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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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Outline

= Forward vs. Reverse Genetics
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,Classical“ genetics versus ,reverse genetics*
approaches in functional genomics

RANDOM MUTAGENESIS

<
A
Q
LClassical genetics* approach / .Reverse genetics‘ approach
EMS
_— T-DNA

AN

1. IDENTIFICATION OF PHENOTYPE 1. ISOLATION OF SEQUENCE-

-SPECIFIC MUTANT
2. GENE MAPPING

2. IDENTIFICATION OF

PHENOTYPE
3. GENE IDENTIFICATION

- position cloning

3. PROOF OF CAUSAL RELATIONSHIP
Q (retrojtransposons 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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Mikkers et al., Nature Gen (2002)




Insertional mutagenesis in
forward genetics approaches

Use of insertional mutagenesis for study of

carcinogenesis

Infection of EuMyc pim1 mutants by MoMuLV 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 EpMyc 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 downsteram proteins of Pim
signalling pathway (X) or to activate some of the related pathways leading to
lymphomagenedis (z). =" b Euldye Pimi=
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Insertional mutagenesis in
forward genetics approaches

Isolation of genomic regions adjacent to the insertion site
of the provirus

a

Cleavage of genomic DNA and ligation of w

special linkers, so-called splincerettes /\/'\’T—'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)



Insertional mutagenesis in
forward genetics approaches

Isolation of genomic regions adjacent to the insertion site
of the provirus

[
First amplification using specific primers PN W NP NN
_ n
W Trﬂm\ restricted
with enzyme X is
ligated to the
splinkerette
RN |
PCR with first
Splinkerette primer pairf

5

Devon et al., Nucl Acid Res (1994)

Mikkers et al., Nature Gen (2002)



Insertional mutagenesis in
forward genetics approaches

Isolation of genomic regions adjacent to the insertion site
of the provirus

a

Second amplification using nested w

primers (increasing the specifity) /\/—\,T—-“\./\f\

- ~

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

PCR with first
Splinkerette primer pairf
primer a
5 —— 3 cohesive —- W
5 eod

Devon et al., Nucl Acid Res (1994)

Mikkers et al., Nature Gen (2002)



Insertional mutagenesis in
forward genetics approaches

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

a

Sequencing and localization of regions PN W NP NN

adjacent to provirus by searching in /\/'\’T—'m

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 —— 3 cohesive W
5 end -

—
¥ PCR with
nested
primer pair

RN

-—

Devon et al., Nucl Acid Res (1994)

Mikkers et al., Nature Gen (2002)



Outline

= metabolic profile
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Metabolic profiling

» Metabolic profiling of plants

Automated analysis of metabolites (up to .=
25.000) by GC-MS techniques in libraries .
of T-DNA mutants
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Metabolic profiling

» Metabolic profiling of plants

Automated analysis of metabolites (up to e
25.000) by GC-MS techniques in libraries . " S
of T-DNA mutants _ .

|dentification of interesting (even
comercially interesting) mutants

Vector 4 Vector 2

/ B Col-2 WT
| dgd?
@ C24WT
& s0di-1



Metabolic profiling

» Metabolic profiling of plants

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 adjacent to T-
DNA




Metabolic profiling

» Metabolic profiling of plants

Possibility to use special techniques, e.g. microdissection

Cryosectioning LMPC GCMS

30 pm stem
Cross cryo- Vascular
sections bundles

Cluster analysis of cell-
type specific samples

Identification of
Sections without differentially concen-
vascular bundles trated metabolites




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 expression pattern
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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 expression pattern

Possibility of partial automation (virtual digital microscopy)



Automated Microscopy
Screening




Expression profile

AWT




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

x, ~ ey SVERSZ, INVESTICE DO ROZVOJE VZDELAVANI
# " * 3 <,
* : %r . > Z Tato prezentace je spolufinancovana
** * x u’; é‘-f.lz
- MINISTERSTVO O
EVROPSKA UNIE ¥ MLADEZE A TELOVYCHC chopn

Evropskym socialnim fondem
a statnim rozpoétem Ceské republiky



|dentification of mutant

= Crinkled leaves

= Bushy phenotype (branching

defective)
= No trichomes on leaves and

stems
= | ate senescence




|dentification of mutant

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




|dentification of mutated locus

» |dentification of chromosomal rearrangements responsible
for bushy phenotype of Arabidopsis

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

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

ot = Restriction digestion (EcoRJ)
A, } p LHG4 —‘7
A - L6 4 of mutant genomic DNA

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

@ positively selected clones

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

colCRI
Sacl put0l
rccﬁ5l ( rsil
coRl pnl Sphl SexAl glll
i \ | | i

CACAGGAAACAGCTATGACATGATTACGAATTCGAGC TCGGTACCCAATTCTATGAAAGAGTCTCGGGAGCCAGGATGCATGCCAGTTTCATACGACCAGGT GGAGTGGCACAAGATCTGCCTCTTGGCTTATGTCGAGATATTGATICC

150

GTGTCCTTTGTCGATACTGTACTAATGCTTAAGCTCGAGCCATGGGTTAAGATACTTTCTCAGAGCCCTCGGTCCTACGTACGGTCAAAGTATGCTGGTCCACCTCACCGTGTTCTAGACGGAGAACCGAATACAGCTCTATAACTAAGG

nad7 sequence

IClal IEarl IBsgl IBtsl IBamHI

TTCACACAACAATTTGCTTCTCGTATCGATGAATTAGAAGAGATGTCAACCGGCAACCGTATCTGGAAACAACGATTAGTGGATATTGGTACTGTCACTGCACAGCAAGCAAAGGAT TGGGGAATTGTAAATGGCTTCATGTCCGGGGGA 300

AAGTGTGTTGTTAAACGAAGAGCATAGCTACTTAATCTTCTCTACAGTTGGCCGT TGGCATAGACCTTTGTTGCTAATCACCTATAACCATGACAGTGACGTGTCGTTCGTTTCCTAACCCCTTAACATTTACCGAAGTACAGGCCCCCT

nad7 sequence LB T-DNA




|dentification of mutated locus

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

border using inversion PCR (iPCR)
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LHG4 ' {
RB

G4

Hind 111
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Restriction digestion
(EcoRI) of mutant genomic

DNA
Purification, religation and

PCR using T-DNA specific
primers

Cloning and sequencing
|ldentified sequence was

not homologous to any
sequences with known

~ function
Hind Il

mal coRV
amHI Smal Hindlll vull
TAGTGGATCCCCCGGGCTGCAGGAATTCGATATCAAGCTTGGATCAGATTGTCGTTTCCCGCCTTCGGTAAACCTGAGAAAACTTCAATTAGCGTCCCCGCCGTGACAGCTGAATCTCCAGCTTCCGTACCTGGAATTGCTCTAGGATT

150

ATCACCTAGGGGGCCCGACGTCCTTAAGCTATAGTTCGAACCTAGTCTAACAGCAAAGGGCGGAAGCCATTTGGACTCTTTTGAAGTTAATCGCAGGGGCGGCACTGTCGACTT AGAGGTCGAAGGCATGGACCTTAACGAGATC CTAA
» [

b

CGCCAACGAAGCTGTGTCCACCATGTGTAGAAGCGTTAACTTAGGGCAACTGGTAGCTACGGCGGAGAGAGTCTCGTCT CCGACGAATTCCGATCCACTAGTGGTTTTTCTTTTC

RB

Bpll
pll’

Spel

265

GCGGTTGC TTCGACACAGGTGGTACACATCTTCGCAATTGAAT CCCGTTGACCATCGATGCCGCCTC

TCTCAGAGCAGAGGCT

GCTTAAGGCTAGGTGATCACCAAAAAGAAAAG




|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

@AOO®
OOOG
Q000
0000




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 mi421 PhyB er copl LTP Ubique mi79a rga  RNS1 mi421  PhyB er copl LTP  Ubique mi7%
= & 2 N . P 3 3 3 M 3 —3
A. C_II. L] T L) L] 1 ) A L L L] L] L] LI )
B. L!JIE.WB,E'SS ap 18,865,410 bp| b B. _‘JZ.E?E.SBO hp 3,818,762 bp[ b
17,000,000 18,000,000 3,000, 000 3,200,000 3,400,000 3,600,000 3, ;
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ul. SCGCSNP37  5M235_247,2 CD2131 SGCSNPLGS 5M26_495,4  sM1z0_: .,I. MIZ10 F53315-5F6 SM180_402,3  5M143_142,1 SM59_143,1  SML143 20
2 SCCENPL Tzp4-2 CLUZ SGCSNPLES M34_327 .3 cpzs :l: SW51_393,3 SM165_274,3 5M180_183,8 SM171_145 4 E
= SCCSNP363  T2P4-2 SM34_325,7 TBM12 SM33_202,4 = gFM15.184 4 sM72_75,1 SM15.205.6 MI421 5M1z2 1361
L — . . H ! H — E " Y ] i i . .
IEELEEMEI T-2P4 gg 136113 24P15 I;EBEG ﬁﬂlg WEE F4L23 w n Tﬁiiﬁ viii'i :Héii iTHi viii Tiﬁsi E
i r = - a
% ;1?.\14 EZI ROBS WGG wlﬂ %LS mlE wElS WKZ 5 TZS:ZZI gﬁ'cl ITSM%I Ilﬁgﬁ I Tl;JZ IF?B].B
T i i S I
C 7.75 cM 67.38 M| B c o
: - . . - " : . 40,00 cM 9.62 cM| »
- - ¢ 7
‘ 0‘59.‘00IGU[OD‘6].'00‘b2|00l03.‘LUlaiiLU|6.iUUIEEiUUIEFi U.‘ l.FO 2.00 3.00 4.00 5.00 6.00 7.00 8.00 )
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= There was probably an inversion of almost entire
chromosome 2

rga RNS1 mi421 PhyB er copl LTP Ubique mi79%a
(I—I)(i i i i i — )
A.

Nad7 ORE9

B.

Nad7 ORE9

LB T-DNA RB




Outline

Use of Libraries of Point Mutants in Forward Genetics
= Positional Cloning
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|dentification of mutated locus

= Positional cloning

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



Positional cloning

3

Col Col Ler Ler
Preparation of mapping population col L
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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
1/10%x100 = 10%

F2 mutants

marker Il - no linkage
6 mutants
7/12x100 = 58%

» Analysis of approximately 2000 mutant plants
« Determining the closest (still segregating) marker
+ |dentification of mutation by sequencing



Map of DNA molecular markers

1CH 2CH 3CH 4CH SCH
29 EAT 3.5 ngall4s 5.4 GAPC o o 8.5 MUK 11D
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GBG,3 =APEB 2 738 ngal6s 70,0 W 710 PHY
72,0 CIVY 1 Ta2 Bgl1
79,8 AthS0 191
g34 ngatlil3g
97 97 931 Fhd
1010 101
1047 ngat107v
2.0 PCD2
113.0 fgat1 1130 Y10
117,28 AhATRASE
1260 1258

135,0 135 1330 139



Markers for fine mapping
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Summary

= 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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Discussion
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