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(Some cells stick)

Velvet

o

Imprint colonies from
a plate without
streptomycin onto
the velvet.

Press a plate with
streptomycin onto
the imprinted velvet.

D ";’/" 7 ea}y

Plate with no streptomycin Plate with streptomycin
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Transfer a colony identified 7(':;“7
as resistant and one 0 'e
identified as sensitive Incubate. Srale; 2
to streptomycin medium. Only one of the *
four imprinted @
colonies grows. C‘ﬁc{« ",‘f" ro

==

The responsible colony
from the plate without
streptomycin was
streptomycin-resistant;

the control colony was not.

Tubes with streptomycin

Figure 14.3 Joshua and Esther Lederberg’s use of replica
plating to demonstrate the random or nondirected nature
of mutation. For simplicity, only four colonies are shown
on each plate, and only two are tested for streptomycin re-
sistance in step 4. Actually, each plate contains about 200
colonies, and many plates must be used to find an ade-
quate number of mutant colonies.
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Mutation

Example result

NO MUTATION

Normal B protein is
(e produced by the

B gene.
POINT MUTATION

Base substitution

Substitution of one
; or a few bases

Insertion
(s Addition of

oneora
few bases

Deletion
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CHANGES IN GENE POSITION

Transposition

Chromosomal rearrangement
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A

e

B protein is inactive
because changed
amino acid disrupts
function.

B protein is inactive
because inserted
material disrupts
proper shape.

B protein is inactive
because portion of
protein is missing.

B gene or B protein
may be regulated
differenty because of
change in gene
position.

B gene may be
inactivated or
regulated differently in
its new location on
chromosome.
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Dominant/ Frequency among
Disorder Symptom Defect Recessive Human Births
VCinstic fibrosis Mucus clogs lungs, liver, Failure of chloride ion Recessive 1/2500
and pancreas transport mechanism (Caucasians)
Sickle cell anemia Poor blood circulation Abnormal hemoglobin Recessive 1/625
molecules (African Americans)
‘Tay-Sachs disease Deterioration of central Defective enzyme Recessive 1/3500
nervous system in infancy (hexosaminidase A) (Ashkenazi Jews)
Phenylketonuria Brain fails to develop in Defective enzyme Recessive 1/12,000
infan (phenylalanine hydroxyl
?I:‘Imophilia <Elood fails to clot ) 6): ective blood clotting factor Sex-linked 1/10,000
3 VIIL recessive (Caucasian males)
“Huntington’s disease Brain dssue gradually Production of an inhibitor of Dominant 1/24,000
deteriorates in middle age brain cell metabolism
‘Muscular dystrophy Muscles waste away Degradation of myelin coating Sex-linked 1/3700
(Duchenne) of nerves stimulating muscles recessive (males)
Hypercholesterolemia ~ Excessive cholesterol levels Abnormal form of cholesterol Dominant 1/500

in blood, leading to heart
disease

cell surface receptor
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Figure 1 The functions of the protein products of disease genes. a, The entire disease gene set. b—f, Disease genes stratified according to the typical age of onset of the disease

phenotype. The fraction of disease genes encoding transcription factors in the jn utero onset disorders (25%) differ
with onset after birth (6%; X' =494, P< 0.001). Similarly, the fraction of disease genes encoding enzymes causin
from the fraction encoding enzymes causing disorders with other ages of onset (25.8%; x* = 35.8, P< 0.001).

s from the fraction encoding transcription factors for disorders
g a disorder with onset in the first vear of life (47%) is different
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George Il

Edward
Duke of Kent

Louis It et
L_I-]Grand Duke of Hesse ﬁ

- Prince Albert Queen Victoria C—+0 ' OO
—

153] Fottowest
Duke of  Alfred Helena Arthur Leopold Beatrice | Prince ‘
Hesse Henry }
ORI

|J_-| ‘ o(Qg-(,h
Alf J
Irene Czar Czarina  Earl of |Princess Maurice Leopold Quesn lonso
| Nicholas Il |Alexandra Athlone Alice Eugenie King of /06 Mo,
Spain 2
RS T .
Duke of  King Earl of Waldemar Prince Henry Anastasia Alexis | Viscount  Alfonso | Jamie Juan [Gonzalo
Windsor George VI | Mountbatten Sigismond

Tremation

Prussian Russlan
Royal Royal

Queen Prince  Margaret House House

Elizabeth Il | Philip

| Princess | Prince Anne Andrew Edward
- | Diana Charles

Spanish Royal House

= British Royal House
Vit
William Henry

FIGURE 13.26

The Royal hemophilia pedigree. Queen Victoria’s daughter Alice introduced hemophilia into the
Russian and Austrian royal houses, and Victoria’s daughter Beatrice introduced it into the Spanish
royal house. Victoria’s son Leopold, himself a victim, also transmitted the disorder in a third line of

descent. Half-shaded symbols represent carriers with one normal allele and one defective allele; fully
shaded symbols represent affected individuals.
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(missing in HbS) I | Nicleohde sequence
—Pro—GIu—Gly—
Normal-cell Sickle-cell onAR A |
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Figure 13-29 Detection of the sickle-cell globin gene by -

Southern blotting. The base change (A — T) that causes sick[e-éT[

anemia destroys a Ms¢II target site that is present in the normal

B-globin gene. This difference can be detected by Southern blotting,

(After Recombinant DNA, 2d ed. Scientific American Books.

Copyright © 1992 by J. D. Watson, M. Gilman, J. Witkowski, and

M. Zoller.)
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FIGURE 1.4 Two parents heterozygous for CF and producing normal or affected kids.
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Amino acids

FIGURE 13.1  An overview of the concept of the flow of ge-

netic information encoded in DNA to messenger RNA to protein.
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Figure 3.4 Decoding a messenger RNA sequence into a polypeptide.
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AGA
AGG
GCA CGA GGA
DNA GCG CGG _ GGG ATA
codons GCT  CGT GAT AAT TGT GAA CAA GGT CAT ATT °
GCC  CGC GAC AAC TGC GAG GCAG GGC OAC  ATC

Amino acid

TTA _ AGT

TG = Agt

CTA CCA TCA ACA o
i CCG TCG AGG GTG TAA
oTe COT.  TCT.  ACT TAT GTT TAG
sie TAC GTC TGA

ccc TCC  ACC

Figure 3.3 The genetic code. The codons shown for each amino acid are
those for DNA.é_KNA, the Ts are replaced by Us. )
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Second letter
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: S UGU ‘
Pll1&{lyl- ng : gﬁg Tyrosine |7~ | Cysteine
alanine ¢ 2 :
luca [Frne | s Stop codon | [{[EFY Stop codon | A
Leucine  HUCG | [BLYY] stop codon {[UGG] Teyptophan |G
CCU gig His_ﬁdﬁe | ggg
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MW 72.5 The Universal
\u Genetic Code

Genetic information is encoded in
MRNA in three-letter units—codons—
made up of the bases uracil (U), cytosine
(C), adenine (A), and guanine (G).To decode
a codon, find its first letter in the left col-
umn, then read across the top to its second
letter, then read down the right column to
its third letter. The amino acid the codon
specifies is given in the corresponding row.
For example, AUG codes for methionine,
and GUA codes for valine,
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The DNA Molecule

Promoter Transcribed Region

binds to the promoter

- N

Promoter Transcribed Region

RNA Polymerase l

moves along the DNA
synthesizing an RNA

RNA Polymerase ‘
transcript

oo
-

Promoter Transcribed Region

been transcribed,
RNA Polymerase

"falls off' the DNA
releasing the
mRNA molecule

Once the gene has ‘

Promoter Transcribed Region

FIGURE 3.11 Transcription made simple.

Recatl ~ Sa.tiher sre Frt % Kinyalon Jocsfoc /

Fmes /




[Vr/faﬂ L/ BING TRAVSCrip //4/5/

FIGURE 15.7

RINA polymerase. In this electron micrograph, the dark circles
are RNA polymerase molecules bound to several promoter sites
on bacterial virus DNA.
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Growing RNA chain
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Figure 12.10 The three stages of transcription: initiation,
elongation, and termination.
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RNA MOLECULES AS EXPENDABLE
INFORMATION CARRIERS

DOUBLE-STRANDED DNA AS
INFORMATION ARCHIVE
o . %

5 o555 55 5 o

strand used as a template to
direct RNA synthesis

many identical
RNA transcripts

J;;'ﬂ///O’?CC o 4;41407/')

Figure 1-5 How genetic information
is broadcast for use inside the cell.
Each cell contains a fixed set of DNA
molecules—its archive of genetic
information. A given segment of this DNA
serves to guide the synthesis of many
identical RNA transcripts, which serve as
working copies of the information stored
in the archive, Many different sets of RNA
molecules can be made by transcribing
selected parts of a long DNA sequence,
allowing each cell to use its information
store differently.
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OH. OH \\\ﬁ/ ~1 HzN/C N/C N
Ribose |
H H
Adenine (A} Guanine (G)
PYRIMIDINES
Ribose 0 o NH;
h OH H él; I é
Adenosine 5'-monophosphate
(AMP) 2.Deoxyribose HNZ 7 :CH HNY ¥ 3C—CH;, defﬁH
C 5CH cz 6 cZ , SCH
A FIGURE 2-14 Common structure of nucleotides. O ~n O/ \&/CH O/ ~n
(a) Adenosine 5-monophosphate (AMP), a nucleotide present !
. . H H H
in RNA. By convention, the carbon atoms of the pentose sugar
Uracil (U) Thymine (T) Cytosine (C)

in nucleotides are numbered with primes. In natural nucleotides,
the 1' carbon is joined by a B linkage to the base (in this case
adenine); both the base (blue) and the phosphate on the 5’
hydroxyl {red} extend above the plane of the furanose ring.

(b) Ribose and deoxyribose, the pentoses in RNA and DNA,
respectively.

A FIGURE 2-15 Chemical structures of the principal bases
in nucleic acids. In nucleic acids and nucleotides, nitrogen 9 of
purines and nitrogen 1 of pyrimidines (red) are bonded to the
1" carbon of ribose or deoxyribose. U is only in RNA, and T is
only in DNA. Both RNA and DNA contain A, G, and C.
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Cell Membrane

Mitochondria
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-a Growing Peptide Chain
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Translation

FIGURE 3.5 Structures and events in the cytoplasm of a cell.
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Types of RNA Produced in Cells
Type of RNA  Function

Ryibns (mHKNAs codes for proteins
© 5w i =
¢ TrRucrume - {TRNAs forms part of the structure of the ribosome and participates
. S in protein synthesis
Fephde Fowd AN = A
S For st D‘J‘M tR]\i!’t‘jj

used in protein synthesis as an adaptor between mRNA
and amino acids
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Some of the more common structural proteins. (4) Collagen: strings of a tennis racket from gut tissue; (4) fibrin: scanning electron
micrograph of a blood clot (3000x); (¢) keratin: a peacock feather; (d) silk: a spider’s web; (¢) keratin: human hair.
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Function Class of Protein Examples Use
Metabolism (Catalysis) \ Hydrolytic enzymes Cleave polysaccharides
' - : Proteases Break down proteins
FaeGen g ,::‘ oA Polymerases Produce nuci)eic acids
verse Jpare v
S A)rneg - Kinases Phosphorylate sugars and
o pro s &g yasy proteins
Defense Immunoglobulins Antibodies Mark foreign proteins for
elimination
Toxins Snake venom Block nerve function
Cell recognition Cell surface antigens MHC proteins “Self” recognition
Transport throughout body Hemoglobin Carries O, and CO; in blood
Myoglobin Carries O; and CO; in muscle
Cytochromes Electron transport
Membrane transport Transporters Sodium-potassium pump Excitable membranes
Proton pump Chemiosmosis
Anion channels Transport Cl-ions
Structure/Support @ Collagen Cartilage
Keratin Hair, nails
Fibrin Blood clot
Motion Muscle Actin Contraction of muscle fibers
Myosin ' Contraction of muscle fibers
Osmotic regulation Albumin Serum albumin Maintains osmotic concentration
ey A ot T k! T
egulation of gene acu@’ Repressors lac repressor Regulates transcription
Reguladon of body functions Hormones Insulin Controls blood glucose levels
‘Vasopressin Increases water retention by
kidneys
Oxytocin Regulates uterine contractions
and milk production
Storage Ion binding Ferritin Stores iron, especially in spleen
Casein Stores ions in milk
Calmodulin Binds calcium ions
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Alanine (Ala) Arginine (Arg) Asparagine (Asn) Asparlic acid (Asp) Cysteine (Cys)

P
Glutamine (GIn} Glutamic acid (Glu) Glycine (Gly) Histidine (His) Iscleucine (lle)
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Leucine (Leu) Lysine (Lys) dethionine (Met) Pheny ine (Phe) Proiine {Pro)

~GH- i

Tryptophan (Trp)

Serine (Ser) Tyrosine (Tyr) Valine (Val)
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5-,"‘ r“#}“ Figure 2.16 Peptide bonds between amino acids in a tetrapeptide (four amino acids).
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Cene /

Oxygen binding site

Folded p-globin
palypeptide

In sickle-call hemogiobin, the Giu at position 6 is replaced by Val

Figure 2.17 A portion of the primary structure of the f-globin polypeptide
and its location in the folded, complete polypeptide. Also shown is the amino
acid that is altered in the fi-globin polypeptide in sickle-cell disease.
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