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Outline

= Forward vs. reverse genetics

Use of libraries of insertional mutants in forward genetics

= Searching in libraries of insertional mutants according to:

= anatomically or morphologically detectable phenotype
= metabolic profile

= expression of genes of interest

= |dentification of the mutated locus
= plasmid rescue
= PCR

Use of libraries of point mutants in forward genetics
= Positional cloning
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,Classical“ genetics versus ,reverse genetics*
approaches in functional genomics

RANDOM MUTAGENESIS

N
ke
<
.Classical genetics‘ approach / .Reverse genetics‘ approach
EMS
—_— T-DNA
1. IDENTIFICATION OF PHENOTYPE h 1. ISOLATION OF SEQUENCE-
-SPECIFIC MUTANT
2. GENE MAPPING
2. IDENTIFICATION OF
PHENOTYPE
3. GENE IDENTIFICATION
- position cloning 3. PROOF OF CAUSAL RELATIONSHIP
. (retro)transposons BETWEEN INSERTION AND
< PHENOTYPE
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Outline

Use of libraries of insertional mutants in forward genetics

= Searching in libraries of insertional mutants according to:
= anatomically or morphologically detectable phenotype
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Insertional mutagenesis in
forward genetics approaches

Use of insertional mutagenesis for study of
carcinogenesis

Infection of EpMyc mice by MoMuLV retrovirus leads to lymphomas
formation, which arose due to activation of Pim kinases (40 % activation
of Pim1, 15 % activation of Pim2), molecular targets of these kinases
were unknown B
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Insertional mutagenesis in
forward genetics approaches

Use of insertional mutagenesis for study of

carcinogenesis

Infection of EuMyc pim1 mutants by MoMulLV retrovirus leads to
lymphomas formation, which in 90 % contain insertion nearby (activation)
Pim2
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Insertional mutagenesis in
forward genetics approaches

Use of insertional mutagenesis for study of

carcinogenesis

Infection of EyMyc double mutants pim1, pim2 by MoMuLV retrovirus leads to
lymphomas formation, which can be expected to activate either one of the
signalling partner of Pim proteins (Y), one of the proteins of Pim signalling pathway
(X) or to actlvate some of trE1e m%)felated path\é'vays Iead}b%% to I}/mphomagene&s (2).
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Insertional mutagenesis in
forward genetics approaches

|solation of genomic regions adjacent to the insertion site
of the provirus

a

Cleavage of genomic DNA and ligation of Wmm

special linkers, so-called splincerettes /\f\‘r—r\m”““

(increasing the specifity of amplification) — ~

W tumor DNA restricted
with enzyme X is
ligated to the
splinkerette

Devon et al., Nucl Acid Res (1994)

Mikkers et al., Nature Gen (2002)
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Insertional mutagenesis in
forward genetics approaches

|solation of genomic regions adjacent to the insertion site
of the provirus

a
H kA
First amplification using specific primers P W NP PN
_ h
W Yr DHA restricted
with enzyme X is
ligated to the
splinkerette
ERNNY |
PCR with fi
Splinkerette prim‘m::rt palirrsf
primer
5 _’ ¥ cobesive
5 end

Devon et al., Nucl Acid Res (1994)

Mikkers et al., Nature Gen (2002)
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Insertional mutagenesis in
forward genetics approaches

|solation of genomic regions adjacent to the insertion site
of the provirus

a

Second amplification using nested e W NP

primers (increasing the specifity) /\/’\»T—l‘\fkf\

r"" ~

W tumor DNA restricted
with enzyme X is
ligated to the
splinkerette

Smm PCR with ﬁrsf

primer pair

Devon et al., Nucl Acid Res (1994)

Mikkers et al., Nature Gen (2002)
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Insertional mutagenesis in
forward genetics approaches

» |solation of genomic regions adjacent to the insertion site
of the provirus

a

Sequencing and localization of regions P N N N

adjacent to provirus by searching in /\A‘f—rm

annotated databases of mouse genome - ~~

W tumor DNA restricted
with enzyme X is
ligated to the
splinkerette

PCR with first
Splinkerette primer pairf
primer )
5 N 3 cobesive = AR
g end -
3 PCR with
nested
primer pair

-—

Devon et al., Nucl Acid Res (1994)

Mikkers et al., Nature Gen (2002)

In case of splincerette, the primer is of the same sequence as the top strand and therefore it is
unable to act as a primer until the complement of this strand has been synthesized (from the
insert-specific primer at the right-hand side).



Outline

= metabolic profile
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Metabolic profiling

= Metabolic profiling of plants

Mass and automated analysis of ="
metabolites (up to 25.000) by GC-MS .
techniques in libraries of T-DNA mutants

75 miz 245
18229 min

Malate
245
I |II L

| GABA
miz 251

iz
A ﬁ unknown

— mz 304
13.249 min

18.191 min

MLLLJL LA L.l LUl “..Lumih

4 retention time 50 min
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Metabolic profiling

= Metabolic profiling of plants

Mass and automated analysis of s
metabolites (up to 25.000) by GC-MS .
techniques in libraries of T-DNA mutants

|dentification ~ of  interesting (even
comercially interestind) mutants

Vector 1

Vector 2

B Col-2 WT
m dgdi

& C24WT
& sddi-1
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Metabolic profiling

= Metabolic profiling of plants

Mass and automated analysis of
metabolites (up to 25.000) by GC-MS
techniques in libraries of T-DNA mutants

|dentification ~ of  interesting (even
comercially interesting) mutants

Fast and easy isolation of genes through
identification of sequences affected by
T-DNA




Metabolic profiling

= Metabolic profiling of plants

Possibility to use special techniques, e.g. microdissection

Cryosectioning LMPC GCMS

30 pm stem

Cross Cryo-

sections bundles

g e R ]

type specific samples

Identification of
Sections without differentially concen-
vascular bundles trated metabolites

17



Outline

= expression of genes of interest
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Expression profile

» |dentification of mutants with a change in the
expression profile

Analysis of expression profile (pattern) of the gene
and identification of mutants with altered pattern of
expression

19



Expression profile

» |dentification of mutants with a change in the
expression profile

Analysis of expression profile (pattern) of the gene
and identification of mutants with altered pattern of
expression

Possibility of partial automation (virtual digital
microscopy)

20
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Expression profile




Outline

|dentification of the mutated locus
= plasmid rescue
= PCR
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|dentification of mutated locus

|dentification of chromosomal rearrangements responsible
for bushy phenotype of Arabidopsis

= Description of phenotype
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|dentification of mutant

n¥e
>

Crinkled leaves

Bushy phenotype (branching

defective)
No trichomes on leaves and

stems
Late senescence

24
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|dentification of mutant

= Male sterility, defects in
stamen filament elongation
(A.B)
(compare with wild type C)




|dentification of mutated locus

for bushy phenotype of Arabidopsis

|dentification of chromosomal rearrangements responsible

Description of phenotype
|dentification of T-DNA mutated region
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|dentification of mutated locus

1. ldentification of region of genomic DNA adjacent to the left
border using plasmid rescue

ot | = Restriction digestion (EcoRl)
A } p LHG4 _‘7
o o & w» of mutant genomic DNA

% positively selected clones

|ldentified  sequence  was
identical to gene for NAD7
coded by mtDNA

colCRI
Sacl pu10l
rccesl rsil
coRl pnl Sphl SexAl glll
i A | | P

CACAGGAAACAGCTATGACATGATTACGAATTCGAGCTCGGTACCCAATTCTATGAAAGAGTCTCGGGAGCCAGGATGCATGCCAGTTTCATACGACCAGGTGGAGTGGCACAAGATCTGCCTCTTGGCTTATGTCGAGATATTGATTCC

150

GTGTCCTTTGTCGATACTGTACTAATGCTTAAGCTCGAGCCATGGGTTAAGATACTTTCTCAGAGCCCTCGGTCCTACGTACGGTCAAAGTATGCTGGTCCACCTCACCGTGTTCTAGACGGAGAACCGAATACAGCTCTATAACTAAGG

nad7 sequence

IClal IEarl IB‘.:‘.gl IBISI IBamHI

TTCACACAACAATTTGCTTCTCGTATCGATGAATTAGAAGAGATGTCAACCGGCAACCGTATCTGGAAACAACGATTAGTGGATATTGGTACTGTCACTGCACAGCAAGCAAAGGAT TGGGGAATTGTAAATGGCTTCATGTCCGGGGGA 300

AAGTGTGTTGTTAAACGAAGAGCATAGCTACTTAATCTTCTCTACAGTTGGCCGT TGGCATAGACCTTTGTTGCTAATCACCTATAACCATGACAGTGACGTGTCGTTCGTTTCCTAACCCCTTAACATTTACCGAAGTACAGGCCCCCT

nad? sequence LB T-DNA

27

A
’ Religation and transformation of
E. coli
B, A Isolation of plasmid DNA from



|dentification of mutated locus

2. ldentification of region of genomic DNA adjacent to the right

border using inversion PCR (iPCR)

LHG4

= Restriction digestion

A. 2 Npt | {
LB A
p

BN

A

(EcoRI) of mutant genomic

DNA
= Purification, religation and

PCR using T-DNA specific
primers

A

» Cloning and sequencing

= |dentified sequence was
not homologous to any

RB

Hind 1l

mal stl coRV
ISrnal IECORI H ndlll
GGCTGCAGGAATTCGATATCAAG

lBamHl
TAGTGGATCCC

\ 4
sequences with known

LH\
o function

Hind Il

IBprnI 7 ifvj”

'l L 1

pBsc RB

.

sC | TGGATCAGATTGTCGTTTCCCGCCT TCGGTAAACC TGAGAAAACT TCAATTAGCGTCCCCGCCGTGACAGCTGAATCTCCAGCTTCCGTACCTGGAATTGCTCTAGGATT 150
ATCACCTAGGGGGCCCGACGTCCTTAAGCTATAGTTC /\f\(,. CTAGTCTAACAGCAAAGGGCGGAAGCCATTTGGACTCTTTTGAAGTTAATCGCAGGGGCGGCACTGTCGACTTAGAGG TCGAAGGCATGGACC TTAACGAGATCCTAA
[
">

Bpll
ralll |I-|p.5.|l |Bpll

|

coRI
Bpll

|Bpll'

CGCCAACGAAGCTGTGTCCACCATGTGTAGAAGCGTTAACTTAGGGCAACTGGTAGCTACGGCGGAGAGAGTCTCGTCTCCGACGAATTCCGATC

|Spel

_CACTAGTGGTTTTTCTTTTC 285

GCGGTTGC TTCGACACAGGTGGTACACATCTTCGCAAT TGAATCCCGT TGACCATCGATGCCGCCTCTC TCAGAGCAGAGGCTGCTTAAGGCTAGGTGATCACCAAAAAGAAAAG

28
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|dentification of mutated locus

|dentification of chromosomal rearrangements responsible
for bushy phenotype of Arabidopsis

= Description of phenotype
» |dentification of T-DNA mutated region
» Localization of T-DNA insertion site in Arabidopsis genome
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Searching in library IGF-BAC

Genome library containing 10.752 clones with an average size of an
insert of 100 kb

Bacterial clones arranged in the microtiter plates

Library loaded onto nylon filters for hybridization with the
radiolabeled probe

30
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Mapping with IGF-BAC database

I. Sequences adjacent to the left border of T-DNA

= 28 positively hybridizing clones in total

= 19 of them located on chromosome 2

= 18 of them similar with mtDNA

Il. Sequences adjacent to the right border of T-DNA

» 6 positively hybridizing clones in total

= all of them located on chromosome 2
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Localization of genomic T-DNA adjacent to both left
and right T-DNA borders on chromosome 2

Sequences adjacent to right and left border of T-DNA

rga  RNST mid21 PhyB er copl LTP Ubique mi79a
S & i i —
A.
B. _!JlEiAUB‘E'SS np 18,885,410 bp| B
17,000,000 18,000,000
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:. EMB53 PAD PID + RE GRL EMB1S  ABI4 + FPA
U FADZ 4 COP1 + ABIS DET2 + CYT1 COIl + BID
= b ! b b i L
= CPC + psl AUXL = EWB
i . . H .

B.

C.
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(I—Ixi i i 1 1 —t )
_!_!2‘836.580 bp 3,818,762 bp| p
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0. 1.00 2.00 3.00 4,00 500 600 7F.00 8.00 9.0
oo b borvatec oo oo bocon b becnntber e oot bovne o et o vn b e g
\n EMB9L RGA + EMB34 ETI +  JWURZ
o
o SPR
=
o
=, L . L

= There was probably an inversion of almost entire

chromosome 2
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PhyB er copl LTP Ubigque mi7%a
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Outline

Use of libraries of point mutants in forward genetics
= Positional cloning
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|dentification of mutated locus

= Positional cloning

|

O

a
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Principle: co-segregation analysis of segregating population (mostly of
offspring of backcrosses) with molecular markers

SSLP (Simple Sequence Length Polymorphism)

O

Polymorphism of genome (PCR products) length, amplified using
specific primers

RFLP (Restriction Fragment Length Polymorphism)

O

Detection by Southern blot (PCR after digestion of the genomic DNA
and ligation of adapters)

CAPS (Cleaved Amplified Polymorphic Sequence)

O

Restriction fragment length polymorphism, genome segments
amplified by PCR

RAPD (Randomly Amplified Polymorphic DNA)

O

Polymorphism of length of randomly amplified genome segments,
using short 8-10bp primers
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Positional cloning

Col Col Ler Ler
Preparation of mapping population Col L
ol Ler
m=T + +_I "
\ " I:NI " tM
Col Col Col Ler Ler Ler
[ I |

m =— —t) m == =m

M~ im M rv. MitM

Col Ler Col Ler Ler Ler

[ |
m I—"' "3 * " I:+
Mt oM M I:M M1 M

Col Col Col Ler Ler Ler

TR A I ¢
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Recombinant analysis — determining the percentage of
recombination between mutation and molecular marker
r [%] = number of chromosomes of Col/

number of all the chromosomes x 100

F2 mutants ‘Ler Col marker | — linked
5 mutants
1/10x100 = 10%
F2
mutants S 1 arker il - no linkage

7/12x100 = 58%

* Analysis of approximately 2000 mutant lines
« Determining the closest (still) segregating marker
 Identification of mutation by sequencing



Map of DNA molecular markers
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