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Genetics: The study of how hereditary information is organized, expressed, and inherited.
S e glo S
Central to modern biology
Rapidly progressing

Broad reaching implications for all areas of biology, especially agriculture & medicine
Fear of abuse can be properly addressed only with understanding of principles and

© applications
Transmission Molecular . .. -
genetics genetics J.GL‘; VJ.::U o cu\.:) Q‘bﬁ}-" CLQJ
Lo ®
Population -

genetics & -1&: [}
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1.6 Genetics can be subdivided into three inter-
related fields. (Top left, Alan Carey/Photo Researchers; top 2
right, MONA file M0214602 tif; bottom, J. Alcock/Visuals
Unlimited.)
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Figure 10.3 All dogs are members of the same species, Canis familiaris, ~a e 4 bla C‘ef‘;' .
yet artificial selection has resulted in a wide variety of breeds. Ecoli pasmics cloned cells with
recombinant DNA
Recombinant DNA can be cloned to produce
many copies of a specific segment of DNA.



o= 56
Jdw I J3®
(Classical Genetic s s33) Jite SBLEST 51 das®

DNA (il)5 olasd 4l 5 50, 0L iS®

S ol e oSG & g 4 K5 4 e Ol Sl 3
0138 4 53le 5 5y 51 Slie JUasl S8 03 92 = hs 0Lyl Y smelson 1

&b;@obwm‘&jvb)‘gﬁgb)}@ .2
OlS o5 S sl -
Sl g 35,57 Jal =¥
153,57 on o S5 e e ) 03 4T (93131 o 5 me
Lamarck SSHLY L1

Darwin cpals .2

13557 s ly JolSS e 55855 50 53 Sgline 4 ka0 93 8 Y pl Slidows

Lamarck =2 Inheritance of Acquired Characteristics
S T Ologas Calyg 0l pe o
Ry OMGH\iJﬁT JQWQQ‘JJ"}AJJJJJ‘J’L%)}\’ gs_f)\.oy)‘y



Ol awy 059 JulS Gl STl dal sl

e BT 1

wumo))éc')x .2
ol JUo Frve 315 g dB e
s oy et S okl Jle b O sls

. / . 3
Sopl 5 AL siuaib 3
Aoy aoes ¥ 0 15 JaT 0,6 5555 cadeis b sy o g dalgd pl 5l pgyls

.(EVOIVed) GMT)béaéQJW 4;6».1).\3 )}Jﬁ GUCJL.?- i
Sl b Sl (S Jes e e 0

L b bl a8 1" Ol gt o 1 555 0 i a5 e )3
5,5 0k On The Origine Of Species by Means Of Natural Selection



Darwin did not use the word “evolution” in the original edition of The Origin of
Species. (“Evolved” is used once — it is the final word in the book.) Instead, Darwin
spoke of descent with modification. One reason he did not use the word
“evolution” is that he felt it implied progress —that each generation was somehow
getting better (that is, was improving in some way).
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Biogeography is the study of the geographical distribution of
species. Darwin’s thinking was influenced by the distribution of
animals. Recall that he wondered why the birds in the Galapagos
Islands so closely resembled those on the closest continent, South
America. This suggests that animals on islands have evolved from
mainland migrants, with populations adapting over time to adjust to
the environmental conditions of their new home. Originally, New
Zealand and Australia were part of the supercontinent Gondwana.
As these countries drifted away from Gondwana, due to the shifting
of the continental plates, they became isolated from other land
masses. Once isolated, populations unique, or endemic, to these
islands evolved.
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Figure 10.10 The geological time scale shows when organisms first appear in the

fossil record.
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Such anatomical signs of evolution are called homologous structures. Homologous
structures have not only similar numbers of bones but also similar numbers of
muscles, ligaments, tendons, and blood vessels. They also have the same
developmental origin

e
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human frog bat porpoise horse

Figure 10.15 These vertebrates have the same basic arrangement of bones,
but the bones have been put to different uses.
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Embryology has also been used to determine evolutionary relationships among
animals. When the embryos of organisms are examined, similar stages of embryonic
development are evident. For example, all vertebrate embryos (including humans) go
through a stage in which they have gill pouches (as shown in Figure 10.17). At certain
stages in the development of the embryo, the similarities among fish, birds, humans,
and all other vertebrates are more apparent than their differences.
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fish reptile bird mam.mal

Figure 10.17 Similarities in the embryos of fish, reptiles,
birds, and mammals show evidence of evolution.
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* Human, Chimpanzee :%2.5
e Human, Gibbon : %5.11
* Human, Green monkey : %9

Macro-evolution is evolution on a grand scale; it is large evolutionary change such as the

Al

evolution of new species from a common ancestor or the evolution of one species into two. The
modern camel, for example, evolved over 65 million years from a small ancestor that was not

much larger than a rabbit.

Micro-evolution is the change in the gene frequencies within a population overtime. It is

evolution within a species, or evolution on a small scale.

Paleocene Eocene Oligocene Miocene
66 million 54 million 37 million 26 million
years ago years ago years ago years ago

Figure 11.1 Paleontologists have used fossils to trace the evolution of the
modern camel.
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In small populations, the frequencies of particular alleles can be changed drastically
by chance alone. This is called genetic drift.
The Bottleneck Effect
Populations can be subject to near extinction as a result of natural disasters such as
earthquakes, floods, or fires, or of human interferences such as overhunting or
habitat destruction. The surviving population is unlikely to represent the gene pool
of the original population. The bottleneck effect is a situation in which, as a result of
chance, certain alleles are overrepresented and others are underrepresented (or
even absent) in the reduced population. Genetic drift then follows and the genetic
variation in the surviving population is reduced.
The Founder Effect
When a small number of individuals colonize a new area, chances are high that they
do not contain all the genes represented in the parent population. The change in
allele frequencies that result in this new population is called the founder effect. The
particular alleles carried by these founders are dictated by chance only.
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A windstorm or tornado can
deliver new seeds or pollen to a
population. This movement of new
alleles into a gene pool, and the
movement of genes out of a gene
pool, is called gene flow.
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Tall and dwarf
varieties are
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€) Al the hybrid
progeny are tall.

o First Generation
The hybrid
progeny are
self-fertilized.

o Second Generation
Tall and dwarf
plants appear
among the
offspring of
the hybrids
approximately
in a ratio of
3 tall : 1 dwarf. 787 Tall 277 Dwarf

RS L (K55 0w ol ol 87 5 iy (slaslss 55 Sl
P: Tall X Dwarf . , , PR, . T
F,: Tall B9 9 e bl (Fp) Jol s 015 3 rLo.’ sly sl
F,XF,: Tall X Tall 5hsls 35T (Self-Fertilized) 68 = 5 b 511, WF,

F,: Tall : Dwarf L35 0B sSTL YWY 5 il VAV gl fd 5 L3581+ PF
787 : 277 =»3:1
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10.] Mendel’s Results from Monohybrid Crosses

PARENTAL GENERATION PHENOTYPES F, GENERATION PHENOTYPES
DOMINANT RECESSIVE DOMINANT RECESSIVE TOTAL RATIO

@ 5474 1,850 7,324 2.96:1

&

(. Spherical seeds x Wrinkled seeds

Va _\}

Yellow seeds x Green seeds Q@ 6,022 2001 8023  3.01:1

w Purple flowers x White flowers ﬁﬁp 705 224 929 8.15:1
\ Inflated pods x Constricted pods / 882 299 1,181 2.95:1
\ Green pods X Yellow pods / 428 152 580 2,821
ég# Axial flowers x Terminal flowers % 651 207 858 3.4l

Tall stems x Dwarf stems ; 787 277 1,064 2.84:1
(1 m) (0.3 m)

LIFE: THE SCIENCE OF BIOLOGY, Seventh Edition, Table 10.1
© 2004 Sinauer Associates, Inc. and W. H. Freeman & Co
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P: Round(RR) X Wrinkled(rr)
Fy: Round (Rr)
D g0 Fo o ¥ b s a0 o
Fi XFy: Round (Rr) X Round (Rr) >t 2 () T &) e
F,: 1 Round(RR), 2 Round (Rr) : 1Wrinkled(rr)

Y
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(The Forked-Line Or Branching Method)

- 7 RR —>» 1/16 DDRR
% DD i ¥ RY > 1/3 DDRr
iy Yarr =%  1/16 DDrr
== % RR =2 1/8 DdRR
% Dd | =% Rr —>» 1/4 DdRr
> Yarr —>» 1/8 Ddrr
~» %RR > 1/16 ddRR
% dd L % Rr - 1/8 ddRr
i Y rr > 1/16 ddrr
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a) Genotype:

1dd

VYV VVY VVVY

1 DDRR
2 DDRr
1 DDrr
2 DdRR
4 DdRr
2 Ddrr
1 ddRR
2 ddRr
1 ddrr

R ".. & . . s = “ . = o o - R
.JJ}\w.\{wj)d\)‘}:abuugjwﬁdbwu‘y LS'QW
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b) Phenotype:
3Yellow 9 Round Yellow
—_—
3 Round.éz 1Green ————> 3 Round Green

3Yellow ——— 3 Wrinkled Yellow
1 Wrinkled4 1Green =————> 1 Wrinkled Green

((Test Cross) .l S s
Ll 51487 (635 b Conl it lisl s o) 93 L &K 53 0T i 955 45 3,2 85 opn (SN

3 gad 03liwl ! STl 1 s 5 slesl dub s Ju



Parent: Progeny:

Round YeIIow(g) 98 Round Yellow
Round YeIIow(g) OR
Wrinkled Green((?) 31 Round Yellow

26 Round Green
27 Wrinkled Yellow

.| Back Crossing ¢ 5 ¢$ 1 S cws | 26 Wrinkled Green

Parent: Progeny:
Round YeIIow(g?) 94 Round Yellow
Round YeIIow((?) OR
Wrinkled Green(@) 24 Round Yellow

25 Round Green
22 Wrinkled Yellow
26 Wrinkled Green



Mitosis

(1 hour)
Postsynthesis gap M
(4 hours)
G,
pivisiop,
e G, Presynthesis gap
(10 hours)
Synthesis S
of DNA

(9 hours)
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During G4, the
cell grows.

Cells may enter
Gp, @ non-
dividing phase.

Mitosis and cytokinesis Cytokinesis
(cell division) takes
place in M phase.

G,/M checkpoint \33"
\~ M phase:
Ar:te:{the GEEEA nuclear and __—G,/S checkpoint
geﬁiaﬁ}wﬂéﬁi;@e cell division -

After the G4/S
checkpoint, the
cell is committed

| h . to dividing.
In G5, the cell G, I‘Itlliarp asﬁ;
prepares for mitosis. cell grow
nS,DNA L__ ¢
duplicates.J

2.9 The cell cycle consists of interphase (a period of cell growth) and M phase (the
period of nuclear and cell division).
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INTERPHASE
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DNA
replication . .
mitosis metaphase

anaphase

teiophase
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Woman with
~ normal vision

odalin H 55 Cde &K oS

Carrier daughter
and her
normal husband

e ) eSS Zt 03 du g ol

D3 U (89 350 (oo edalis

Sgi oo odmline A Jus 5 OIS

Normal

.4 S Criss Cross Pattern |,

Children

Carrier Daughters all
carniers

FIGURE 6-6. Color-blind inheritance. A: The locus for green female to arise, her mother must at least be a carrier and her
color perception is on the X chromosome. D represents the father must be color-blind. The color-blind female receives
dominant allele for normal color distinction and d its recessive from each parent an X that carries the recessive allele. C: All
allele for deutan color blindness. The trait passes from a of the sons of a color-blind woman must be color-blind
color-blind man to half of his grandsons by way of his carrier because a male receives his X from his mother. The daugh-
daughters. Since a male contributes his Y chromosome to his ters of a color-blind woman will be carriers with normal vision
sons and not the X, the sons of a color-blind man cannot if the male parent has normal vision.

receive the recessive from their father. B: For a color-blind
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4.12 The SRY gene is on the Y chromosome and
causes the development of male characteristics.
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Pattern of baldness in human:

B behave as dominantin & BB e e

Q Bald Nonbald Nonbald
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Al o BT i &K > Laid b OT Llghl 657 5 44 oo a8 ols 05 4 :Sex-limited Genes

(b} (ch

5.13 A sex-limited characteristic is encoded by autosomal genes that
are expressed in only one sex. An example is cock feathering in chickens,
an autosomal recessive trait that is limited to males. (a) Cock-feathered male.
(b) and (c) Hen-feathered females. (Part a, Richard Kolar/Animals Animals; part b, Michael
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Dominant & Recessive Epistasis:
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G) Pleiotropy
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Enzyme D nzyme C1 Enzyme B

Sabtance substance- substance End product
D & NC B A
77
%Q
substance £"¥™¢X5 substance "™ End product
X Y Z

Sabtance @ YStep in pathway “A” can not proceed.

D Step in pathway “Z” can not proceed.
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— Brachydactyly involves abnormalities of the fingers, and
shows 50-80% penetrance

— Many cancer genes are thought to have low penetrance,
making them harder to identify and characterize
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tJel vy

Genotype MM MN NN Total
Phenotype 2
# of individuals 36 48 16 100
# of M Alleles 72 48 0 120
# of N Alleles 0 48 32 80
Total # of Alleles 72 96 32 200
_ 120
Frequency of “M” In population: —— = 0.6 = 60%
200
_ 380
Frequency of “N” In population: = 0.4 = 40%

200



LP9S N9

Genotype MM MN NN Total
Phenotype 2
# of individuals 36 48 16 100
Genotype 36/100 48/100 16/100 1
Frequency
0.36 0.48 0.16 1
Frequency of “M” In population: 36+1/2(48)=0.60=60%
Frequency of “N” In population: 16+1/2(48)=0.4=40%

it SSE B I o S5 e 51855 20 513 L



— e, 056 4 5 odel 3 Lils 93 bw g LSL (model) aaly ¢ sl s
(Hardy-Weinberg) .ol Cog e o5 0

105 8 L5 ys by (o b s aaly ol 3l eslazal gl

350 6 S o (6,5 4 gad Salasl 516 sl &85 B o3Il 4y Comer

AL Random oslas &y geas Camas 3131 o S

AL ol g 4 a1

& - . b e & . - . - N
NWIRPLLIRE ST O ol 5 O lge (0 gl 50 %0

Ll o Jslw Sl 3 Cumesr OT oL 2ils 3539 gmax & B9 Ll o S



3L A Ao ys ¥ s LA LUT w3 Ve Canes S

P=0.7 g=0.3 0.7+0.3=1
dn Jod )5 (Bolal dhol Gl 55 w55 A5 3 Gadia Olg (o0 Sl m e Sl eslinal L
sy dals P2H2pO+02=l O s

Spdalg p5olaa, A Sllpdds s s ol sl

A(p=0.7) a(q=0.3) 5
R 0 " p+1/2 (2pq)
0.49+1/2 (0.42)
P=0.7 0.49 0.21 0.49+0.21=0.70
a Aa aa
q4=0.3 0.21 0.09 q2+1/2 (2pq)

0.09+0.21=0.30



& Somez o355 o Sl pl Sl ol K05 o 4 (s S (35 Sl 85T (gl me
sl oy K55 Jsles
Genetic Equilibrium
S atia ) 55 a3 bl /Y ol Cumex 53 @ sl 3 ST s
p+q=1 = p=1-q
p=1-0.2 =>» p=0.8
02 +2pq+g2=1 (0.8)2+2(0.8)(0.2)+(0.2)2
0.64+0.32+0.04



L JT Slal3 el do s ¥ Coma 3 Cshie s 5 508 Sl 3 S1:¥ e
(i Sz 3 555
q%=0.04 =>» g=0.2 p=1-0.2 = p=0.8
p*+2pg+qg*=1
0.64+0.32+0.04
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Transmission Genetics and Mutation
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No capsule .

Live mouse
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Heatddled Type lIS bacteria recovered

+ Living Type IIR , @
_ Live mouse O

Dead mouse

Figure 10.2 Griffith’s discovery of transformation in
SENROCOCCHE PRENMIONAL.

ke A4 VAP Aol s
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SHS 5 ool 5 Coed (S
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Griffith Experiment
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o Syl gT Cud o ful ge .l

ls Nucleotide Ll 5 <l 35 csxliaV
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10.7 watson and Crick provided a three-
dimensional model of the structure of DNA.
(A. Barrington Brown/Science Photo Library/Photo Researchers.)
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(Deoxyribo Nucleic Acid) DNA ylasLa

0" os S5 Nucleotides vl 4 ¢ 555 587 sl 31 &Sl 55 slaanl
O—F=0 A phosphate group & b 05 5 &S5

0-
Phosphate A five carbon sugar S gy S K1
A nitrogen containing base 559w 3L eSS

N
Phosphate | —
K\_____, J/

\ / Sugar

| !
| S

Nucleotide

Base

4 C Cr 4 C C1
H H H H
o P
OH OH OH H

Ribose Deoxyribose

10.9 A nucleotide contains either a ribose sugar
(in RNA) or a deoxyribose sugar (in DNA). The atoms
of the five-sided ring are assigned primed numbers.



! (Ribose); s, (RNA ;s oS gy S
Ribo Nucleic Acid
.~ (Dioxyribose) ;s S1s DNA ;5 oS oy 3
Dioxyribo Nucleic Acid
(el S5 48 slasl
Adenine el 1
Guanine  15.2
Cytosine g3

Thymine s 4



H H
qu N C
l\i]]x"'n :_I.ﬁ ——"’T %CH N':"}”'l\‘:CH
, a3 J
ool Ll
HCx 3 C— g/ 2 6
N HC«_1 _CH
N H SN
Purine Pyrimidine
(basic structure) (basic structure)
NH, 0 e I i
C C CH C
NS N N~ e N NZSeH  HNT T HNE el
L e bl e L el by b oy
HCQ&IG/CRF:J HEN_CQ\"‘P:&/C“P:J O/_ﬁ xﬂ]/ O/,;ﬂ- %1“3]’/ Of:’/ \“I*IJ’/
H H H H H
Adenine (A) Guanine (G) Cytosine (C) Thymine (T) Uracil (U)

(present in DNA) (present in RNA)

10.70 A nucleotide contains either a purine or a pyrimidine base.
The atoms of the rings in the bases are assigned unprimed numbers.
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A nucleotide

Figure 1.4a Genomes 3 (© Garland Science 2007)



3,13 5 s> 9 Uracil (al..: ngiis oI35 b Thymine sl RNA ;s

53 - 8 Nucleoside 555,25 slajl 51 (SS s (54,5 gy 48 oS 5 &
&‘ﬁb-’ﬁ@%&ﬁ‘;\e@jw)oﬁwM@@J:TDNA

J":"L’V'{b'j.’.) .b{‘j)d.li.&aﬁ&bﬁjﬂ)b)))@)w‘

A=T A/T=1
G=C G/C=1
A+C=T+G A+T#C+G



G=20% A=30%
C=20% T=30%

Table 10.1

Ratio
Source of DNA A T G C A/T G/C A+G/T+C
E. coli 26.0 23.9 249 25.2 1.09 0.99 1.04
Yeast 31.3 32.9 18.7 17.1 95 1.09 1.00
Sea urchin 32.8 32.1 17.7 18.4 1.02 .96 1.00
Rat 28.6 28.4 21.4 21.5 1.01 1.00 1.00

Human 30.3 30.3 19.5 19.9 1.00 0.98 0.99
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it 0p 4 (S35 Gladil b 5 axdy 55 gl L(3
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(Anti parallel) .wzus ¢31se & DNA azi, 95(5

e Uizé) 9,8 95 shyls Double helix(6

(Right-handed).c.l o5 &ul, Double helix(7
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Figure 1.8a Genomes 3 (© Garland Science 2007)
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The mechanism of DNA replication:
355 o 3,5 Replication Origin ely (ol aaate 53 Lajb o glasil O s
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OT ol & RNA I (Sor 557 anbss JLasl b, Sle (b DNA Lw g DNA il g5 05
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3 g oo 0daal EXONS 5,415 552 5 0T 55 SleMbl a5 35 51 _tond atanS (5l 4

A g xe INTrONS 4 wos SleMbl gl 57 Sl sbd Cad

Ovalbumin gene

DNA s

1 23 45 T6 7
5!
3!

Introns

Transcription

DNA is transcribed

into RNA, and introns ——=—
are rernoved by J

RNA splicing.

mRNA 5" ] w3

31’
5!’

Cytochrome b gene

N "”ﬁxggﬂin
| 2 3 ~4 :
5 3]
3 ) | : |
N
Int rons

Transcription

MRNA 5 3'

14.3 The coding sequences of many eukaryotic genes are

disrupted by noncoding introns.
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S 95 53 Yaeme 3 DNA Lx JSke > &y Eukaryotic cells s

.l 3 4> 5 (homologous chromosomes)
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f

Chromatin «

o

2.2 In eukaryvotic cells, DNA is complexed to
histone proteins to form chromatin.
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Mutation at the level of DNA Sequence
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Mutation at the level the organism
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