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THE BASICS OF INHERITANCE

".WIJAT IS INHERITANCE?

Inheritance is the transmission of genetic information from parents to offspring through DNA.

The GENETIC INFORMATION inherited from both parents can be expressed (learned in D12) to be displayed as a trait.
Traits are influenced not only by genetics but also environmental factors:

Environmental

factors
GINEs " [ Tram
GENE EXPRESSION
A segment of DNA that Observable feature/characteristic
codes for a protein. of an organism. Traits can either

be external or internal.

mum

Two haploid cells (n), the egg from the mother and sperm from the father, come together in a processes called
. The resulting cell is diploid (2n), a zygote, which will divide to eventually form the full baby.

Sperm cells are formed through spermatogenesis, and eqg cells are formed through oogenesis (see D3.1- HL)

Traits may be influenced exclusively by genetics, exclusively by the environment or by both. Here are some examples:

/,’ A —E_x_cfu_si_v_efy_ determined _b:_f v \\ - 3 —E_x_cfu_si_v_efy_ determined _b;.? // ¥ Determined by both
YODODGC GENETICS YonoDo ENVIRONMENT ¥ GENETICS & ENVIRONMENT 4
Features: Learned behaviors (1) Height

* Max height is genetic. Need nutrition in
order to reach your potential.

* ABO blood type (math, learning new song, etc...)

! 1 \
] ] ]
] ] 1
] 1 1
! ] 1
1 ] ]
] ] ]
W ] ) . ) 1
: Gisorderst : Acquired physical traits: : : * May have genetic component, but can also be :
! ] 1
] ] 1
| ] (]
] ] ]
] 1 1
1 ]
| ] "

* Huntington's disease e Scar triggered by cancer causing substances from 1
* Hemophilia * Tattoos the environment. :
* Color blindness
(3) Muscle building '
s N ER * Need t? train, but your muscle b}lilding
N VI - 4 \¢ potential depends on your genetics.

- - - e - a—————— -

- -
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O ) GENETIC INFORMATION

But how is this GENETIC INFORMATION stored in human beings?

Each cell of your body contains 46 CHROMOSOMES (44 autosomes and 2 sex chromosomes)—
«- with the exception of your gametes (egg or sperm cell) which contain half: 23 CHROMOSOMES.

A KARYOGRAM is an image/diagram that shows the chromosomes of an organism arranged in homologous pairs and in
order of decreasing size.

% ) X X X
oK IO S e
' ‘ : ¢ ° They contain

i Y or ither two
( ( ] \ They contain a -
‘6 “ (a 79 ‘10‘ ?11 \12( copy from the X’s or an X
dad and a copy and a V.

JU I~ 1 ¥ oow o on from the mum.

13 14 16 17 18 Dad Mom Dad Mom

Mom Dad Male (X,Y) Female(X,X)
" " ”n n '
\ 19 20 21 22 XY

23 (either XY or XX)

74

Diploid: A cell with two sets of chromosomes.
Where: Somatic cells [other than sex cells.)

QHow is sex/gender determined?
Karyogram of an egg or sperm,

: “Possibility of having a girl or boy is 50%”
with an X chromosome:

) ) | Mo Xioud

1 2 3 4 5

iﬂ» Female = 50%

6 7 8 9 10 1 12 x —

Male = 50%
J ) Yoov o \ XY} e )
y oo R \ v BIG BRAIN TIP!

For males it is

conventional to place ™)
Haploid: A cell with one set of chromosomes. the X before the ¥

Where: Sperm or eqgq cells (gametes)

19 20 21 22 X

-

Your gender is determined by the sex chromosomes you inherit
from each parent. You could inherit either an X or ¥ from your
dad, and an X from your mother. The combination you inherit
will determine your gender.
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© 3 6enes anp ALLELES

Chromosomes each contain various genes. The position of each gene on a chromosome is called a locus. Every gene’s
locus is fixed. The same gene is located on the same place on the same chromosome on different individuals.

GENE A section of DNA that codes for a protein. LOCUS Specific position of a gene on a chromosome.
(pl. Loci) A gene locus is fixed.
ALLELE

Version of a gene

BIG BRAIN TIP) -

[ Alieles can either be DOMINANT or RECESSIVE: NEVER use letters like: ey
(I F IR 0,3,:, 6, %Y, W, Lar Z
_J [Hard to distinguish capital and lower case]

DOMINANT (shown as capital letter)

Simply said, the dominant allele is the stronger allele. It masks the recessive (weaker) allele.

L
/

_— e e e e e e e e e e e e e e - - - - - - - - == === = — -

The dominant allele is one that has the same effect on the phenotype whether it is in |
9 < : HOMOZYGOUS (both parents gave it) or HETEROZYGOUS state (one parent gave it). 1
\

U AU S U USRI U AU U U MU LA LIRS U UG U RIS RIS I S U g g

RECESSIVE (shown as lower-case letter)

Simply said, the recessive allele is the weaker allele. It is masked in the presence of a
LOCI 4 dominant (stronger) allele.

The recessive allele, only has an effect on the phenotype :
when expressed in HOMOZYGOUS state (both parents gave it.) |

H | uhen expressed in WOMIEIGOS state (both parents gave 1) ,

Dad Mom

ALLELE COMBINATIONS

Since you inherit one allele from each parent, you will possess TWO alleles per gene.
The combination of those two are either called HOMOZYGOUS or HETEROZYGOUS:

HOMOZYGOUS e.g. FF and ff ™)

— , BIG BRAIN TIP!

Both alleles are the same allele (dominant or recessive) —~ .
It is conventional to placea /™
capital letter first: Bb instead / \

HETEROZYGOUS e-g- Ff of bB (but it is not incorrect)
Both alleles are different (dominant and recessive)
W The gene at this loci on chromosome 3
“Some traits are controlled by a SINGLE gene. determines ear lobe attachment in humans.

Others are controlled by MULTIPLE genes.”

([ F f ) Ear lobe attachment gene
FF Two different types of ear attachment
GENOTYPE > Fe exist: free or attached ear lobes
The allele combinations £
(genetic makeup) that you q g
possess.
GENE EXPRESSION

Environmental
factors

| PuEnotvPE |

Two alleles exist:

Observable feature/characteristic
of an organism. Traits can either
be external or internal.

(F) — the dominant allele

= free ear lobes ﬂ
Teach Me

" (f) — the recessive allele
= attached ear lobes a

C

@)
)
o
<
o
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AUTOSOMAL DOMINANT

A trait that presents if one or more alleles for it is present.

(F ) Example case: Ear lobe attachment gene

Since each person inherits two alleles for each
Two different phenotypes of ear attachment gene, there are three possible genotypes:
exist: free or attached ear lobes

Genotypes Phenotypes
Q g FF Free ear lobes
CARRIER Ff Free ear lobes

ff Attached ear lobes

Trm s G Since F is dominant over f (is masked), the

phenotype is the same whether FF or Ff
(F) — the dominant allele = free ear lobes

U (f) — the recessive allele = attached ear lobes CARRIER

Dad Mom An individual who has a recessive allele of a gene
that leads to a trait/disease if homozygous.

Autosomal dominant diseases: | In this example, individuals with genotype Ff are

* Huntington’s « Retinoblastoma carriers, as they have a recessive allele f. They
+ Marfan syndrome +  Achondroplasia don’t have the phenotype of the recessive allele

however, since both are required.

What genotype and phenotype outcomes are possible in the offspring if the parents are both HOM0ZYGOUS DOMINANT?

To answer such questions, we need to first determine the genotype of both parents for the trait:
Since both are homozygous dominant: S8 S8
F™ =F pugrr F.TF N~

]

‘I |

We can then construct a PUNNETT GRID (as seen below) in which we cross (breed/mate) the alleles of both parents
to reveal all possible allele combinations possible by these two parents.

Parent 1 (dad) \A

F A4 p A PUNNETT GRID/ SQUARE Remember du;’i-hé‘l;ép.t’-o'dl-‘lCtiOh, the

gametes made only contain half the DNA
Genotype: Genotype: of each parent: so only ONL allele from

- F FF FF ISPRING each parent can be inherited.
g Phenotype: Phenotype: Seietipe;
— 1000/ Homozygous L. X
N © dominant This is an example of a Monohybrid cross
%= (a cross involving a single gene):
§ | Genotype: Genotype: Phenotype: ¢ gea
[} O
a Free ear lobes MONOHYBRID CROSS

F FF FF 100/0 On/e | \Mating

| Phenotype: Phenotype: Mix (gene)
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m%:wotgpe and phenotype outcomes are possible in Parent 1 (dad)

0 the offspring if the parents are both HETEROZYGOUS? F f DELS DR
Jrrdr NIy
s Genotype: Genotype:
Start by determining the parent’s genotypes: enoFgEe GHOFUF"F Genotype:
— F o Homozygous
Parent 1 (dad) Parent 2 (Mum) £ 157 dominaurgc
E | Phenotype: Phenotype: 509/ Heterozygous
©
< Genotype: Ff Genotype: Ff c: 257 Homozygous
< © recessive
} Heterozygous Heterozygous 9 | Genotype: Genotype: X
o Phenotype:
o) I
it Phenotype: Free lobes Eif Phenotype: Free lobes f F'F 'F'F ’57 Free ear lobes
U Phenotype: Phenotype: 2570 Attached ear
© lobes
Construct the Punnett grid:

IMPORTANT TO NOTICE ! F
This is a concept of CHANCE: it does not necessarily mean if you BIG BRAIN TIP' Eﬂ
f

have 4 kids, and both you and your partner are heterozygous for |

On the exam, if asked to draw a
the trait that one will have attached earlobes. punnett grid, this is sufficient:
Instead, each kid has in % CHANGE of having have attached earlobes.
When considering an AUTOSOMAL DOMINANT trait, there are various k[Y TAKAWAYS from the crosses we can make:
Parent 1 (dad)

Parent 1 (dad)

Parent 1 (dad)
F — F T F —  F T F —T1 F —
Genotype: Genotype: Genotype: Genotype: Genotype: Genotype: (
~
~F FF FF - F FF FF - Ff Ff
E | Phenotype: Phenotype: E Phenotype: Phenotype: g Phenotype: Phenotype:
N N N
-E - -
54 Gonoupe : 5 4 3
= enotype: Genotype: Y Genotype: Genotype: 9 Genotype: Genotype:
@

Q Q O‘.v

. FF FF . Ff Ff ¢ Ff Ff

| Phenotype: Phenotype: | Phenotype: Phenotype: Phenotype: Phenotype: N
\ ' 4

If-one-of-the-parents-ischomozygous
dominant;-then-all-the-children-will-display
the-phenotype;-regardless:of-their-genotype:

Despite-BOTH-parents-having-the These two examples are
phenotype;-they-could-produce TEST CROSSES.
offspring-do-not-have-the-phenotype:

See more on next page.
r A
Parent 1 (dad)

Parent 1 (dad) Parent 1 (dad)

— F — ¢ F — - f — "
Genotype: Genotype: Genotype: Genotype: Genotype: Genotype:
-~ F FF Ff - Ff ff —f ff ff
E Phenotype: Phenotype: g Phenotype: Phenotype: jgi Phenotype: Phenotype:
~ o | o
€ | £ € |
g Genotype: Genotype: 9 Genotype: Genotype: % Genotype: Genotype:
@
Q aQ Q
¢ Ff Ff e Ff ¢ ff Ff QO
| Phenotype: Phenotype: Phenotype: Phenotype: | Phenotype: Phenotype: ‘
‘ ' o
v
Phenotype-ratio-3:1-if-parents TeachMe
* i i [
are-both hQ‘tQFOZggOUS. the colors (blue, yellow and red) are only to help you identify the genotypes at a glance! '}‘
FF (Free ear lobes) Ff (Free ear lobes) I:I Ff (Attached ear lobes) @
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‘ There is one more special type of cross: the TEST CROSS,

. (T[ST CROSS A genetic cross used to determine the genotype of an organism displaying a dominant phenotype.
~J

\ﬁyﬂwe height of a pea plant is an autosomal dominant trait: T is the tall allele, and t is the short allele.

-

1. You cross this individual with a homozygous recessive (tt) individual.

2 _ If all the children have dominant phenotype (are tall)
- then the unknown plants genotype must be homozygous dominant (TT).

. _ I half the children have dominant phenotype (half tall, half short)
- then the unknown plants genotype must be heterozygous (Tt).

Parent 1 (unknown)

T —T1— t T —T1— T
Genotype: Genotype: Genotype: Genotype:
st Tt tt st Tt Tt
..8 Phenotype: Phenotype: ..8 Phenotype: Phenotype:
EITHER o | Tall Short OrR 3 | Tall Tall
g | Genotype: Genotype: g | Genotype: Genotype:
5 ;
sy Tt tt Tt Tt
Phenotype: Phenotype: Phenotype: Phenotype:
Tall Short Tall Tall

[ for gounely]

Parent 1 (unknown)

= You find a tall pea plant, but you do not know what its genotype is: it could either be TT or Tt.
To figure it out, you perform a test cross:

2

|

TT or Tt tt

Question: A test cross was carried out, and the offspring showed a ratio of 1:1 for the dominant : recessive
phenotypes. What are the genotypes of the parents?

Working steps:

We know this is a test cross, therefor one of the
parents must be homozygous recessive. The other
must have at least one dominant allele. Start by

We also know that half the offspring
presented a dominant phenotype, while
the other half presented the recessive

Finish filling in the Punnett grid with
the allele which would give the correct
phenotypes to the offspring. In this

setting up a Punnett grid to show this information:

phenotype. Fill this in the Punnett grid. case, it must be a recessive allele.

Parent 1 Parent 1 Parent 1
Genotype: Genotype: Genotype: Genotype: Genotype: Genotype:
2 Aa 7a a2 Aa ?a a2 Aa aa
o~ | ~ | Phenotype: Phenotype: f: | Phenotype: Phenotype:
- - €
< B 13
9 9 =
H | s | g | Genotype: Genotype:
Q Genotype: Genotype: Q Genotype: Genotype: A ype: ype:
a Aa ?a a Aa ?a a HAa aa
| | Phenotype: Phenotype: | Phenotype: Phenotype:

Final answer:

Therefore, the parents’ alleles must be:

Homozygous recessive (aa) and heterozygous (Aa).

*NOTE: you can use any letter to represent
the alleles when not stated in the question.

28

a
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AUTOSOMAL RECESSIVE

A trait that only presents when BOTH alleles for it is present.

Example case: Phenylketonuria (PKU)

diseased (phenylketonuria - PKU) 7
Q 0,0
[ B b ]Gene '@GJ

(PAH) L ~

Two alleles exist:

(B) — the dominant allele = normal

(b) — the recessive allele = abnormal (PKU)
o
Dad Mom

MECHANISM OF DISEASE

Two different phenotypes exist: normal or

Phenylketonuria (Pku)

You have an amino acid in your body called phenylalanine.
This amino acid is toxic however. Therefore an enzyme

(PHENYLALANINE HYDROXYLASE) converts it to tyrosine (which is
non-toxic).

PAH GENE codes for phenylalanine hydroxylase. There are two
alleles of this PAH gene: B or b. When transcribed and
translated, this gene produces the protein:

The B allele gives rise to a normal protein (enzyme).
The b allele giver rise to defective protein (enzyme).

b allele
7¢t allele

b allele
204 allele

PHENYLALANINE HYDROXYLASE

(enzgme)

‘[{]‘PMLNVLALAMN[H Ownosm[
toxic amino acid)

non to><|c

+ Genotype BB will produce only normal enzymes.

+ Genotype Bb will produce some normal and some defective proteins:

but the number of normal enzymes is enough to prevent PKU.

+ Genotype bb will only produce defective enzymes. You are therefore

phenylalanine hydroxylase deficient and have the disease (PKU).

Consequences: Treatment:

_@@ Impair brain
t—"  development

examples; eggs, chicken, nuts.
Need dietary supplements.

COMMON CONFUSION:

aa For-example, if we consider the height of the pea plants from earlier, we can say that the trait (phenotype) of TALL

Since each person inherits two alleles for each
gene, there are three possible genotypes:

Genotypes Phenotypes
BB Normal
CARRIER Bb Normal
bb Phenylketonuria

Since B is dominant over b (is masked), the
phenotype is the same whether BB or Bb

CARRIER

An individual who has a recessive allele of a gene
that leads to a trait/disease if homozygous.

In this example, individuals with genotype Bb are
carriers, as they have the recessive allele b.

Autosomal recessive diseases:

* Albinism .
» Cystic fibrosis * Thalassemia
¢ Sickle cells disease « Phenylketonuria (pKLU

I

Parent 1 (dad)

Tay Sachs disease '

Omit foods high in phenylalanine.

B —T1 b T/
Genotype: Genotype:
Notice that
== B B B B b neither parent \
3 . . has the
£ Phenotype: Phenotype: disease. But
N they are both
€ carriers.
Q | Genotype: Genotype: ==
W | ’ -
Q B— -
b Bb bb ( H
Phenotype: Phenotype:
YEESPRING
Genotype: Phenotype:

H
7,
500/0 Heterozygous

D% o

’570 Normal
157, exu

Y

Jplants is inherited in an AUTOSOMAL DOMINANT fashion. Whereas the trait of SHORT plants is inherited in an AUTOSOMAL Teaeh y

' REGESSIVE fashion. It all depends on WHICH trait you are considering!

a
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.When considering an AUTOSOMAL RECESSIVE trait, there are various k[Y TAKAWAYS from the crosses we can make:

If-both-parents-are-affected;-then-the
child-will-also-be-affected-(not-true-for
autosomal-dominant-trait)-

A
f \
Parent 1 (dad) Parent 1 (dad)
Genotype: Genotype: Genotype: Genotype:
- b
B Bb | Bb | gb bb | bb
g Phenotype: Phenotype: E Phenotype: Phenotype:
< 5
£ £ J
o J Genotype: Genotype: 5 Genotype: Genotype:
¢ Q
Q
B Bb Bb b bb bb
Phenotype: Phenotype: 1 Phenotype: Phenotype:
\

J

If-one-parent-is-affected-(homozygous);-it
does-not-mean-the-child-will-be-affected
(not-true-for-autosomal-dominant-trait)-

Parent 1 (dad)

Parent 2 (mum)

B A __ & b A
Genotype: Genotype:

BB Bb
Phenotype: Phenotype:
Genotype: Genotype:

Bb bb
Phenotype: Phenotype:

P_AO-L_Am

)

Y
If-a-child-is-affected; but-both-parents-are-not
affected; then-both-parents-must-be-carriers:

Bb (normal - carrier)

bb (PKU)

*the colors (blue, yellow and red) are only to help you identify the genotypes at a glance!
I:I BB (normal)
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SEX-LINKED

A trait whose gene is located on one of the sex chromosomes (X or Y).

Sex-linked traits may either be on the X or ¥ chromosome. X-linked
genes may be inherited in a dominant or recessive manner.

== MECHANISM OF DISLASE ==

Haemophilia
- -~ For IB, we only focus on X- This is a disorder in which b!ood
linked recessive disorders. does not clot properly. Causing the
o X linked dominant individual to be at a high risk of
o X linked recessive bleeding to death from a “minor

injury”. Bleeding can be either
internal (e.g. inside your joints) or
external (e.g. knife wound).

Example case: Hemophilia (X-linked recessive)

Two alleles exist:

(XH) — the dominant allele = normal blood clotting Medical treatments Q
— s (XP) — the recessive allele = hemophilia give people affected »
by haemophilia a
No allele is present on the ¥ chromosome better quality of life.
X X XY
Since each person inherits either two X’s (females) or an X apd a ¥ (males), five combinations are possible:
p QJ

XHXH Normal blood clotting E XHY Normal blood clotting
In Males

XPY  Hemophiliac

\,
In Females XHXh Normal blood clotting, carrier &

Only females can be carriers (not males)

Xhyh Hemophiliac

_ X-linked recessive diseases:
., Notice how the annotation for sex-linked disorders is different

¢ Hemophilia
<> compared to autosomal disorders. A prefix (X or ¥) is used to 'E]EJ . Col rr;l’ d (in h )
5 indicate that the gene occurs on a sex chromosome. And a — ofor biindness iin fiimans

— superscript is used to show the allele as dominant or recessive. — *Duchenne muscular figstrophg (DMD)

When considering an X-LINKED RECESSIVE trait, there are various k[Y TAMAWAYS from the crosses we can make:

For-a-girl-to-get-a-sex-linked-(recessive) If~thesmom-has-the-disease
trait-thefather-must-have-the-disease;, (recessive); the-boys-will-always Males-are-affected
and-the:mother-must-be-at-least-a-carrier: get-the-disease: more-than-females:
A A A
r \ r \ r \
Parent 1 (dad) Parent 1 (dad) Parent 1 (dad)
Xh 17— Y T I_ X —T1— Y | Xh T— Y T
Genotype: Genotype: Genotype: Genotype: Gen(:{gpe:h Ge""“ﬁe:
H

_xH YHyh wHy X XHyh Xhy =X XX X7y
£
g Phenotype: Phenotype: g Phenotype: Phenotype: E | Phenotype: Phenotype:
< | < -
2 £ 5 4
o Genotype: Genotype: 2 Genotype: Genotype: 5 Cnoi Genotype:
S g Xhyh h S XHX h “xn XEXP | xHy

Xt Xy X Xy X

Phenotype: Phenotype: Phenotype: Phenotype: Phenotype: Phenotype:
\ ) %_J
Y
Boys-can-only-get-sex-linked-traits-from-their. Only-females-can-be
mom:=Since-they-always-get-one-Y-chromosome carriers;-not-males:
from-dad;-the-X-chromosome-must-be-from-mom: m
TeachMe
I:I)(Hy or XHYXH (normal) I:I XhY or XXh (Color Blind) I:I XH#Xh (normal - carrier) *the colors (blue, yellow and red) are only to 2;

help you identify the genotypes at a glance!
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CODOMINANCE

wo alleles for a particular trait are both expressed equally in the phenotype of an organism. Neither allele is
dominant or recessive: both contribute to the organism’s appearance, neither is masked.

W Human Blood Groups

h m Blood Type

. Prefix “Ior i” refers to blood type.

Three possible alleles exist: -l
f (1) — blood group A <> Irefers to the dominant alleles (A & B).
[ ] (8] — lasd gran B}COdomi”anc‘? £ i refers to the recessive allele (0).
J = A and B are codominant alleles. —

Q g (i) — blood group O

Each allele codes for a different antigen (protein) that will be placed on your red blood cells. I?
codes for A antigens, I® codes for B antigens, and i codes for no antigens. An antigen is like a
label that identifies a cell as either your own body cell or a foreign cell (not your own body cell).

If you are blood group A with genotype II? then your body will make anti-B antibodies (little
weapons) that attack/eliminate red blood cells with B antigens as they are not part of your own

@) body cells. This is why you cannot receive blood from someone with a different blood type to you.
Dad Mom
Chromosome 9
Parent 1 (dad, Blood Group A) Four different phenotypes can be created from the alleles (you learned
— A o .- blood groups in (3.2):
= I i
Q Genotype: G :
3 enotdpe enotype BLOOD GROUPA  BLOOD GROUP B BLOOD GROUPAB  BLOOD GROUP O
5 B A8 I5i 2 - %
< s
-§ Phenotype: Phenotype: § @
= |
2
£ enotype: Genotype:
~ . IR i A =
S A a © A8 NONE
9 Phenotype: Phenotype:
(Y
§ |

An'ti-B W& Anti-A Absence of Anti-A Anti-A antibodies
Antibody Antibody or Anti-B antibody

Anti-B antibodies

BIG BRAIN TIP!

In codominance both alleles are shown 1A BB 118 i
in the phenotype. In incomplete
dominance (see the next page), both ] IBi

Genotype Antibody Antigens

alleles are shown incompletely. Instead,
the phenotype is an intermediate/blend
between the two alleles.
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L INCOMPLETE DOMINANCE

Neither allele is completely dominant over the other, resulting in a blended (intermediate) phenotype in a heterozygous
individual. Neither allele is dominant or recessive: both contribute to the organism’s appearance as a blend.

W 7 Hair shape in humans

o

Two alleles exist:

(HS) — straight hair (S)
(HE) — curly hair (C)

Since each person inherits two alleles for each
gene, there are three possible genotypes:

INTERMEDIATE

Genotypes Phenotypes
HSHS Straight hair
HSHC Wavy hair
HCeHC Curly hair

A mix of both curly

Hair shape gene

HSHC HCHC

HSHS

NOTE!

The prefix (here “H”) can be any letter you want. Here we
picked H for hair. Try not to use X however, as it is easy to
confuse with X-linked genes. The superscript (S or C) refers
to the specific hair type. We don’t use upper-case and lower-

case for a single letter as neither allele is dominant or
recessive. They are both going to contribute equally to the
phenotype as a blend. Hence, we use two different letters

W

@
Dad Mom

and straight

Parent 1 (dad, staight hair)

HS —T— HS
:&; Genotype: Genotype:
<
-
Z Phenotype: Phenotype: Notice that neither
£ | parent has wavy
g | hair but all their
: Genotype: Genotype: offspring do.
g HC¢ HSHC HSHC
E | Phenotype: Phenotype:

W 2 The 4 o’clock flower WMirabilis jalapa - marvel of Peru

Two alleles exist:
(CR) — red flowers (R)

(CY) — white flowers (W)

Flower pigmentation

Genotypes Phenotypes
CRER Red flowers
CREY Pink flowers
cHey White flowers

white flower

cwcw

L)
( Y a
‘ 33
\
g ]

ed flower

CRCR

pink flower

CRcW

Since each person inherits two alleles for each
gene, there are three possible genotypes:

INTERMEDIATE
A mix of both red and
white pigmentation
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PEDIGREE CHARTS

Pedigree charts are diagrams that are constructed to show biological relationships. In genetics, they are used to show
how a trait can pass from one generation to the next.

Female

O

Male

Unaffected

Between siblings

RELATIONSHIP LINE
Between parents

SIBLING LINE |

N~ —

e LINE OF DESCENT

. ' With the trait INDIVIDUAL Between pz-arents
(affected) LINE and offspring
Unaffected
° El @ O (Carrier) BE ANAR[!
If an individual is a carrier
g Deceased they may be shown as such,
but not always.

You need to be able to recognize the type of inheritance for a given trait based on the patterns seen on the pedigree
chart (specifically autosomal dominant, autosomal recessive and x-linked recessive). Each type of inheritance presents
within families with distinct patterns:

7.AUTOSOMM- DOM|NANT e.g. Huntington’s disease

P a5 Genotypes Phenotypes
%'?;\:x } ‘T’ 9? e i )./aa ; Tw(oH)a“—d:i:c):ws’:on’s allele (dominant) i it dlis
v\ﬂ:\\\/\*\ A4 l d (h) — Normalgallele (recessive) Hh Huntington's disease

Normal brain HD brain hh Normal trait

GENERATION

Bz

2

*Keep in mind, pedigree charts
normally do not show the
genotype for each individual.

Autosomal Domirfant

INDIVIDUAL * If an individual as the disease,
one of the parents must have
the disease.

« If both parents have the condition,
the kids won’t always have the
4 condition.

I1 and I2 are both heterozygous, but they
have one unaffected kid (I2).

* It can’t skip generations — all
generations show the trait.

'Notice the high rate of death in this

%

pedigree, this is associated with the
high mortality of Huntington’s disease.

Another way of talking about the different generations:
P — parent generation (I)

F1 — first generation of offspring (II)
F2 — second generation of offspring (1)

“F” = filial (refers to offspring generations)
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© 9 AUTOSOMAL RECESSIVE  c.. atinion

#M_{;} (

Autosomal Recessive
* If both parents have the trait,

Two alleles exist: 24 Unaffected ]‘15(]32(1 IIE:j l;f;l)n have it: all their kids get
it an
(A) — Normal allele (dominant) . . .
o ) Aa Unaffected * Kids can have it even if both
(a) — Albinism allele (recessive) - T parents don’t have it. Since

parents can be heterozygous.
1 and 02 both are heterozygous, they
have one kid affected (II2).

Generations can be skipped.

® In generation 1, individual I2 has albinism.
| Aa Neither individual II1 nor his wife II2 has
albinism (generation skipped), but one of

their kids have albinism (II2).
Aa @ Aa

—_— —

-—-.l--
4 T -

2 z
g r
Jor-Yey -
1 2 3 4

3 X_I_INKED R[C[SSW[ e.g. Red Green Colorblindness
. #M—{} .
X-linked Recéssive

Two alleles exist: Genotypes Phenotypes
(G) — Normal allele (dominant) XEXE Unaffected female e For a girl to get the trait, the
YO Unaffected female dad must have the trait.

(g) — Colorblindness allele
(recessive) XIX9 Color Blind female \

X&y Unaffected male
Xay Color Blind male

* If the mom has the trait, all sons
will get the trait.

* Males more commonly have the

trait as they only need one
disease allele, compared to
females that need both.

_®
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The following two patterns are more for your own interest, you would not need to identify these kinds of
inheritance patterns on a pedigree.

L’ INCOMPL[T[ DOMINANC[ e.g. 4 o’clock flower petal color Genotypes Phenotypes
Two alleles exist: RR Red flower

(W) — White flowers RW Pink flower

wWw White flower

(R) — Red flowers
' WW @ :"',.
2 - A ',

1 -
—/ ( \
@ 0 @
< A 64 \— A il
| 2 3 4 5 6
CIEICN - IC
1 2 3 4 5

5 IngreeoinG ( BONUS)

For your own interest; notice how inbreeding causes an increased frequency of recessive disorders:

Inbreeding is the mating or breeding of individuals that
are closely related genetically (cousins, siblings, etc.)

8 (70 i
i

5 6

Double lines indicate inbreeding
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: MENDEL, GENETICS & DATA

".GR[GOR MENDEL EXPERIMENTS

Gregor Mendel, a farmer, cross pollinated purebred pea plants in a series of experiments.
Transferred pollen (male sperm cells) to the ovules (female egg cells.) N\

Pure breeding tall plants Pure breeding short plants

-

-

PURE BREEDING

A cross that always produces
offspring of the same phenotype
(are homozygous for the trait).

- ; Simply put, when an individual has
[ Q’ (pure bred) =17 | (pure bred) a trait that all its ancestors have
‘?‘ Tt it is a pure-bred organism.
You can notice that although the one parent is tall
% + % % % ﬁ and the other is short, all the offspring are tall.
\ / . P / Mendel would then refer to “factors’ the tall plant
= >\ e \ e\l having a stronger factor over the short plant.
TT “ Tt

“He would then self pollinate the offsprings (F1) and notice interesting pattens (see below) of inheritance in F2”

W? W?

Tall Short II Green Yellow
T"I*'\/’ X % P generation X P generation
. .
v I I v -
Ny = F1 generation I I F1 generation .

l Self-fertilization ]

lSe/f fert/'/iza tion
v

’hﬂ" “';gb % F2 generatlon I I F2 generation

Tt Tt tt”

I e —
287 7;7 " 6022 2001
787 : 277 6022 : 2001
2.84:1 3.01:1

At the time, the role of DNA and alleles were not discovered yet. Today we know that the tall allele is dominant over
the recessive short plant allele. Thus, heterozygous offspring (F1 generation) would have a dominant phenotype.
Because of our understanding of inheritance today, we are also able to explain the 3:1 ratio of the F2 generation.

Mendel experimented with various other traits, such as White X Purple and Smooth X Wrinkled - ‘
Noticing everytime that the ratio between the phenotypes approched 3:1 in the F2 generation.

Due to to his contributions to modern genetics, Mendel is considered the father of genetics and thus TeachMe
the patterns of inheritance mentioned earlier can be called Mendelian patterns of inheritance. a
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‘ Z.SINGL[—NUCLEOTII)[ POLYMORPHISMS ( SNPS)

What do different alleles exist? Often times, different alleles are made by SNPs.

gene
—

These occur when a nucleotide of a gene,
such as T, is not found where it is expected,
and instead an individual will have another
one, such as C, at that position.

G @
LIl

Individual A

If the difference occurs in a coding region, it
may cause an amino acid change, and hence
protein functional change. Such a variation in

a nucleotide indicates a different allele.
Individual B

2 PuENOTYPIC PLASTIGITY

What: An organism’s ability to express its phenotype differently depending on the environment. It does so by varying its

patterns of gene expression. A phenotype change without a genotype change.

Advantage: Effective way of adapting. Allow organisms to adapt to subtle changes in environment without need of
genetic changes.

Duanple -7

e.g. physa virgata (snail)

Predator cues

Bluegill fish
Lepomis macrochirus

>

Environment has ample insects: Normally, the snail has

Round/shorter
No need to make much maltase to break down an elongated shell shell

grain. Enough nutrition from insects. Depending on predator cues, the snail will be expressing

Environment has few insects: its genes slightly differently:

Need to increase expression of maltase genes, since More difficult for its predator to crush. There is NO

not enough nutrition from insects alone. genotype change (not a mutation): the snail still has the
same alleles.

Environmental

factors .
GeNorvee ) - | PuENoTyPE | O
- S
The allele combinations SION Observable feature/characteristic
(genetic makeup) that you of an organism. Traits can either

be external or internal. TeachMe

possess.
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What: When variation can be placed in distinct categories.
Example: Blood Type.

(discrete)
e 0

What: When variation has a wide range of possibilities. g 1 @
No distinct categories.

Example: Height, eye color, skin color

“With multiple genes, the number of oy
possibilities for a single trait increases.” ~ “‘
A
. AL
Key Features: B ires: .P‘é ) .‘
A Best plotted as a bar chart. J 0 <9
60 The order does not matter (no trend) A Best plotted as a curve.
_ 504 The order matters (trend)
2
S 40+ 3
H §
g 30- Can determine a mode, s Can determine a mean, to
«
§ 20 but not a mean. = show central tendency.
104
0
al Bl gt ol
Blood group Height
Usually occurs when a trait is determined by a single gene. Usually occurs when one trait is determined by two or more

genes (polygenetic inheritance).

“Some traits are controlled by a single gene, while others are controlled by multiple genes.”

— BOX-AND-WHISKER PLOTS =

Key words: Minimum, Maximum, Median, Lower quartile, Upper quartile, IQR, outlier.

Learning with an example (continuous trait) - Height in different countries:
South Africa
[ 1349, 140, 155, 160, 160, 175, 178, 185, 186, 190, 195, 200, 205 ]

France BIg Bram TPt | N
[142, 149, 157, 168, 169, 174, 178, 182, 186, 191, 197, 200, 206 | Median # Mean (average)
H(;ig:\tthin Height in Q1 Q2 Q3
Africa A min max

- . South’) 25% e 25%
Minimum Min 139 142 Africa [ 25% 257 —I
Maximum Max 205 206
Median Med (Q2) 178 178

) IQR

Quartile 1 Q1 160 168
Quartile 3 Q3 190 191 |
: L FramceI
P IOR (03-Q1) 30 23 | |

ange
N Q1 - 1.5xIQR 115* 1335 ) . . . . . . .

utie Q3 + 1.5XIQR 235 2255 I 1 1 1 1 1 1 1 1

130 140 150 160 170 180 190 200 210

*example calculation: 160—1.5x30=115

¢ Shows visually the SPREAD of the « Identifies the median (middle + Useful to compare data sets

data, NOT an average. number) and outliers. (e.g- heights between countries). ( ‘

IQR shows where the middle 50% of data is.

You cover more on box-and-whisker plots in your math class!







