MUTATIONS

WHaT IS a MuTarion?
* A MUTATION IS @ CHANgE In THE DNA SEQUENCE THAT Can arFecT HOW a &Ene WOrKS or IS
SHOWN.

TYPES OF MUTATIONS:
POINT MUTATIONS:

o MISSENSE MUTATION: THIS CQUSES @ DIFFEFENT aMIno acid T0 BE INCOrpPOrareD
INTO THE PrOTEIN, POTENTIALLY CHANBING ITS FUNCTION.

o NONSENSE MUTATION: THIS CHANBES an ammo acip cobon INTo a STOP CODON,
LEQDING TO @ SHOrTENED ProTEIN THAT May NOT WOrK ProPErLY.

o SILENT MUTATION: THIS CHANBES a NUCLEOTIDE BUT DOES NOT CHANBE THE aMIN0
acIb DUE TO THE TeDUNDANCY OF THE BENETIC CODE, USUALLY Having NO €FFECT ON

Silent Mutation: Maonsense Mutation:

AGCGTACCCTACam AGCGTFCCCTAC AGCGTACCCTAC=m AGCGTACCCTAB
e At ot ) Rt e A o e e e et et
Ser Val Pro  Tyr Ser Val Pro Tyr Ser Val Pro Tyr Ser Val Pro Stop
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AGCGTACCCTAC=I AGCGTAACCTAC
e e e ey e e
Ser Val Pro  Tyr Ser Val Thr Tyr

+  FraMESHIFT MUTQTIONS: THESE OCCUr WHEN NUCLEOTIDES are abDED Or DELETED FroM
THE DNA SEQUENCE, CHANgINg THE reaning FramMe OF THE BENETIC CODE.
o INSErTIon: ADDING ONE Or MOre NUCLEOTIDES SHIFTS THE FEaDINg FramMe and
CHanaEs THE aMino acip SeQUENCE.
o DELETION: REMOVING ONE O MOrt NUCLEOTIDES SHIFTS THE rtabing Frame anb
dLS0 CHANBES THE aMino acid Sequence.
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CHaracTerisTiICS OF DNA
A. STRUCTUrS

B. FUNCTION
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DNA IS @ DOUBLE HELIX STTUCTUrE MaDE OF TWO STTanDs OF
BUILDING BLOCKS CALLED NUCLEOTIDES.

€aCH BUILDING BLOCK, O NUCLEQTIDE, HaS THree Parts: a
PHOSPHATE 8rouP. a susar (CaLLed DEOXYTIBOSE), and One OF
FOUr Bases: aDenine, THYMINE, CYTOSINE, and guanine.
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THE BASE PaIrng ruLes TELL US THAT
dDENINE Pairs WITH THIMINE, and
CYTOSING PaIrS WITH guanine.
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THE Main JOB OF DNA 15 T0 STOME
BENETIC INFOrMATION THAT TELLS LIVING
THINGS HOW TO DEVELOP anD FUNCTION.
DNA 8IVES INSTTUCTIONS FOr Making
PrOTEINS, WHICH are IMPOrTanT For

FUNCTIONING IN THE BODY. hydrogen bonds
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D. CODONS and ANTICODONS:

CODONS: THESE are THree-LETTEr CODES 0N MRNA THAT TELL WHaT amino aciD
T0 MaKe (€8, AUG FOr METHIONINE).

ANTICODONS: THESE are THIEE-LETTEN CODES ON TRNA THAT MATCH THE MRNA
€ODONS, MaKING SUre THE TIBHT aMIno acib IS abDED.

€. STEPS OF TransLation:

InITarion: THE riBOSOME STArTS T THE STArT CODON (AUG) ON THE MRNA.
ELON&ATION: TRNA BINGS THE COFTECT aMIN0 aciDs T0 THE TIBOSOME,
MATCHING CODONS TO THE MRNA CODONS. THE rBOSOME CONNECTS THE aMino
dCIDS T0 FOrM @ CHain.

TErMINATION: WHEN THE TIBOSOME reacHes a SPECiaL STOP CODON (UAA, UGA,
Or UAG), THE TransLarion €nos, and THE PrOTEIN IS reLEASED.

Original Strand -
oNA
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DNA REPLICATION

A. PUTPOSE and WHEN

«  DNA TEPLICATION MaKES SUTE €aCH NEW CELL 8ETS a €XaCT COPY OF
THE DNA DUTING S-PHASE OF CELL DVISION.

B. STEPS OF DNA REPLICATION

«  UNWINDINg THE DNA:

o AN €NZYME CaLLED DNA HELICASE UNWINDS THE DOUBLE HELIX
and Creares a PLace CaLLED THE rEPLICATION FOrK WHETE
COPYNG HAPPENS.

- COMPLEMENTArY Base pairine:

o THE ENZYME DNA POLYMErase ands NEW NUCLEOTIDES T0
MaTCH THE TEMPLATE STranD.

LeaDIng and LageIng STranDs:

o THE LeaDINg STranD IS Mae In ONE LONg PIECE IN THE
DIFECTION OF THE rePLICATION FOTK.

o THE Lagelng STrand IS MaDe I SMaLL PIECES CALLED OKazakl
FragMENTs, WHICH are CONNECTED BY an0THEr €NZYME CALLED
LI8asE.

- FOr™Mation OF TWO NEW DNA MOLECULES:

o aCH NEw DNA MOLECULE Has One orieinaL stranb and One
NEW STranD. THIS 1S CaLLED SEMICONSErvarive repLcaTion.

D. DIFECTIONALITY:

«  DNA POLYMErase Can onLy abd NUCLEOTIDES N THE 5°T0 3
DIFECTION, SO THE LEADING STrand IS CONTINUOUS WHILE THE Lagelns
STranD Has DISCONTINUOUS PIECES.

€. PracTiCe DNA SEQuence:
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Labe! the diagram:

RNA primer
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A. WHQT IS GENE REBULATION?

@g/,

I GENE REBULATION

GENE resuLarion 1S How CELLS CONTroL WHEN anb HOW MUCH ProTeIns are
MaDE froM a 8ene.

B. STEPS OF GENE REBULATION:
TranscripTionaL CONTroL: SPECIAL ProTEINS BIND TO DNA TO DECIDE IF BENES
are on Or OFF.
RNA Processing ConTroL: THIS IS aBOUT €DITING THE MRNA TO rEMOVE €XTra
ParTs and KEEP THE IMPOTTANT ONES.
TranstationaL CONTrOL: THIS CONTTOLS HOW MUCH PrOTEIN IS MaDe FroM

POST-TransLarionaL ConTroL: THIS INCLUDES CHANges Mabe T0 ProTeIns
arTer THEY are Mabe, LIKE abDing SPECIAL CHEMICAL 8rouPs.

No lactose:

When lactose is absent, the lac repressor binds tightly to the
operator. It gets in RNA polymerase’s way, preventing transcription.

Promoter
| — |

CAP site | Operator [Jacz lacY | lacA

RNA Polymerases&»- Repressor

With lactose:
Allolactose (rearranged lactose) binds to the lac repressor and makes it
let go of the operator. RNA polymerase can now transcribe the operon.

Promoter
I —

CAP site | ] Operator | lacZ | lacY | lacA I
RNA POIyMErase g

Repressor

Allolactose




OF CHOMOSOMES.
o DUPLICATION: A SEBMENT OF DNA IS COPIED, LEADING TO €XTra BENETIC

+  SPLICING: NON-CODING Parts (INTrons) are removeD, and CODING parts (EXons)
are JOINED TOBETHET.

\ MATErIaL.
« 5 CaP and POLY-A TAIL: A 5 CaP aND a POLY-A TAIL are aDDED TO PrOTECT THE
o DELETION: A SEEMENT OF DNA IS LOST, TESULTING 1N MISSING &ENETIC
MRNA aND HELP IT LEAVE THE NUCLEUS,

INFOrmarion.

o INVErsion: A SEBMENT OF DNA IS FLIPPED TO THE OPPOSITE DIFECTION.

o TransLocarion: A SEMENT OF DNA IS MOVED TO @ DIFFETENT LOCATION, EITHEr
WITHIN THE SaME CHrOMOSOME Or TO @ DIFFErENT One.

MRNA ProC€ssIng: i o CHPOMOSOMAL MUTATIONS: THESE INVOLVE CHANgES IN THE STTUCTUrE OF NUMBEr

Primary RNA transcript
Exonl Intron Exon2 Intron Exon 3

l RNA processing

Spliced RNA

000  EonlEon2 Bon3 | AARAAAA
5' cap / Poly-A tail
Insertion Translocation

1 g

g

5’ untranslated 3’ untranslated
region region
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C. Causes OF MuTaTIONS:

< SPONTANEOUS MUTATIONS: THESE HAPPEN NaTuraLLy DUE TO €ITOrS IN DNA
repLICaTion Or repair.

+  INDUCED MUTATIONS: THESE are CauseD BY EXTErNAL FACTOrS SUCH as
rapiation, CHEMICALS, OF VIFUSES.

D. EFFECTS OF MUTATIONS:

TransLarion

A. PUrPOSE
«  Transtarion CHanges THE MRNA SEQUENCE INTO @ PrOTEIN BY LINKING aMIno
dcIDS TOBETHET 1N THE OFDET FrOM THE MRNA CODONS.
B. LoCaTioN:
[ransLaron Happens In THE rBOSOME aT THE CYTOPLASM.

C. TYPES OF RNA INVOLVED:
MRNA (MESSENEEr RNA): CArTIES INSTTUCTIONS FrOM THE NUCLEUS TO THE

CEEDOOD

ook - BENEFICIAL MUTATIONS: THESE Can BIVe an apvantage In SUrvivaL or
TRNA (TPQISFER RNA) BTTES T COMTECT aMIN0 aCIDS T0 1 TBOSOHE, /9'@ (CHODILITN S 55 ILTRERED FESISTAIE [0 DAHOES
: " 47+ WarMFUL MUTATIONS: THESE CaN LeaD TO BENETIC DISOFDErS OF INCrease THe risk
MATCHING THEM T0 THE MRNA CODONS USING anTICODONS, OF DISBASES,

TRNA (RIBOSOMAL RNA): MakeS UP ParT OF THE MBOSOME and HELPS N
JOININg THE aMIN0 aciDs TO Make ProTeins.

«  NEUTraL MUTaTions: THESE DO NOT HavE any SIBNIFICANT EFFECT ON THE
Organism.




EPIBENETICS

A. WHAT IS EPIBENETICS?
*  EPIBENETICS IS THE STUDY OF HOW €NvIroNMENTAL FACTOrS Can
CHangE 8eNt £XPression WITHOUT CHanaIng THE DNA
SEQUENCE [TSELE.
»  THESE CHANBES Can SOMETIMES BE PASSED DOWN TO FUTUTE
BeNerarions.
B. EXAMPLES OF EPIBENETIC FACTOS
DIET and NUTTITION:
A MOTHES DIET DUING Pregnancy can aLter eene expression i
HEr BaBY, AFFECTING TralTS LIKE METABOLISM O TISK OF 0BESITY.
e SITESS and MENTaL HeaLTH:
CHronIC STTESS Can ‘Turn OFF 8ENES THAT HELP reguLaTe MOOD,
POTENTIALLY LEADING TO MENTAL HEALTH ISSUES LIKE anXIeTy or
DEPrESSION.
e EXErCISE:
REBULAr EXErCISE Can aCTIvaTe 8ENES THAT IMPrOVE MUSCLE
FUNCTION anD OvEraLL HEaLTH.
«  SMOKINg:
SMOKING Can Cause EPIBENETIC CHANgES THAT LeaD TO HeaLTH

PrOBLEMS LIKE LUNG Cancer. THESE CHAnNGeS Can remain even armer |

SOMEONE QUITS SMOKING.

TranscripTion
A. PUTPOSE & LOCaTIon

\‘\@ «  THE PUrPOSE OF TranscripTion IS T0 COPY @ ENE'S DNA SEQUENCE INTO
|
©

MESSENEEr RNA (MRNA), WHICH CArTIES INFOrMATion froM THE NUCLEUS
10 THE IMBOSOME.
B. STEPS OF Transcriprion:

 INITIATION: THE €NZYME RNA POLYMEraSE aTTacHes 10 THE ProOMOTEr
ParT OF THE €Nt anD UNWINDS THE DNA.

«  ELONEATION: RNA POLYMEraSe anbS RNA BUILDING BLOCKS THAT MATCH THE
DNA STFanD, FOLLOWING THE TULES THAT aDENINE Pairs WITH UraciL anb
CYTOSINE PaIrs WITH suanine.

«  TErMINATION: TransCcripTion €NDS WHEN RNA POLYMErASE reacHEs a
SPECIAL Terminarion SEQUENCE and reLeases THE NEW RNA STran.

DNA: 5 - TAGGCCCGA - 3
MRNA:3 - -5
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