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Table 1: Single-Base Mutation Associated with Sickle-Cell Anemia

Sequence for Wild-Type Hemoglobin

ATG GTG CAC |[CTG ACT CCT
Start  Val His Leu Thr Pro

GAG |GAG AAG TCT GCC GTT ACT
Glu |JGlu |Lys Ser Ala Vval Thr

Sequence for Mutant (Sickle-Cell) Hemoglobin

ATG GTG CAC CTG ACT CCT

GTG |GAG AAG TCT GCC GTT ACT

Start  Val His Leu Thr Pro

Val Glu Lys Ser Ala Val Thr
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10 bases
(@) Insertion GAGACAT TAC
—
GAGACATTAC CTCTGTAATG
A
@ Substitution 9 bases
9 bases A
\ : GAGAATTAC
GAGACT TAC ) GAGAAT TAC CTCTTAATG
C
@ Deletion
8 bases
C GAGATTAC
CTCT AATG

GAGA-TTAC
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wild type
DNA template strand 3" LIENER . WY NNV Nl 5>

LA TGAAGTTTGGCTAAK]H
U A UGAAGUUUGGCUA AKS

protein Met : Lys  Phe [ Gly @u

amino end

(a) Nucleotide-pair substitution

A instead of G
AAACCAAT TEY
TTT

U instead of C

HAUGAAGUUUGGUUA AES
My e
et T Lys 1 phe 1 iy JOT

Silent (no effect on amino acid sequence)

T Iinstead of C

kY TACTTCAAATCGAT TEY
DIATGAAGTTTAGCTA AEJ

A instead of G
BIAUGAAGUUUAGCUA AES

p——
Met | Lys ; Phe | Ser BERY

Missense

A Instead of T
kY  TACATCAAACCGAT TEY
MIATGTAGTTTGGCT A AEKY

carboxyl end

(b) Nucleotide-pair insertion or deletion

Extra U

LIAUGUAAGUUUGGCUA AEj
\VI
et BECT

Frameshift causing immediate nonsense (1 nudeotide-pair insertion)

EYmissing

AR
-
>
N

-“|>
>
n
n
(1]
>
-
-
i

[@missing
A UGAAGUU|GGCUA ARTEY
Met Lys Leu Ala QO
Frameshift causing extensive missense (1 nucleotide-pair deletion)

A missing
KFTACAAACCGAT TEY
LIATGTTTGGCTAAES

U Instead of A Y XEmissing
SHAUGUAGUUUGGUUA AEJ LHAUGUUUGGCUAAE)
(S " v}
KN S% [ et T phe T Giy BEET
Nonsense No frameshift, but ene amino acid missing (3 nucleotide-

pair deletion). A 3 nucleotide-pair Insertion (not shown)
would lead to an extra amino acid.
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E$ When a part of a chromosome ABCDE FGH ABCE FGH
sleft out,a deletion occurs. (G O G

tt Deletion

B When part of achromatidbreaks A B8 C D E F G H A B C B C DIE FGH
offand attaches to s sster (i DO D > @ O
chromatid, an insertion occurs. ' ' nsertion
The result is a duplication of
genes on the same chromosome.

@ When part of a chromosome ABCDE FGH ADCBE FGH
breaks off and reatiaches G > C———
backwards, an inversion occurs. ' ' A

[E) When part of one chromosome ABCDE FGH WXABGCDE FGH

breaks off and is added to a e G = P

different chromosome, a
translocation occurs. WXY Z Y z

v Translocation —
[R—— — — —
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How Antibiotic Resistance Happens

1 | 2. 3. a.
Lots of germs. / Antibiotics kill The drug-resistant Some bacteria give
A few are drug resistant. bacteria causing the illness, | bacteria are now allowed to their drug-resistance to

as well as good bacteria
protecting the body from
infection.

grow and take over. other bacteria, causing

more problems.
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Bottleneck  Surviving
population (drastic reduction individuals generation
in population)
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Figure 13.10-3

Possibility 1 Possibility 2

Two equally probable Il
arrangements of | 1
chromosomes at Il
l' metaphase I

= /\
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- S ST /N /
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N N N
_Co_m’biqa_tion 1 Combination 2 Combination 3 Combination 4
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Homologies of the forelimb in six vertebrates
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™ I

CHONDRICHTHYES
+ Cartilaginous Skeleton MAMMALIA
+ Gllls * Bony skeleton
+ Scale Denticles in Skin * Lungs
*  Mammary Glands
LY

VERTEBRATA

* Vertebrae

* Cranium

* Tri-Partite brain
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Python with vestigial appendage (hind limb bud).
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_»22-bp KdpE binding motif.
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M. smegmatisMC*155_ GGCCGCCGCAIC CIERIATNAGAAAC[HA CLIAGGCCIGCGTTCGCGG
M. goodiistrain X78 CGACGCGGCAIGC[EIALNAGAAAC[GUCIIGT GCCGCGTTCACGG
M. vanbaalenii GTTGGCGGGAICCIRICINAGAAAC[HGIICINACGCGICAGGTCACTC
M.sp.JLS cGeccAccGeCicClEICIIAGAAAAGUCINAGACCICTCGGCAACG
M. sp. KMS CcGCCACCGCCCC{AICIIAGAAAALIGYCINAGACCICTCGGCAACG
M. marinum GCGGCGGT GGCCIMTINAGAAACHGICIIACAT GITCTCGT CAGG
M. avium 104 GCCGCAAGGGGC[ITINACAAACHGHAIIAGGT GCACTACGGCC
M. fortuitum CGCCCGCCGGCCEIALIGGAAGAEAMAINAGAT CIGGCGT CGGCC
M. chubuense GCGCCGGTAGGC[RICIIAGGAGA[HGUAINAGGCCITCTAGCTCAG
M. intracellulare ATCC 13950CA CGGT AGC CiC C[eRITINGGAAAC[YGUICIIACCACGCACCCTCAC
M. sp. MOTT36Y CACGGTAGCCICC{MT/IGGAAACIIGYCINACCACACACCCTCAC
M. kansasii&24 GCGGATGACGCC[EMALIAGAAACMGUITIIAGGCCGCTCCCGCCC
M. neoaurum CCGCTCGCACICCIICIIAGGAACIGYCINAT GCCICAGCTCAGCG
M. yongonense CACGGTAGCCCC[EMITIN\GGAAAC[HGUYCINACCACGCACCCGCAC
M. sp. EPa45 CGGCGCGGCAICCIIIAIIAGAAACIIGYCINACAACIGCGCTTGCTG
M. sp. JS623 CAACCGATGGGC[EMTIIAGAAAA[MGUICINACGAACAGTCCCGGC
M. haemophilum ACGGCTCAGTICC{AMAINAAAT AC[GUCINAATGGICGGCTACGTT
M. vaccae CGCCGCAGGGGT(EICLIAGAAACHGUCINGGAACCGCCGTAGCC
M. thodesiae GACCACCCGGCC{AICINAGAAACHGUTINAGGCCIGGCACTAGT G
M.sp. VKMAc-1817D CGCCCGCCGACCMALGGAAG LAGATCGGCGTCGGCC

Initial 18-bp of KdpE binding motif
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Figure 24.5

(a) Allopatric speciation. (b) Sympatric speciation.
A population forms a A subset of a population
new species while forms a new species
geographically isolated without geographic
_.....from its parent population. separation.
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Unreduced Unreduced

{ gamete (4) gamete (7)
II Viable fertile hybrid
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