
Genetic Variation 



comparing DNA sequence of an -

calculate relatedness between any mismatches

individual with another individual Or
can be considered

another species.
individualshowgeneticalaspecies. a mutation/variant.



Likelihood of Finding Similar DNA Sequences Between Human and Other Organisms

& Sequence alignment between

Human DNA & other mammals &
vertebrates DNA shows striking
similarity in DNA sequence



Grepresents the remaining 0.
7 % & if you aligh your DNA with

ㄴ

someone else randomly, it
will match except for o1.

which translates into 3
million base pairs.



(there is a common misconception
that a mutation is disease-causing Mutation vs. Polymorphism.

while polymorphism is not disease-causing
& this is WG

& BOTH polymorphisms & mutations
could bee normal (x disease)

↳ disease-causing.

&BOTH "mutation" &
"Polymorphism" are changes
in DNA Sequence

BUT
←

↓
this disease-causing

&the difference between "mutation" & variant exists in.

"Polymorphism" has to do with the
5 % of the population

frequency in the population
"Polymorphism"

↳ <1 % - mutation

↳ ←
=> 1% e> polymorphism.





coding sequence of the
· this table is from a database "gomAD" specific gene (GJB2) & We can read the DNA

&f the same as the changewhich is an initiative between MIT & Harvard ↑ from -T on the change by -> looking at the chromosome coordinate& the idea was to sequence hundreds of thousands chromosomallevel
of supposedly healthy individuals. since they are ↳← complementary. looking at the (c) which has to do(depends on which

strand we are looking at← with the coding sequence of the gene.Coordinate 20763612 on ch
. 13, achromosoma - >

a.d #37 is changed
level change fromC to t is seen fro Val to Ile

ptn level

total # of times this
specific mutantallele (T

total # ofin this example) was found.
scanned

←
-

alleles.

←←

1665 out of 19952
alleles were found

-
- 1665 : 19952 = %. 3- 1% therefore it is considered

- to have this variant as polymorphism in the East

Asian population.
-=> 0.8%

↳ the same variant is considered
a mutation in Ashkenazi Jews

since it is <1 %

Conclusion:

"Polymorphism" & "Mutation"
terms could be used for

the same variant in 2

different ethnic populations.

therefore the term "Variant"
is more preferably used

especially in genetic testing

reports of hereditary diseases.



Mutation, polymorphism and variant 

“A mutation is defined as a permanent change in the nucleotide 
sequence with a frequency below 1% 

polymorphism is defined as a variant with a frequency above 1%

The terms “mutation” and “polymorphism,” however, which have 
been used widely, often lead to confusion because of incorrect 
assumptions of pathogenic and benign effects, respectively. 

Thus, it is recommended that both terms be replaced by the term 
“variant”” ACMG 2015 guidelines 

&a variant could be a

mutation or polymorphism.

AmericanCollege of Medical Genetics



• Genome mutations: affect the number of chromosomes in the cell, arising from errors in 
chromosome segregation during meiosis or mitosis. 

• A genome mutation that deletes or duplicates an entire chromosome alters the dosage and 
thus the expression levels of hundreds or thousands of genes. 

• Missegregation of a chromosome pair during meiosis causes genome mutations responsible 
for conditions such as trisomy 21 (Down syndrome). 

• Genome mutations produce chromosomal aneuploidy and are the most common mutations 
seen in humans, with a rate of one missegregation event per 25 to 50 meiotic cell divisions.

• This estimate is clearly a minimal one because the developmental consequences of many 
such events may be so severe that the resulting aneuploid fetuses are spontaneously aborted 
shortly after conception without being detected. 

• Genome mutations are also common in cancer cells

Categories of variation and their estimated frequencies

←

(Non-disjunction)

Chigh)

=> underestimated be sometimes this event occurs early on &
the embryo is lost before it is known that there is a pregnancy

in the first place.

↳ if we look at the chromosomal complement in the
tumor tissue ,

the # of chromosomes is commonly
abnormal (NOT 46) there are gains or losses.



• Chromosome mutations: mutations that alter the structure of individual chromosomes. The 
changes involve only a part of a chromosome, such as partial duplications or triplications, 
deletions, inversions, and translocations, which can occur spontaneously or may result from 
abnormal segregation of translocated chromosomes during meiosis. 

• Chromosome mutations, occurring at a rate of approximately one rearrangement per 1700 cell 
divisions, happen much less frequently than genome mutations. 

• Although the frequencies of genome and chromosome mutations may seem high, these 
mutations are rarely perpetuated from one generation to the next because they are usually 
incompatible with survival or normal reproduction. 

• Chromosome mutations are also frequently seen in cancer cells

part of a chromosome is deleted or duplicated
or inverted or translocated

, it could spontaneousre or inherited Structural NOT numerical.

←

=> they happen frequently BUT NOT

frequently inherited bcz they are

lethal.



does NOT involve-
the centromere
←

includes the
centromere ←

←

←

reoccurs when telomeres are deleted

& the ends become sticky
& fuse together forming a "ring chromosome"

↳ a chromosome with either

2 p arms or 2 q arms

i.e: isochromosome 59 il5a) means that ipmeans thatchassistch.5 has 2 g arms & NO parms.

abnormal event causes fusion
of p arms together (or garms)



• Gene mutations: mutations that alter individual genes. 

• Gene mutations are changes in DNA sequence of the nuclear or mitochondrial genomes, 
ranging from a change in as little as a single nucleotide to changes that may affect many 
millions of base pairs. 

• Gene mutations, including base pair substitutions, insertions, and deletions, can originate by 
either of two basic mechanisms: 

• errors introduced during the normal process of DNA replication, or 
• mutations arising from a failure to repair DNA after damage and to return its sequence to what 

it was before the damage. 

• Some mutations are spontaneous, whereas others are induced by physical or chemical agents 
called mutagens, because they greatly enhance the frequency of mutations.

When could it happen?

occuring with no reason

during Sphase (DNA replication)

←

↳ Anything that leads to a mutation
such as radiation, chemical agents,etc.



Replication Error

An incorrect nucleotide 
is introduced into one 
of the growing 
daughter strands only 
once every 10-10

million base pairs. 

Additional replication 
error checking corrects 
more than 99.9% of 
errors of DNA 
replication.

Because the human diploid genome contains approximately 6 × 109 base pairs of
DNA, replication errors introduce less than one new base pair mutation per cell 
division.

(according to the semi-conservative model)

&If an incorrect nucleotide is introduced to

the newly synthesized strand who undergoing
repair processes then it becomes a mutation.

↳ 0.1 % NOT corrected

Chaploid e 3 x 109 ↑
↑ probability that

significant #

of mutations

are NOT corrected



10,000 and 1,000,000 nucleotides are damaged per human cell per day by spontaneous chemical 
processes such as depurination, demethylation, or deamination; by reaction with chemical 
mutagens (natural or otherwise) in the environment; and by exposure to ultraviolet or ionizing 
radiation. 
Some but not all of this damage is repaired.

&Depending on the damage that
chemical modification

happens , we classify them :

covalent bonding between

adjacent bases on the same strand

袒
i

.e: thymidine
dimer

&Depending on the damage that

happens, there are different repair
mechanisms :

↳ i.e: BRCA1 & BRCA2

are involved in DNA repair

R if the damage is NOT repaired
it often leads to a permanent mutation.



Even if the damage is recognized and excised, the repair machinery may not read the 
complementary strand accurately and, as a consequence, will create mutations by introducing 
incorrect bases. 
Thus, in contrast to replication-related DNA changes, which are usually corrected through 
proofreading mechanisms, 
nucleotide changes introduced by DNA damage and repair often result in permanent mutations.



"

& there are more point mutations
in the sperms of older males than

younger males.

←

& the mitochondria arises

from endosymbiosis from
bacteria

, it does NOT have

repair mechanisms.



& there is something known as

strand slippage / looping

&
if "looping out" occurs in the introduce extra

- Insertion.newly synthesized strand nucleotides.

- if "looping out" occurs in the - Deletion
template strand{

(nucleotides that looped out in the template
strand during DNA replication will NOT be

part of the replicated sequence

-> Insertion -> Deletion



Gene and Variant nomenclature

Genes: https://www.genenames.org/

Variant: https://varnomen.hgvs.org/

←



Reference Sequence Types

Depending on the variants to be reported, different reference sequence files are used at the 
DNA, RNA or protein level. It is mandatory to indicate the type of reference sequence file using 
a prefix preceding the variant description. Approved reference sequence types 
are c., g., m., n., o., p. and r.:
• DNA

• g. = linear genomic reference sequence
• o. = circular genomic reference sequence
• m. = mitochondrial reference (special case of a circular genomic reference sequence)
• c. = coding DNA reference sequence (based on a protein coding transcript)
• n. = non-coding DNA reference sequence (based on a transcript not coding for a 

protein)



related to the mature
mRNA

& c . 1 refers to the 1st nucleotide of the first
codon which is the initiation codon ATG.

cih .
2ak.3

&c. -1 refers to the nucleotide

· before the 1st nucleotide in the

start codon.

& c-2 is the nucleotide located at
" #"is used to refer to the nucleotides 2 nucleotides before the "A" in the

located AFTER the stop codon. start codon.

③ note that some parts of the ⑫
- ist partis closer c. 36exon are non-coding

& box = Exons -> 2nd part is closer

thin line= Introns
_ to Exon 2 + c . 37-# ー

dark box = coding region
← ⑤stop codon in thewhite box = non-coding region after ATG codes

& anything pen (dark box)
middle of exon 2

& ↳ anything before does not ←

-eXOnT
code for a pan (white box) eexon 2

∴

¤ ^ ↑ ⑥
E _一円 c .37# c.37-1 ↳ after the stop codon (downstream

of the stop codon) is non-coding
→

5'-UTR is part
of exon 1 BUT-

←

it is non-coding ② a note:

upstream= "before"① Exon VS
.

Intron
引 一母 downstream = "after"

36 + #
a sequence of DNA sequence of DNA that

' = ← ← ーthat exists in the is spliced out (by a
⑧ this 5'-UTR is composed any nucleotide & those introns are imp. b ⑮nucleotideof ⑬anything AFTER the stop codon

mature mRNA their sequence is recognizedspliceosome) during mRNA of 30 nucleotides. after #36 is & spliced by spliceosomes.
exon 2 is 2. 37 (within the exon itself) is referred

processing & removed. (NOT & i. e: c. -10 mutation is located intronic if there is a mutation here- confusion of spliceosome - could be disease-coding
to c .

*# (3'- UTR)
10 nucleotides upstream (towards 5) @ ⑩ variant

found in mature MRNA. to the "A" of the ATG start codon.



from A-T

ー

⇒
it is typically expressed as : c. 76-78 del

which means that 76,
77

, &78 are deleted.

deletion of only 1 nucleotide.
-

c. 127 del is also correct

=>betweennucleotides-tion -> nucleotides 56
,

57
, &58 are

ㅣ deleted & CATG are inserted
in their place.

"Homopolymer" repeats of
~ the same nucleotide.

←

。

↳in this case we don't know which

C was deleted so there is a

consensus to assume the last

c (most towards 3) is deleted



->1-letter aa code is still used

especially in molecular oncology

←

more preferred
than ""



& Remember:

① an ad could be encoded by >1

-> caused by a synonymous
different codons

variant.
② if the DNA change still encodes

-> a .d #26 changed
for the same aa then the variant

from Trp -> Cys
is silent/synonymous.

& As DNA nucleotides counting starts
-> variant that from 5 to 3 · ptns ads counting

led to a stop codon. is from N-terminus to C-terminus.

-variant in a stop codon that

changed it& caused aa translation

ad ohutpositionisdeleted&te

e

eee Con in this case) & the termination

shifted to another 17 ads further
until another stop codon appeared

← downstream.(the pen became 17 a.a, longer)-G
.als #28

,
29, &d 30

-> a.ds # 4,
5, 46

are deleted.
←

are duplicated

-> those 3 a.ds are inserted
' between Lys2 & Met

& usually frameshifts lead

this frameshift mutation to a premature stop codon.

↳due to an insertion or
a .d #97 Arg became Pro

met a termination codon (early stop codon)
23 codons downstream

deletion mutation on the to the frameshift.
DNA level. ←



& there is something known as "Copy Number Variant

or CNV"which means a large deletion or duplication
if it is 31kb then it is considered as CNV.

& if only a few bases are deleted or duplicated then
it is considered "Indel" deletion or insertion.

σ a sequence that is non-coding
BUT it regulates the level of

expression

↳ mutations that change in size

across generations.

(previous lectures)


