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\nheritance Patterns

Complete Dominance

Homozygous dominant and
heterozygous look the same

Codominance

Heterozygous is both dominant
traits in organism

Incomple% Dominance

Heterozygous is a blend between
the two dominant traits
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Monohybrid

Heterozygous for ONE trait

Complete Dominance:
21 ratio

Incomplete or Codominance:
1:2:]

Dihybrid
Heterozygous for TWO traits

Complete Dominance:
9:2:5:1 ratio
Incomplete or Codominance:

©:5:5:2:1:]
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\nheritance Patterns

Autosomal Inheritance

Allele is located on an autosome
(non-sex chromosome)

Sex-Linked

Allele is located on a
sex chromosome

Maternal Inheritance

Allele is located on the DNA
found in a mitochondrial or
chloroplast

Linked Genes

Genes located on the same
chromosome closely together
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\nheritance Patterns

Autosomal Inheritance

Allele is located on an autosome
(non-sex chromosome)

Sex-Linked

Allele is located on a
sex chromosome

Maternal Inheritance

Allele is located on the DNA
found in a mitochondrial or

chloroplast
Linked Genes [ Sex-Linked Recessive ] ) 1
Genes located on the same
chromosome closely together o



\nheritance Patterns

Autosomal Inheritance

Allele is located on an autosome
(non-sex chromosome)
Sex-Linked

Allele is located on a
sex chromosome

Maternal Inheritance

Allele is located on the DNA
found in a mitochondrial or

chloroplast
Linked Genes [ Autosomal Dominant ]
Genes located on the same

chromosome closely together &



\nheritance Patterns

Autosomal Inheritance

Allele is located on an autosome
(non-sex chromosome)

Sex-Linked

Allele is located on a
sex chromosome

Maternal Inheritance

Allele is located on the DNA
found in a mitochondrial or
chloroplast

Mltochondrlal Inherltance]

Linked Genes

Genes located on the same
chromosome closely together




Central Dogma

replication

7

DNA =2 RNA =2 Polypeptide

transcription > translation >

Retroviruses will use reverse
transcriptase to synthesize DNA

from their RNA genome




Location

* FEukaryotes: nucleus

* Prokaryotes: nucleoid
Structure

* Eukaryotes: multiple linear
* Prokaryotes: single circular

Reminders about DNA:

* DNA made up of:
- hitrogenous base (A, T, C, ©)
- pentose sugar (deoxyribose)
- phosphate group

* FPurine (A/G) have a double ring
structure

* Pyrimidine (C/T) have a single
ring structure

* Base FPair Rules
- A & T with 2 H bonds
- C & G with 3 H bonds

R@plication

Zx

)

* Sideedness

- 5’ end: phosphate

- & end: hydroxyl group
* Directionality

-Read & to D’

- Synthesize D" to &’
(Remember ANTIPARALLEL)




R@plication

2

Important Enzymes

* Helicase unwinds the DNA strands

* Topoisomerase relaxes supercoiling in
front of the replication fork.




Important Enzymes )

R@plicatiom

29

Helicase unwinds the DNA strands
Topoisomerase relaxes supercoiling in
front of the replication fork.

Primase synthesizes the RNA primer
(DNA polymerase requires RNA
primers to initiate DNA

Fri

Frimase




Important Enzymes ko

R@p‘icatim

Zx

Helicase unwinds the DNA strands
Topoisomerase relaxes supercoiling in
front of the replication fork.

Primase synthesizes the RNA primer
(DNA polymerase requires RNA
primers to initiate DNA synthesis).
DNA polymerase synthesizes new
strands of DNA continuously on the
leading strand and discontinuously
on the lagging strand. A * g __
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R@plication

Important Enzymes %’ 5’

* Helicase unwinds the DNA strands

* Topoisomerase relaxes supercoiling in
front of the replication fork. Leading Strand: :

* Primase synthesizes the RNA primer Synthesized continuously >
(DNA polymerase requires RNA toward replication fork
primers to initiate DNA synthesis).

* DNA polymerase synthesizes new
strands of DNA continuously on the
leading strand and discontinuously
on the lagging strand.

* Ligase joins the fragments on the g kil -

lagging strand. - - o Lagging Strand: ¥
\ - Synthesized discontinuously
E < E away from the replication fork
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sugar )
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Tranécription

“v,m%%%% - )
| Template Strand

(noncoding strand,
minus strand, or antisense strand)
N

- - - i -
. . .
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Location Reminders about RNA: * Base Pair Rules
* Eukaryotes: nucleus  »  DNA made up of: - A & T(DNA)/U(RNA) with 2 H bonds
* Prokaryotes: nucleoid - hitrogenous base (A, U, C, G) - C & G with 3 H bonds
(cytosol) - pentose sugar (ribose) e Sidenesses
- phosphate group -5’ end: phosphate
* FPurine (A/G) have a double ring - 2" end: hydroxyl group
structure * Directionality @A)
* Pyrimidine (C/U) have a single ring -Read 3 to 5 [

<
structure - Synthesize 5’ to 3 &



Tranecriptiom

Important Enzyme & Components

* RNA polymerase synthesizes mRNA
molecules in the 5" to &’ direction by reading
the template DNA strand in the 3" to 5’

direction.

FPromoter: site where RNA polymerase binds

to start tranecription
Tranecription Factors: activators/inhibitors

to turn on/off gene expression



Poet—Tranacriptional Modifications

5’ Guanine Cap

* Sighals the “start” of the mRNA
transcript for ribosome to bind

* Facilitates export from nucleus

Poly-A Tail

* Inhibits degradation from
hydrolytic enzymes in
cytosol

Sglicing
e Removal of introns from
pre—mRN/\ transcript




Translation

Second Base in Codon

Large Subunit
(binds TRNA)

‘ Small Subunit
(binds mRNA)

Ribosome
(rRNA)

Location
* FEukaryotes: cytosol/rough ER
* FProkaryotes: cytosol

Steps of Translation

* Initiation: start codon (AUG)

* Elongation: base pair between tRNA/mMRNA
with amino acid added

* Termination: stop codon (UAG, UAA, UGA)

First Base in Codon

U C A G
uuu UCU) | UAU UGU U
UUC}PhE uccC ... UAC}TH UGC}CY" C
UUA}LE UCA UAA Stop| UGA Stop| A
UuUG UCG) | UAG Stop|UGG Trp | G
CUU) CCU] CAU] ... |CGU U|s
cuc| | cccl, [CAC]™™ fcoel, | C |3
CUA [-*%| CCA[™™®| CAA] 5, [CGA[™= | A | ©
CUG CCG | CAG) CGG | G |=£
AUU] ACU] | AAU AGU}S U|g
AUCHlle | ACC || AAC/ M AGC]>™ | C | 5
AUA ACA [T AAA] AGA}N“ A |E
AUG Metor| ACG | AAG] 7 | AGG G |F
GUU] | Gcu] [Gau], |GGU U
GUC|y,.. | GCC |y, | GaC] P |6Ge| . | €
GUA['" | cca ™ GAA] . [GGA Y[ A
GUG, GCG) | GAG/™™ |GGG G
V'



Second Base in Codon

Translation I

uuu UCU| UAU] UGU] . | U
- UU{:_}F']"3 ucc | ¢, | UAC] o l.,ncnt:}“:}Ih C
UUA], .. | UCA UAA Stop| UGA Stop| A
UUG] UCG) | UAG Stop|UGG Trp | G
Z CUU) CCU CAU] ... |CGU U|E
2| ¢ | CUCH ou| €CC Lo, CACIT |CGCL, | C | B
O CUA [ZY| CCA [0 CAA] ;  [CGA [P | A | O
amino acid - CUG CCG | CAG] CGG G |=
L¥] )
Glu gl |auu ACU] |AAU] AGU} ulg
2| Al Auctie | Acc | | AACIASM|AGC ]S | ¢ |5
£ [AUA ACA [T AAA] o AGA}MU A |
AUG Metor| ACG | AAG] AGG]"° |G |F
GUU GCU] GAU] Asp | GGU U
: GUC GCC | ,,.| GAC] ™F | GGC C
Anticodon G GUA Val GCA Ala| ., l GGA Gly ik
(LRNA) GUG GCG Ul GGG G




Second Base in Codon

Translation I

uuu ucu UAU UGU U
U UUC_}Phﬂ ucc | ¢, | UAC] o UGC}C-‘”S C
UUA], ., : UAA Stop| UGA Stop| A
UUG] UCG UAG Stop| UGG Trp | G
Z CUU) v CAU] ... |CGU U|E
2 | ¢ | CUC o0l CCC Lo, | CACI™ |CGC, | C |2
O CUA CCA CAA] . [CGA[ME [ A |
amino acid = CUG| CCG | CAG CGG G E
Ser 2| [auu ACU] | AAU| AGU} I
~{ A AUC][IE acc |- | AAC[At [aGe[Ser | ¢ |3
£ [AUA ACA AAAT s AGA}MU A |E
AUG Metor| ACG | AAG] AGG]"° |G |F
GUU GCU] [GAU], |GGU U
c loucly, | aeely [ eac P laael; | C
GUA GCA GAA] . [GGA[Y | A
GUG GCGJ) | GAG] GGG G




Second Base in Codon

Translation I

uuu UCU| UAU] UGU U

U UUC_}Phﬂ ucc | ¢, | UAC] o UGC}C-‘”S C

UUA], .. | UCA UAA Stop| UGA Stop| A

UUG] UCGJ |UAG Stop|UGG Trp | G
Z CUU) CCU CAU] ... |CGU U|E
2| ¢ | CUCH ou| €CC Lo, CACIT |CGCL, | C | B
O CUA CCA CAA] . [CGA[ME [ A |
= CUG| CCG | CAG] CGG G |=
o b7
2 AUU ACU AAUL AGU}S ulg
> | o | AUCTle | ACC | | AAC/ M AGC P! | C |5
£ [AUA ACA [T AAA] o AGA}MU A |
AUG Metor| ACG | AAG] AGG]"° |G |F

GUU GCU] | GAU],  |GGU U

c loucly, | aeely [ eac P laael; | C

GUA GCA GAA] . [GGA[Y | A

GUG GCG) | GAG GGG G




Translation

aseq

amino acid

Ser

First Base in Codon

Second Base in Codon

U C A G
uuu UCU| UAU] UGU U
UUC_}PhE ucc | ¢, | UAC] o UGC}C-‘”“ C
UUA], .. | UCA UAA Stop| UGA Stop| A
UUG] UCG) | UAG Stop|UGG Trp | G
CUU] CCU) CAU',HE U
cuc| lcecl, JcAc)™ C
CUA [ cCA [T CAA] A
CUG| CCG| |cAG) G
AUU ACU]  [AAU] U
AUCHlle | ACC [ | AAC] ™! C
AUA ACA [T AAA] o A
AUG Metor| ACG| | AAG) G
GUU GCU|  [GAU] , U
GUC|,, | GCCly | GAC] P C
GUA GCA GAA| A
GUG GCG) |cag/Y™ G

Third Base in Codon




Translation

First Base in Codon

Second Base in Codon

U C A G
uuu UCU| UAU] UGU U
UUC_}PhE ucc | ¢, | UAC] o UGC}C-‘”“ C
UUA], .. | UCA UAA Stop| UGA Stop| A
UUG] UCG) | UAG Stop|UGG Trp | G
CUU] CCU) CAU‘,HE U
cuc| lcecl, JcAc)™ C
CUA [ cCA [T CAA] A
CUG| CCG| |cAG) G
AUU ACU]  [AAU] U
AUCHlle | ACC [ | AAC] ™! C
AUA ACA [T AAA] o A
AUG Metor| ACG| | AAG) G
GUU GCU|  [GAU] , U
GUC|,, | GCCly | GAC] P C
GUA GCA GAA| A
GUG GCG) |cag/Y™ G

Third Base in Codon



Translation




Mutations

Foint Mutations

Mutation at one nucleotide base pair

Silent
ho change in
amino acid (AA) Frameshift
Missense insertion/deletion of 1 or 2
change from one AA nucleotide base pairs
to another AA shifts the reading frame for
Nonsense codons

change from AA
to STOF codon

ORIGINAL DMA; m COrasEonds to the e soid leucing

uuuuuuuuuuuuuu FIETRS L FTETOH e TR TR TN

Lol oo e e
Fullarers =il |.ril.r|

Chromosomal Mutations
Rearrangement of chromosome parts

or changes in chromosome numbers

Rearrangement
Insertion
Deletion

Duplication
Inversion
Translocation

Changes in Chromosome Number
Nondisjunction
Folyploidy




Operons

Gene Regulation found in prokaryotes

FPromoter
Site when RNA polymerase binds

Repressible Operom

Example: Trp Operon
synthesizes tryptophan

Starts: ON
Repressor: INACTIVE

If trp is present...
Trp binds to repressor to ACTIVATE
Repressor binds to operator to turn
the operon OFF

Operator (Genes
Site when repressor binds DNA

Inducible Operorn

Example: Lac Operon
synthesizes enzymes to break down lactose

Starts: OFF
Repressor: ACTIVE

If lactose is present...
lactose binds to repressor to INACTIVATE
Repressor no longer binds to operator to

turn the operon ON
L




- |
Gel Electrophoresis Polymerase Chain E—
Separate molecules based on size and charge Reaction (PCR)

|

l 95°C - Strands separate 1. Denaturing

> - —— - - Makes multiple copies of
;:_—l =— T DNA fragments

= R Steps l §5°C - Primers bind template 2. Annealing
1. Heating

:

3

® ® ® 2. Cooling —
[N ﬁwlrnp\.es Powsesr e buwved on Tre %m:ﬁmu’*‘b gae ,
e e e eops, | Spored by s 3. Annealing _—

l 72°C - Synthesise new strand 3. Extension

BioTechnology

O e s DPacterial Transtormation s © oottt 6ot gt

p bockexiuwm
\ ) ) \/ Template DNA a | > T »

O \ l . ' T i L - -
] Ploswid I ntr‘Od U 66 6 H 6tl C m at@ rla | ddATP  ddTTP  ddGTP  ddCTP (c) ° ‘ @ © L
H ot o 5 | j o bacter! o ©0 0 © « .9 )0 it A
. Polimerase  dNTPs Primers \' Y h ddNTPs stops chain extention
tecte (plasmid) to bacteria i 'y |
P‘msmjd D N A 6 6 qu 6 l/] C l I/] @ (@ Fluorescently labelled DNA sample 0) zﬂﬂl'i:?eﬁi e;::::::o'::::‘oresls and ® sgque,;c; a:alTysLs :ndT ,e:o:s:ucuo.,
—~ O ' ' ' LI O DNA Sample
OB Use radioactive nucleotides B l - ,
%o to determine the sequence x| O
> q e = -
Prorein tector |-2:s4
of a DNA strand i T



M D co FPhenotype Number of Offspring
LEARNINGe
Gray body, long wings 42
Black body, apterous wings 4
Gray body, apterous wings 9
Black body, long wings &

A student in a biology class crossed a male Drosophila melanogaster having a
gray body and long wings with a female D. melanogaster having a black body
and apterous wings. The following distribution of traits was observed in the
offspring.

Which of the following is supported by the data?

a. The alleles for gray body and long wings are dominant.

b. The alleles for gray body and long wings are recessive.

c. Genes for the two traits are located on two different chromosomes, and

independent assortment occurred. -' "
6H66 for the two traits are located close together on the same o

. . @
chromosome and crossing over occurred between the two gene loci. v




MARCQO

LEARNIN Ge

Multiple Choice Practice

When DNA replicates, each strand of the original DNA molecule is used as a template
for the synthesis of a second, complementary strand. Which of the following figures
most accurately illustrates enzyme-mediated synthesis of new DNA at a replication

fork?

\ /"

-31

.31
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M DCON Multiple Choice Practice

Sickle-cell anemia results from a point mutation in the HBB gene. The mutation
results in the replacement of an amino acid that has a hydrophilic R-group with an
amino acid that has a hydrophobic R-group on the exterior of the hemoglobin

protein. Such a mutation would most likely result in altered
ropertiee of the molecule as a result of abnormal interactions between adjacent

hemoglobin molecules
b. DNA structure as a result of abnormal hydrogen bonding between nitrogenous

bases
c. fatty acid structure as a result of changes in ionic interactions between adjacent

fatty acid chains
d. protein secondary structure as a result of abnormal hydrophobic interactions

between R-groups in the backbone of the protein



MARCO i \ B FRQ Practice (2016 #7)

LEARNING.
x x Chromosome 2

Free Response Practice:

In a certain species of plant, the diploid number of chromosomes is 4 (2n = 4). Flower color is controlled by a single gene in which
the green allele (G) is dominant to the purple allele (g). Plant height is controlled by a different gene in which the dwarf allele (D)
is dominant to the tall allele (d). Individuals of the parental (F) generation with the genotypes GGDD and ggdd were crossed to

roduce F1 progeny.
" i F1 = GgDd

(a) Construct a diagram below to depict the four possible normal products of meiosis that would be produced by the F1 progeny.
Show the chromosomes and the allele(s) they carry. Assume the genes are located on different chromosomes and the gene for

flow color is on chromosome 1. I|




MARCO i \ B FRQ Practice (2016 #7)

LEARNING.
x x Chromosome 2

Free Response Practice:

In a certain species of plant, the diploid number of chromosomes is 4 (2n = 4). Flower color is controlled by a single gene in which
the green allele (G) is dominant to the purple allele (g). Plant height is controlled by a different gene in which the dwarf allele (D)
is dominant to the tall allele (d). Individuals of the parental (F) generation with the genotypes GGDD and ggdd were crossed to

produce F1 progeny. Test Cross = GgDd x ggdd

(b) Predict the possible phenotypes and their ratios in the offspring of a testcross between an F individual and a ggdd
individual.

99 Yo Green Dd | da
99 V2 Purple D 44

Prediction (1 point)
Cree e 1 green dwartf: 1 green tall: 1 purple dwarf: 1 purple tall




LEARNIN Ge

Chromosome 2

MARCO @ IRl  FRQ Practice (2016 #7)
X

Free Response Practice:

In a certain species of plant, the diploid number of chromosomes is 4 (2n = 4). Flower color is controlled by a single gene in which
the green allele (G) is dominant to the purple allele (g). Plant height is controlled by a different gene in which the dwarf allele (D)
is dominant to the tall allele (d). Individuals of the parental (F) generation with the genotypes GGDD and ggdd were crossed to

roduce F1 progeny.
" i F1 = GgDd

(b) Predict the possible phenotypes and their ratios in the offspring of a testcross between an F individual and a ggdd

individual, Prediction (1 point)
e 1 green dwarf: 1 green tall: 1 purple dwarf: 1 purple tall

(c) If the two genes were genetically linked, describe how the proportions of phenotypes of the resulting offspring would
most likely differ from those of the testcross between an F, individual and a ggdd individual.

Identify difference (1 point)
e The majority/greater than 50 percent would have the parental plant phenotypes
¢ QGreater than 25 percent would be green dwarf plants and greater than 25 percent would be
purple tall plants
e Lessthan 25 percent would be green tall plants and less than 25 percent would be purple
dwarf plants



MARCO FRQ Practice (2020 CED)

LEARNIN Ge

Free Response Practice:

In humans, the gene that B-O
determines a particular condition ==

has only two alleles, one of which (B) (J) ‘ O @ é)
is completely dominant to the other MR e N NS
(b). The phenotypes of three (5 a) A) ﬁ (5 d) &
generations of a family with respect "' 7 # % Bl R R A A
to the condition are shown in the Male without condition

pedigree in Figure 1. Individuals are -f“';“""‘_:“d“‘°“di_
numbered. i,

Figure 1. Inheritance of a particular condition over three generations

of a family



FRQ Practice (2020 CED)

MARCQO

LEARNIN Ge

Free Response Practice:

(a) Describe the process in eukaryotes that ensures that the number of
chromosomes will not double from parent to offepring when gametes

fuse during fertilization.

Describe the process in eukaryotes that ensures that the number of chromosomes will not double from

parent to offspring when gametes fuse during fertilization.
Homologous pairs of chromosomes separate in meiosis |, so the gametes are haploid (n), and each

gamete receives only one member of each chromosome pair.



MABRCO FRQ Practice (2020 CED)

LEARNIN Ge

Free Response Practice:

(b) Explain how any one chromosome in individual 16
containse DNA that came from both individuals 1 and 2.

L -.D—-é)

666#6.&6.6& 0

11 12 13 14 15 18 19 20

D Male without condition
. Male with condition

O Female without condition
Individual 5 inherited one member of each homologous pair @ renale vith condition

During gamete formation in individual 5, crossing over occu

homologous pair. Thus each chromosome formed and pass Figure 1. Inheritance of a particular condition over three generations
fa famil

both 1 and 2. e




; FRQ Practice (2020 CED)

Free Response Practice:

(c) Use the template figure of the pedigree and the allele designations B
and b to indicate the aenotvoes of individuals 2. 4. &. and 16.

=0 Bb
0 Bb mo cre_bb oo

ST0Ry  SLLBb eb &2

11 12 13 14 15 16 17 18

D Male without condition

. Male with condition
O Female without condition

. Female with condition




MARCO FRQ Practice (2020 CED)

LEARNIN Ge

Free Response Practice

(d) Based on the pedigree, explain whether the inheritance pattern of
the condition is sex-linked or autosomal and dominant or recessive.

— o %
The disease phenotype is recessive and is autosomal/not sex-linked. It cannot be dominant because
individuals 3 and 4 do not have it, but their offspring 14 does. It is not sex-linked because if it was
Y-linked, all male offspring of males with the disease phenotype would have the trait, and they do not.

18 1% 20 21

11 12 13 14
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Follow us on your
favorite social
media channels!

o

@marcolearning

@ @apbiopenguins
. @theapsoluterecap
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