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The genetic code is a universal homology
Third base in
G the codon
Cysteine U
Cysteine C
Stop A
Tryptophan G

The translation between base triplets in the DNA and amino acids in proteins is
universal to all life, as can be confirmed, for instance, by isolating the mRNA for
hemoglobin from a rabbit and injecting it into the bacterium Escherichia coli. E.
Coli do not normally make hemoglobin, but when injected with the mMRNA they

UG R ) A U M Py A

Hemoglobin molecule
—

-

’ / ~, \‘:a/Heme
Red blood v =]
cell v u; ) ‘} WA
VA Yy
Red blood i =
cells contain \J
several hundred
thousand hemoglobin 3
molecules, which vB
transport oxygen 0xy¥|en binds to heme on
he hemoglobin molecule
FADAM.
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10 ACGTCGTACGATGCATCGATCGGATCGGATCGATCGAGCACGGAGCGACGACGACCCCGACGTACGCAAGT
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Figure 6-26

The Irish elk, a fossil species that once was
used to support the orthogenetic idea that
momentum in variation caused the antiers to
become so large that the species was forced
into extinction.
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Biphasic back-cross strategy employed to generate mapping population
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CHANGES IN CHROMOSOME NUMBER W psisns S 2lad )3 ks

Aneuploidy  (5sk 51 )pssses Sslaas Sials L 2133l

Number of
chromosomes

Name

Description

1 2n-1

Monosomy

Monosomy refers to lack of one chromosome of the normal complement. Partial monosomy can
occur in unbalanced translocations or deletions, in which only a portion of the chromosome is present
in a single copy (see deletion (genetics)). Monosomy of the sex chromosomes (45,X) causes Turner
syndrome.

Disomy

Disomy is the presence of two copies of a chromosome. For organisms such as humans that have two
copies of each chromosome (those that are diploid), it is the normal condition. For organisms that
normally have three or more copies of each chromosome (those that are triploid or above), disomy is
an aneuploid chromosome complement. In uniparental disomy, both copies of a chromosome come
from the same parent (with no contribution from the other parent)

3 2n+l

Trisomy

Trisomy refers to the presence of three copies, instead of the normal two, of a particular chromosome.
The presence of an extra chromosome 21, which is found in Down syndrome, is called trisomy 21.
Trisomy 18 and Trisomy 13, known as Edwards and Patau Syndrome, respectively, are the two other
autosomal frisomies recognized in live-born humans. Trisomy of the sex chromosomes is possible,
such as in (47 XXX), (47, XXY), and (47 XYY).

4/5

2n+2, 2n+3

tetrasomy/pentasomy

Tetrasomy and pentasomy are the presence of four or five copies of a chromosome, respectively.
Although rarely seen with autosomes, sex chromosome tetrasomy and pentasomy have been reported
in humans, including XXX, XOOOKK, XXXKY and XYYYY.[

S MGl o 4 a3 Sy Joe ol 008 s o e s s S 6 GRS L
Euploidy
Haploid (N)

Triploi

d (3N)

Diploid (2N) autopolyploidy

I I allopolyploid

Tetraploid (4N)
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GA TGA CGG TTT GCA
CCU ACU GCC AAA CGU
Pro Thy Ala Lys Arg

Transversion (A -+ |

'Ga TGA CGLG 11T GUA
ACU ACU GCC AAA CGU
Thr Thr Ala Lvs Arg

DNA:  AGA TGA
RNA: UCU ACU

GCA

CGu
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Frameshifts
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ATG ACG GIT G A
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B-Globin gene
(sixth codon)

T

'

GAG —— GTG
(glutamic acid) (valine)

Homo':lln S Hemoglobin S NORMAL SICKLE CELL
poly GI AI GI MUTATION TT1
DNA GTG
° 2 cTC = C.c
9 ] 1L L
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PROTEIN
cogg NORMAL MUTANT
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Oxygenated Deoxygenated

N
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Hemoglobin S
cell > Cell
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FIGURE 20.12

Frequency of sickle cell allele and dis
sickle cell allele collapse into sickled shapes when the oxygen level in

heterogeneity

SN S5

Sickled red blood cells

Sickle ol
allele in Africa

W 1-5%
Ws5-10%
W 10-20%

J

ibution of Plasmodium falcip malaria. ()The red blood cells of people homozygous for the
the blood is low. (5) The distribution of the sickle cell allele in Africa

coincides closely with that of P. falciparum malaria.
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Amino acid Codons Compressed

Ala/A GCT, GCC, GCA, GCG GCN

Arg/R | CGT, CGC, CGA, CGG, AGA, AGG | CGN, MGR

Asn/N | AAT AAC AARY

120 130
GAT AAATCTGGTCTTATTTCC

cemes— R EE Sidwe do

Hlﬂilllllilli!lllllll (arsig) Olaladl) s glo Gz
. mﬁIMI 05 29 o ol Sl
(GUT 9 35 4135 Glszl) Gl udgs (lue

A K 5 31 3wl

Pacific snapping North America Caribbean snapping shrimp (C)
shrimp (P)
South America
P1 C1P2 C2P3 (3P4 C4 P5 C5P6 C6
Isthmus of = “ Three million
Panama closed years ago
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Cytochrome c oxidase subunit | (COX1)
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Godfrey Harold Hardy (1877 - 1947) A= 90% Wilhelm Weinberg (1862 — 1937)
was a prominent English mathematician a= 10% was a German physician
= 0

23S Sl gols Jaa\-u,ljjia Lyl
il 6,8 JSs J s

e B e Y bt (6,8 i )
Comezr 0350 S aanlyy alad Ul sl pae =Y
Ak ) b Sl -0 Crles pde -t
R AL Al 552 ge =11

Ll 2l gl 5 il la L —A

Phenotypes Sl —nle dsle b (S sl
AA Aa aa

Genotypes
Number of 320 160 20 1
plants
(total = 500) 08
Genotype 320 _ 160 _ 20 _
frequencies bt e 0.8
x2 x2
0.4
Number of 640 A 160A 160a 40a
alleles in 0.2
gene pool
(total = 1000) o : _ :
pP-0 01 02 03 04 0508 07 08 09 1
Allele 800 _pg A 200 _g5 4 q-1 05 0B 07 06 05 04 03 02 01 0
frequencies 1000 1000

p=frequency of A=0.8 g=1frequency of a=0.2
The Hardy-Weinberg Principle Practice

* Please complete the Hardy-Weinberg practice problems (both sides)

frequency of frequency of
homozygous dominant homozygous recessive
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(b) Cross-pollination

A= Dominant allele  a= Recessive deleterious allele
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Natural Selection vs. Genetic
Drift

Predator eats the
P more easily seen
beetles lacking

he brown gene

Resulting in an
increase in brown
gone frequency
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(d) Genetic drift
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Searites
Carenumn
Pasimachus
Pherapsophus
Brachinus armiger
Brachinus hirsutus
Aptinus

Peudomorpha

(a) Star-like

SIS

b Camer o Sas oblil 5 b o les (gene flow) s ol -¢
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Population a, with a receives a each generation from
frequency of q, of the fraction m of its population g8, with a
white allele, population frequency qg of the

white allele.

49



Systematics and phylogeography of the Australasian
mangrove crabs Parasesarma semperiand P. longicristatum
(Decapoda : Brachyura : Sesarmidae) based on
morphological and molecular data

Adnan Shahdadi™“°, Peter J. F. Davie® and Christoph D. Schubart®

E ';\\

L el S 2 e S,
sl G5 s s Shs 55N
(W]

L}"j r}uﬁdlif le»);}jjd&)
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— N Ll 5 Ul il -
] - ol 5 W el G
e
Sz s

A @ North Australia
O East Australia
© New Guinea
@ Bohol
@ Labuan
@Suoth

S 53 bz R 5 S sNa Ol el omer dim b o g D les Ol el
fixation index (Fgr)
F-statistics
when there is one migrant per generation, Fst equals 0.2.
when there is less than 1 migrant per generation (no migration), the inbreeding
coefficient rises rapidly resulting in fixation and complete divergence (Fst} = 1.

The most common Fst is < 0.25. This means there is some migration happening

108°0' 112°0' 116°0' 120°0' 124°0' E

Table 5. Pairwise Fst (below diagonal) and associated p values (¢ 30°0 7 ~T 2

3 East China Seq

LH SZ ZH Y]

LH 0.05405 078378 055856 AT
SZ 0.03503 0.78378 0.50450
7H —0.01412 —=0.01179 099099
Y1 ~0.01023 ~0.00371 ~0.02285 24°0'
XwW 0.05055 0.01015 001488 001401 /
LZ —0.00844 0.00469 001086 001615
BH —0.01791 0.00608 —0.00422 —0.00614
FCG —0.00759 0.00237 —0.00639 —0.01488
wC 0.04967 ~0.01079 ~0.00882 0.00771
5Y —0.00866 ~0.07216 —0.09441 ~0.06006

18°0'
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Cel) dies 5l 3550 Ll 5 55 a8 e Pl el 1 anl Ol -0
Competition i sl P15 sl 1y (Wss e oo 55 5 b o6 = fitness 153
LS oS S
Some Mice
. Is & ea mice are reproduce,
0 UL"‘JJGJ J RO e eaten by giving next
birds generation
A population of mice has Tan mice are more visible Because black mice had
moved into a new area to predatory birds than a higher chance of leaving
where the rocks are very black mice. Thus, tan mice offspring than tan mice,
dark. Due to natural are eaten at higher frequency the next generation contains
genetic variation, some than black mice. Only the a higher fraction of black
mice are black, while surviving mice reach mice than the previous
others are tan. reproductive age and leave generation.
offspring.
. Z - é N . . - s e . .
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(b) Branching
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Allopatric Speciation

(a) Allopatric speciation (b) Sympatric speciation

e sl i (ol 5 458 oy e Jls
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igh e ariliiai & g
Two species of ground squirrel are postulated to have descended from a common

ancestral population that was separated by formation of the Grand Canyon.
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~ Porkfish

virginicus)
Isthmus of Panama L )
arose 3.5 million
years ago.

Panamic porkfish
(Anisotremus taeniatus)
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Transisthmian differentiation in the tree-climbing mangrove crab Ararus H.
Milne Edwards, 1853 (Crustacea, Brachyura,
of a new species from the tropical eastern Pacific
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Parapatric Speciation

Adjacent populations evolve into distinct species
while maintaining contact along a common border

BULLOCK'S Y BALTIMORE
ORIOLE ORIOLE

© 2001 Brooks/Cole - Thomson Leaming

? twww. fopub. com)

J =8 (Peripatric) Sl s () 4k

(AL BT S CSaS Ay Cul (San 4S Syl ol

. Alg) Cuman ) laa Jula 4y g A @Bl ¢ gl
G g5 ) 258 oa ) ) AL s e

L5 el e GWLE 5 Ol sila Ggd 3 (1)

g a0

ORIGINAL GEOGRAPHIC SPECIATION
POPULATION ISOLATION

KA Theridion grallator

MQOLOKAI

151
Kamakou
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Mauna Kea
Kilauea
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(a) Allopatric speciation (b) Sympatric speciation

____________________________ =2

TIME

ORIGINAL POLYMORPHISM REPRODUCTIVE SPECIATION
POPULATION OCCURS ISOLATION
WITHIN THE

POPULATION I= PEDIAA
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(different habitats within an overlapping range)

Ecological isolation
Even if they live in the same place, they can’t mate
if they don't come in contact with one another.
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Wood Leopard
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Mating activity
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Lntensity of sonnd

Behavioral isolation o, gl
Even if they breed at the same time, they will not
mate if they are not attracted to one another.

C. ploraineda oo sl Jl'{:-ﬂ' B p—"y’ sl 550
’ 5 e GoF s G bt

Lo i filize plalid

(a5 ) G5 b alie Sl £55 4
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2

Time (seconds)

Differences in the period gene cause differences in Drosophila courtship song

D. melanogaster D. simulans
Pulses IPE 1Pl Pulses
{ o § (i ¢ Lo

Sine song
ot d
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Mechanical isolation (e e
Even if they attract one another, they cannot R

mate if they are not physically compatible.
¢ P Y P ol Ukl s ol

Ol i slen gl 455 5
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This barrier is important in many externally fertilizing species
of marine invertebrates that release eggs and sperm into the

Gametic isolation
Even if they are physically compatible, an embryo will
not form if the egg and sperm do not fuse properly.
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(heterotypic pairs) (homotypic pairs)
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© Jonn Wihite,

Commonwealth of Virginia
County distribution of
Salamander, northern dusky
(020028) Desmognathus fuscus

D City or County Boundary
. Known or Likely within county

® Observation

& of Game and Inland Fish

Degart
20 Tenaary, 2018

M s (Sad oSl o BLLL s (G JSK0) e s ol s oWl i e bLS)
ol o5 5 (Cly ) e A
Figure 16.2 The degree of sexual (A} my 20
1solation between populations of
the salamander Desmoguatiius

oc wus is correlated with (A)
the aphic distance between
the populations as well as with (B)
their genetic distance (Nei's D,
which measures the difference in
allozyme frequencies at several
loci). (After Tilley et al. 1990.)

g

Sexual isolation index

Sexual

1
G 100 200 300 a 3.2 0.4 0.6
Geographic distance {km} Genetic distance

ool g gls s 555 3 b el sl ww 3 (S5 o) ST
« Western dadﬂ Spotted sunfish Warmouth sunﬂsl\ Bluegill sunfish

* Eastern clades

Figure 16.3 FEvidence for genetic divergence in iso-
lated “refuges,” followed by range expansion and sec-
andary contact. Tn each of six freshwater fish species,
mitochendrial DNA haplotypes fall into two clades,
one with a western and one with an eastern distribu-
tion. Three families of fishes are represented: Centrar-
chidae (sunfishes), Amiidae (bowfin), and Poeciliidae
(mosquitofish). {After Avise 1994.)
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CONVERGENT EVOLUTION
Streamlined Shape due to Aquatic Environment (Shared Selection Pressure)
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