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2- Frederick Griffith (1928)
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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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@ Insertion

GAGACATTAC

A
@ Substitution
9 bases A\
4> 4
GAGACTTAC ) GAGAATTAC
C
@ Deletion
¢ —

GAGA-TTAC

10 bases

GAGACATTAC
CTCTGTAATG

9 bases

GAGAATTAC
CTCTTAATG

8 bases

GAGATTAC
CTCT AATG
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wild type

DNA template strand 3" DN . WY NN N 5>
LA TGAAGTTTGGCTA AEKY

LGUTEERA U GAAGUUUGGCUAAES
protein Met © Lys ; Phe © Gly i

amino end

(a) Nucleotide-pair substitution

A instead of G
AAACCAAT TEY
TTT

U instead of C
YAUGAAGUUUGGUUA AEJ

i o~ J
Met ! Lys ! Phe ! Gly [ild

Silent (no effect on amino acid sequence)

T instead of C

A instead of G
BHAUGAAGUUUAGCUA AES

e
Met | Lys | Phe | Ser [BELY

Missense

A Instead of T
k¥ TACATCAAACCGAT TEY
MIATGTAGTTTGGCT A AKY
U Instead of A
SMAUGUAGUUDUGGUUA AES

I S5

Nonsense

carboxyl end

(b) Nucleotide-pair insertion or deletion
Extra A
EUITACATTCAAACCGATTE]
LIATGTAAGTTTGGCTAAE]
Extra U

HIAUGUAAGUUUGGCUA AES
Mo pred
et BECT

Frameshift causing immediate nonsense (1 nudeotide-pair insertion)

EImissing

bt
-
b
- >
»
n
0
@
»
-
—
v

[dmissing
A UGAAGUU|GGCUA ARTEY

Met Lys Leu Ala 2
Frameshift causing extensive missense (1 nucleotide-pair deletion)

A missing
kKT ACAAACCGAT TEY
LIATGTTTGGCTAAES
¥ NEmissing
IHAUGUUUGGCUAAE}S
& i S
| Met ; Phe ; Gly JEICH
No frameshift, but one amino acid missing (3 nucleotide-

pair deletion). A 3 nucleotide-pair Insertion (not shown)
would lead to an extra amino acid.

From Campbell Biology by Reece et al. © Pearson Education, Inc.
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E$ When a part of a chromosome ABCDE FGH ABCE FGH
I left out, & deletion ggcus. e ——— - - — - -

tt Deletion

) When part of achromatidbreaks A B8 C D E F G H A B CBCDE FGH
offand attaches o itssister (O > @ O D)
chromatid, an insertion occurs. ¢ 1 Insertion
The result is a duplication of
genes on the same chromosome.

@ When part of a chromosome ABCDE FGH ADCBE FGH
breaks off and reattaches e ———
backwards, an inversion occurs. i § AT

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

treaks oft end | scded toa D T, QI ————— e ——

different chromosome, a
translocation occurs. wXxXy 2 Y Z

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

1 g

L A 3. 4
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
Il metaphase I
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M. smegmatis MC?155
M. goodiistrain X7B

M. vanbaalenii
M.sp.JLS

M. sp. KMS

M. mannum

M. avium 104

M. fortuitum

M. chubuense

_’_.,-22-bp KdpE binding motif.

GGCCGCCGC&CCGT&AAGAAAC
CGACGCGGCAIGC[eRIAINAGAAAC
GTTGGCGGG%CCGTCAAGAAAC
CGCCACCGCCCC[eRICINAGAAAA
CGDCACCGC@CCGTCAAGAAAA
GCGGCGGTGqCCGTTAAGAAAC
GCCGCAAGGGGCEMITLIACAAAC
CGCCCGCCGGCCERIAINGGAAGA
GCGCCGGTA@GCGTCAAGGAGA

M. infraceliulare ATCC 13950 CACGGT AGC CCCleARTII\GGAAAC

M. sp. MOTT36Y

M. kansasiiB24

M. necaurum

M. yongonense

M.sp. EPa45

M.sp. 5623

M. haemophilum

M. vaccae

M. rhodesiae

M. sp. VKM Ac-1817D

CACGGTAGCQCCGTTAGGAAAC
GCGGATGACGCCERIALIAGAAAC
CCGCTCGCA@CCGTCAAGGAAC
CACGGTAGCCIcCEITIAGGAAAC
CGGCGCGGcﬁcccTAAAGAAAc

ARCIAGGCCIGCGTTCGCGE
GUCLIGT GCCIGCGTTCACGG
GUCLIACGCGICAGGTCACTC
GUICIIAGACCCTCGGCAACG
GYICJAGACCICTCGGCAACG
GUCINACATGITCTCGTCAGG
GUALIAGGT GCACTACGGCC
APAIJAGAT CIGGCGTCGGCC
GAAGGCC:’I’CTAGCTCAG
GIclJACCACGCACCCTCAC
GYCIACCACACACCCTCAC
cyTlAGGCcCGCTCCEGCCC
GYcIAT GCCCAGCTCAGCG
cuicflACCACGCACCEGCAC
GUCJACAACIGCGCTTGCTG
GuIclJACGAACAGT CCCGGC
GYCAAT GGICGGCTACGTT
GUCLIGGAACCGCCGTAGCC
GUTIAGGCCIGGCACTAGT G
ALJAGATCGGCGT CGGCC

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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Figure: Image-based tissue engineering of human
ear cartilage. Comparison of photograph (left),
digitized image (middle), and tissue engineered
ear cartilage after two weeks in culture.
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A Stem Ce” 9) replicate itself
Can |

differentiate into many cell types
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Image prepared by Catherine Twomey for the National Academies, Understanding
Stem Cells: An Overview of the Science and Issues from the National Academies,
www.nationalacademies.org/stemcells.
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