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- 1. Conjugation experiments to map genes begin with appropriate Hfr

strains selected from the progeny of F* X F* crosses.



- 2. Jacob and Wollman (1950s) used Hfr donor strains with allelic
differences from the F recipient strains, in interrupted-mating experiments.

- Donor: HfrH thr* leu* azi® ton® lac* gal* strR.

- Recipient: F thr leu azi® ton® lac gal str.

- The 2 cell types are mixed in liquid medium at 37°C. Samples are removed at
time points and agitated to separate conjugating pairs.

- Selective media are used to analyze the transconjugants. Results in this
experiment:

- i. The 1%t donor genes to be transferred to the F recipient are thr* and
leu*, and their entry time is set as 0 minutes.

- ii. At 8 minutes, azif is transferred, and ton® follows at 10 minutes.

- iii. At about 17 minutes lac* transfers, followed by gal* at about 25
minutes.

- Recombination frequency becomes less at later time points, because more
pairs have already broken apart before the sample was taken.

- The transfer time for each gene is reproducible, indicating its chromosomal
position. A map may be constructed with the distance between genes measured in
minutes. (The E. coli chromosome map spans about 100 minutes.)
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Bacterial transformation

Getting a plasmid into a bacterium  When the bacteria are
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Phage attaches Occasionally, a prophage
to host cell and exits the bacterial
Phage DNAjE injects DNA. chromosome, initiating a
(=) (=)
\ / Many cell divisions
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Bactenal of bacteria infected
chromosome with prophage
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Cell lyses, Phage DNA Bacterium reproduces normally,
releasing circularizes copying the prophage and

phages. transmitting it to daughter cells.
R
l Prophage
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New phage DNA and proteins Phage DNA integrates into
are synthesized and the bacterial chromosome,
assembled into phages. becoming a prophage.
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v Pressure/suction
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minimal medium and forth across minimal medium
and incubate filter; cells do not and incubate
- - * -
eo® o Te o
-® L. "
- - .
No growth Growth of prototrophs
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A
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A+B
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B+C
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Linkage Analysis
< by Transduction
phage infection
Donor:
~ leu® thr* arg*

Recipient: \

leu-thr-arg- 7
\

/ U

Transducing lysate
o Centrifuge bacteria to bottom.
select transductants Phage stay in the lysate.

Donor: What is the order of the leu thr and arg genes????
leu® thr* arg”

Recipient: o Selection =leu*
leu - thr - arg -

Exp # 1: Minimal media + thr + arg

Aeplica pla‘te\
~ @b -

MM + thr MM +arg
# lewrarg® = 50 % # leuwthr =2 %
2 Possible . N or — "
maps thr leu arg leu arg thr

Donor:
leu® thr* arg* 0 = thre

Recipient: Exp # 2: MM + leu + arg

leu - thr - arg -
‘/Replica pm-

MM + arg MM + leu
# thrileu = 2% # threarg® = 0%
2 Possible . A . . . .
L v T or‘ A 1 L
maps thr leu arg leu arg thr

Final Map ‘l:'hr liau a:rg
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Example = Cross is A+ B+ C+ X A-B-C-

donor

Expt #1 Transductants

A+ =60
A+B+ =30
A+C+=0

Expt #2
B+ =60

B+C+ =20
B+A+ =30

recipient

What is the order of A B and C genes?

What are the cotransduction frequencies?

A-B? =
B-C? =
A-C?=

30/60 X 100 =50%

20/60 X 100 =33%
0/60 X 100 =0%
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UV-B 320 nm - 290 nm
UV-C 290 nm - 100 nm

P DA e Ll Gilae e Jaxi Cua UV-B (4 g5 o2 hadl o

UV- (e dgliall @il i 58l) (aiai Eua photoproducts 4 sea LS ja 00585 -1
‘Leanl 5 2 guall LS ol o2a
Cyclobutane pyrimidine dimer (CPD) e.g. Thymine Dimer



éﬂmm\_é_\

6-4 pyrimidine —pyrimidone

Or r©
HN” 35—+ “NH
) 3
o 07 "N N o
HN R e 5 3
5| //’
)\ 6 o] -
o7 N R UV CPD
g HNTOY ~. o &
o)\N N
I HN™ 5] OH
i
SO
dipyrimidines o~ N e
Py CHED NS
\3'

(6-4) photoproduct

(a) (b)
y UV light
3 N A ’
“\\\\\ 3
v\
@/Q AN
Il
P _— T P
Thymine | e
bases Covalent=— _
. bonds
®/QS T 5
Sugar-phosphate

backbone

single-base or Double-base substitutions el =5 5 o2 jils 32cld Jlasiul -2
el G il Jladial LS

(o) a2 gaarl) Ja gal) (Ll

omS a4l 4y baS 3 ge A5 : Base analogue mutagens )53l Clglda o
DS ae dasi ) See Ll i (e pall s il sadl)aaliie Y dgia g yill ae ) gl
1) sall 028 (a5 0 silall dysisa a5 55l 20 g8l e g 53 (g



S A daaa daa) 3 )

) g Jai O (Sae Ay il sy S35 JSG 4l 1 5-BU dl usisag -5 o
ool 5SI) e Jali )Y (e 43Sy Cpann siiaall A0l ol IS

N\ N
- o
\
H
Common keto Adenine lonized form Guanine
form of 5-BU of 5-BU
(a) (b)

e My g ¥l dady 658 JSG 40l 5-BU e oSl e 2 2-AP (nugnsinl-2 o
e silall e Lol )W (e i€y ol SI a0l sl JSS 5 aalil) e Jasi ()

Protonated Cytosine
2-AP

(a) (b)
& iy Aia g il sacldll w38l Jelin ol 2l o2a : AlKylatordS) Jalge -1
23 gall 038 (e mispairing PAREY ‘_; Uad duvia (5 JAl Bacld PRIV PUTES:
Ethyl methane sulfonate (EMS)



éﬂmm\_é_\

e Loy hag 5 Al (o) ali) Gul S J81-6 A ol S i (e desd Cua
A:T L.;\ G:C Lu‘)\i\ d);:a sdlall 224 () LS\ u.m.}\ﬂ\

H HyC— CH 9

B = =H—N
7 0
N—// EMS

/ o e N— ol o
" \
/N—H——-O H3C—CH2—O—S—CH3 el i)
H 0 H

Guanine Cytosine O6-ethylguanine Thymine

Methyl methane sulfonate (MMS)
Diethylsulfate (DES)
Nitrosoguanidine (NTG, NG, MNNG)
Mastard gas
Jediig 13 dalgs -2
Wlys (el danS 50 () sl (8 (el) de sane s ) (el JauSguugd) o
o3 () sl il oS e Y WL T gy s Sl g0 (oS o2 ) s sl s
AT NN G:C L@ﬂ\ J s elall

() (g3 G 2ol Al (e (el de sane in e Jeny 3 J9 Al paala e

Ll Y1 gt edlall o3 () (s Comen sibaadly oy (o311 (il 5 pmld A1 Coia¥) g

G:C AT
G:C Ll )Y Jsadoalall ol () (g1 ¥l Jasi 631 Jaad jgadl ) G giibiad) J 93
AT

1) A Al g A ol bl Jal gad) NG
o s 5ind A8 e sl Baay (688 o) (Sar S (insertion sequence) IS gedl) Judls -1
IST 5 IS10 elbia sy gl calabiaall da gliay ualdl) S ) ga 32e o 43 ) 50
.Tn3 Wl : Transposones (Cs) sl yill) daica siall Jal s2ll -2
.Lysogenic bacteriophage 4alexi¥l 4,500 Gililal) -3




S A daaa daa) 3 )

serbibe () iy 4y gili £ 41 Ly g aidad il g iy £ 4 538 () Sl bl acd 2l ydbal) £ 4
() ity :AGL gl o 1 il cius Y g)
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dae 3ik gl Gl Lle @iy 6 conns ) 5 akal) (i ¢ JalSIl asiida g JalY) S8 Levie
gt ol ikl o3¢ Alagi yall 4, alal) W) )5S Ele 5 amorphic Sl

ol akall sda B3G5 baaa Caillh 5 Leans Cumy Al o) gill s il ABMA oY) uuS il il
il saas o JSAN suaa ik end Wle Ay alu A el Llaly A e 0S5 s0le
.neomorphic

L) 5 5il) Jexi 0¥ 055 cantimorphic JSal salias <l jik Loayl cansi Bailas Adlas <l jiba
0585 3ale) Uaa Ay ja s il Lo sale ol jalall s Jaaill 4y 50 YU aalie S5 Aaedll
Bl ) S5 g A gyl 4y pallall Llasl y (Ao ye

3ahall 03gd dalall all Al @ gl (058 Aiaall il ikl

ba¥! soalall Laaill o5 (e g cialia¥) cblududl) aa i Adais <l jala sAgma ) il ikl

A adigrdaadlall | do L dli cuan LI

SN Aadla (e daad @l g b ()5S5 g alall laall e Ll i 5 ik a1 jlall ikl
>

Laill o Ll yiliy Ao yall Allia ac i ol ¢ all CpISD Aadla a3 yik A (AaBU 3 dkY
Al 0S5 g k)

¢aaat ikl oda Radl o 5 jla <l il Lede (i i Y s ik Ll e Gatad sBadlaad) 5 oakY
i Jasay

phne Gl s 1 ccile JL0 e o dpe 0585 8 il el o Calal Bulaall 4k 5kl
S 435 S5 Balaal) 4ud <l ikl

(o) il g Y Gy g pil) S 5 9) LS il Lulsl) e U TS s LI
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) Gaos sl Jlasind Gas 1) (Transition substitution) (2S5 JlaiaYl e 5 ads
S el Jlatu¥h ed s (B (degenall el () Cpdesiln ol
() e pSally eyl (el Jladul &Gas 13 (Transversion substitution)
o) e g LS 5 (Adlida selae




S A daaa daa) 3 )

v
Wild 5-AAT CGT GGC CCT ACC TCC AAA-3'
HAyPe 3. TTA GCA CCG GGA TGG AGG TTT-5'
v
Mutant type 5'-AAT CGT GAC CCT ACC TCC AAA-3'
(Transition) 3'-TTA GCA CTG GGA TGG AGG TTT-5'
v
Wild 5-AAT CGT GGC CCT ACC TCC AAA-3'
HAyPe 3. TTA GCA CCG GGA TGG AGG TTT-5'
v
Mutant type 5-AAT CGT GEC CCT ACC TCC AAA-3'

(Transversion) 3'-TTA GCA CGG GGA TGG AGG TTT-5'
A &1 Y1 (e sanl 5 0 oS3 Apdaiall o jilall s3g) 4agiiS

i Bac @l Jlasia) ¢hasy Laie =iis: Non sense dssunia ) Z\,Mﬂ\ &l jdhll v
Lla g @Y/ ) jad (pesaal g I jadi s 4l

5'-ATG CGT GGC CCT ACCTCC AAA-3

Wildtype DNA 4, 14 ¢ GCA CCG GGA TGG AGG TTT-5'
L Transcription
_ 5'-AUG CGU GGC CCU ACC UCC AAA-3'
Wild type mRNA

l Translation

Wild type Protein Met Arg Gly Pro Thr Ser Lys
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5'-ATG CGT GGC CCT ACCTCC AAA-3
3'-TAC GCA CCG GGA TGG AGG TTT-5'

v
Mutant type DNA 5. ATG CGT GGC CCT ACC TCC TAA-3'

Wild type DNA

(Transversion) 3'-TAC GCA CCG GGA TGG AGG ATT-5'
L Transcription
5-AUG CGU GGC €CU ACC UCC mmll-3'
Mutant type mRNA l Translation

Mutant type Protein Met Arg Gly Pro Thr Ser [l

Cna dacldl Jlavia) dhasy Ladie i 5: Missense JEYIPENA| FIAES Z\.;hiﬂ\ &l jdhll v
rha¥) e Lalai cdliso iaf pdala ) i o il

5'-ATG CGT GGC CCT ACCTCC AAA-3

Wildtype DNA 3 14 ¢ GCA CCG GGA TGG AGG TTT-5'
l Transcription
Wild type mRNA 5-AUG CGU GGC 86T ACC UCC AAA-3
Translation
Wild type Protein
Met Arg Gly Pre Thr Ser Lys

. 5'-ATG CGT GGC CCT ACCTCC AAA-3

Wild type DNA

3'-TAC GCA CCG GGA TGG AGG TTT-5'

¥
Mutant type DNA 5. ATG CGT GGC CGT ACC TCC AAA-3'

(Transversion) 3'-TAC GCA CCG GCA TGG AGG TTT-5'
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|

5'-AUG CGU GGC CGU ACC UCC AAA-3'

Mutant type mRNA l Translation

Mutant type Protein Met Arg Gly BB Thr Ser Lys

G 5 o i (e aclEl Jlagiud sy Ladie #15 5; Silent Alabal) 4daiil) <l ikl v/
ém‘)[\ crirad) uaalad) udi

| 5-ATG CGT GGC CCT ACC TCC AAA-3'
Wild type DNA  31.TAC GCA CCG GGA TGG AGG TTT-5'

l Transcription

5'-AUG CGU GGC €CU ACC UCC AAA-3'

Wild type mRNA
L Translation
Met A 1 ;
Wild type Protein et Arg Gly Pf@ lhr Ser Lys
_ 5'-ATG CGT GGC CCT ACCTCC AAA-3
Wild type DNA

3'-TAC GCA CCG GGA TGG AGG TTT-5'
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¥
Mutant type DNA 5. ATG CGT GGC CCC ACC TCC TAA-3'
(Transition) 3'TAC GCA CCG GGG TGG AGG ATT-5'

l Transcription

5'-AUG CGU GGC CCC ACC UCC AAA-3

Mutant type mRNA
l Translation
. Met Arg Gl Thr Ser Lys
Mutant type Protein e Gy I Y
ALY ) Delete —eaall Jaldis : (Frameshift Mutation) JWaY) 4al ) 5 ik -2

L@_\L&ﬂ\ QM\JSJ&Z@)ML@_N(&»Y\ 13 Cuas g SI o) Aatis g 533 32c @l Ingert
é&\dﬁd\@@aﬁusj

THEBIGCATEATTHERAT leall Ll

THE BIG CAT EAT THE RAT SIS o’ LI Lgapull 2a
THEIGCATATETHERAT Alaal) maal o ja B3a e

THE IGC ATA TET HER AT SIS mah LA Lgapui 2ny

| 5-ATG CGT GGC CCT ACC TCC AAA-3'
Wild type DNA 3. TAC GCA CCG GGA TGG AGG TTT-5'

l Transcription
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5'-AUG CGU GGC €CU ACC UCC AAA-3'

Wild type mRNA
L Translation
- : Met Arg G Thr S
Wild type Protein et Arg Gly Bl lhr Ser Lys
l Insert A
. 5'-ATG CGT GGC CCT ACC TCC AAA-3'
Wild type DNA

3'-TAC GCA CCG GGA TGG AGG TTT-5'

Mutant type DNA 5" ATG CGA TGG CCC CAC CTC CTA A-3'
(Transition) 3'TAC GCT ACC GGG GTG GAG GAT T-5'

l Transcription

5'-AUG CGA UGG CCC CAC CUC CUA A-3'
Mutant type mRNA

l Translation

) Met Arg T Pro His Leu Leu
Mutant type Protein & P
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RS e
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i) sl bae Ao a5 e g sa s SIS i

:Deletion s s s SI (e 4kad Cads O

:Insertion s e s SI (e dakad 23U ju |

‘Translocation g s sa s SI) (e dakad Jlagin) ju |
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:Inversion ass se s S (e 4zkad (uSe ju |

:Duplication a s s« 5 SI) (10 428 diclias ju |
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Monosomy Uadl 38 causis 3l 5 a g 505 S (An @ g 505 S 28 5l (uSall
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Mismatch Repair (blall lals ¥ #Sa) 41 -1
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Direct Photoreactivation Repair bl (5 gall bapdiilly ~ a4l 4
SOS i -5
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LY L gt 4080 e bl e il s (omny (530 { ILal) Ll Y1 olad 30Y) o3 ardted
dpnpball Aall 4 A8 jll 2o g8l (e e 5 Adenine () Gm Jeany 53 hlal)
Juslisil) Gaa 3 gl a1 ) Jiie de sanse 4Ll Dam methylase e a3 sty
aa) e mismatch Ghla Wl ) cpia) Jag 51 130 Ll (Opedilly 3 je o 55 Ladic) GATC

05 ) il de seme CinaY Dam methylase s 08 s AY) 2ol il

il ikl dag sy @l LBAN LLELY ey AN el aadid

4 o3 o) sl Frame shift JUaY) s <l jib s ( Transversion s Transition )kae s

. Bulky lesions _xSll alaall s Simple lesions Japnl) calaall #~3bay ardins

: s LS Prokaryote 8 5ill Alay 8 40V oda Jee 2801100 i 58 (S

138 Jary Cus MutS a8 DA (e 255 5 Mismatch Recognition (haladl Ll ¥ s -1
(BlAl Ll )Y adge el e an 3Y)

Jasy gAIMutL b))l JMA ¢ &5 Removing of Mismatch (alal) b j¥1 4l 5) -2
Oe el g sae day o a8 5 dga e Nick ol dery o5 52 ¥l 138 s MutH L)
e LAY dgall vie adad Jass exonuclease il dexy @l a2y Mismatch 4ikic
Lls ¥ <l e (an Helicase enzyme) UvrD a3 Jeny Glld a2y 3" Al ol )Y
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e Oxidized bases: 8-oxoguanine, 2,6-diamino-4-hydroxy-5-

formamidopyrimidine (FapyG, FapyA)
e Alkylated bases: 3-methyladenine, 7-methylguanine

e Deaminated bases: hypoxanthine formed from deamination

of adenine. Xanthine formed from deamination of guanine. (Thymidine

products following deamination of 5-methylcytosine are more difficult to

recognize, but can be repaired by mismatch-specific glycosylase)

e Uracil inappropriately incorporated n DNA or formed

by deamination of cytosine
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Figure 35: Basic outline of gene cloning [Dale and von Schantz,2002]
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Figure 36 : a) A map of pBR322 showing the positions of the ampicillin resistance
(Apr) and tetracycline resistance (7er ) genes b) A map of pUCIS showing the
position of the ampicillin resistance |Lodge et al. 2007] .
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Cloning with lambda replacement vectors involves the following steps
1.Isolating the vector DNA from phage particles and digestion with the
appropriate restriction enzyme.

2.Connecting the two lambda fragments to fragments of foreign DNA
using DNA ligase.

3. Packaging of the DNA by adding cell extracts containing the head and
tail proteins and allowing the formation of viable phage particles to occur
spontaneously.

4. Infecting E. coli and isolating phage clones by picking plaques on a
host strain.

5. Checking recombinant phage for the presence of the desired foreign
DNA sequence using nucleic acid hybridization procedures, DNA
sequencing,or observation of genetic properties.
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Figure 37 : The dosblestranded fragment to be sequenced i labeled af the S cnds - The label is
removed from one end, and the fragment thes is desatured. Four identical samples of the prepared
fragment are subjected to four different sets of chemical reactions that sclectivedy cut the DNA
Backbese 3t G, G+ AL C+ T, or C residucs. The reactions are controlled so that each labelod chain is
Ekely to be brokes only esce.| Agarwal 2003).
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Figure 35: Basic outline of gene cloning [Dale and von Schantz,2002]
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Figure 36 : a) A map of pBR322 showing the positions of the ampicillin resistance
(Apr) and tetracycline resistance (7er ) genes b) A map of pUCIS showing the
position of the ampicillin resistance |Lodge et al. 2007] .
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Cloning with lambda replacement vectors involves the following steps
1.Isolating the vector DNA from phage particles and digestion with the
appropriate restriction enzyme.

2.Connecting the two lambda fragments to fragments of foreign DNA
using DNA ligase.
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3. Packaging of the DNA by adding cell extracts containing the head and
tail proteins and allowing the formation of viable phage particles to occur
spontaneously.

4. Infecting E. coli and isolating phage clones by picking plaques on a
host strain.

5. Checking recombinant phage for the presence of the desired foreign
DNA sequence using nucleic acid hybridization procedures, DNA
sequencing,or observation of genetic properties.
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