) Schematic model

Growing
polypeptide chain

Deacylated
tRNA released
from E site Peptidyl-

transferase center

Decoding center
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Qua trinh dich ma

 Khoéng c6 su khac biét lon trong qua trinh dich ma
gitra prokaryote va eukaryote, trir giai doan m& dau
i. giai doan mo& dau (initiation)
ii. giai doan kéo dai (elongation)
iii. giai doan két thuc (termination)



30S ribosomal subunit

@j

IF2-fMet-tRNA,
+ mRNA

"\MF:;

fMet

prokaryote

30S initiation complex
S50S subunit

IF1 +IF2

70S initiation complex

5"(::_ﬂ.ﬁ;l__l'l'llz“"'l"’l

Initiation izctors
+ GTP
Met-tRMNA,

405 subunit

-

U I(/.--- ATP

S0S swburnit
with initiation \
COMporents . ADP + P,

605 subunit

Inisiation factors

R S

05 initiation complex

910AJe) N3




(1) Activation of
amino acids: the
tRNA is
aminoacylated

A/—o\—’uf ‘:;7

e Termination:
translation stops
when a stop codon
is encountered. The
mRNA and protein
dissociate and the
ribosomal subunits
are recycled.

© Protein folding

03/10/2019

(2] Initiation: the mRNA and the aminoacylated
tRNA bind to the small ribsomal subunit.
The large subunit then binds as well.

Aminoacyl-tRNA

Large subunit

&Smaﬂ subunit
5

Start Stop

O
@é —

BM HS-SHPT Y HOC
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IN SUMMARY



Gene la gi? Genome la gi?
Cé bao nhiéu loai gene?

Co thé cé co ché gi dé ddm bdo s6 luong gene phu hop vdi luong
chirc nang nhiém vu né bao dam?

Khac nhau giong nhau DNA va RNA? Tai sao?
Chirc nang nhiém vu ciia DNA va RNA? Tai sao?

Giai doan nao cla cac quad trinh truyén tai théng tin di truyén Ia
quan trong nhat? Tai sao? Cé sy gibng nhau gilta cac té bao
prokaryote va eukaryote khéong? Néu cd thi nhu thé nao? Néu
khéng thi tai sao?
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Any question?

THANK YOU
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