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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
= jPCR

= Use of Libraries of Point Mutants in Forward Genetics
= Positional Cloning



Outline

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

RANDOM MUTAGENESIS

A
IS
.Classical genetics‘ approach / .Reverse genetics‘ approach
EMS
- o T-DNA
| D —

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

(retro)transposons BETWEEN INSERTION AND
< PHENOTYPE




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 EuMyc 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
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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 EpMyc pim1 mutants by MoMuLV retrovirus leads to
lymphomas formation, which in 90 % contain insertion nearby

(activation) Pim2
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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 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 sobme of the related pathways leading to

lymphomagenests (Z). Eplve Pimi-

Fim fgmf P PJ'mZﬁ?
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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

Cleavage of genomic DNA and ligation W

of special linkers, so-called splincerettes W

(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

a

First amplification using specific primers W

! -
- .

r’f i

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

PCR with first
Splinkerette primer pairf

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) W-W

r’f i

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

PCR with first
Splinkerette primer pairf

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 NN NN

adjacent to provirus by searching in qu

annotated databases of mouse genome — ~

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

PCR with first
Splinkerette primer pairf

cobesive
end

=
¥ PCR with
nested
primer pair

SRV

-—

RN |

-—

Devon et al., Nucl Acid Res (1994)

Mikkers et al., Nature Gen (2002)
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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 |
25.000) by GC-MS techniques in libraries
of T-DNA mutants

Identification  of  interesting (even
comercially interesting) mutants

Veétor 2

B Col-2WT
| dgdi

& C24WT
& sddi-1
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Metabolic profiling

= Metabolic profiling of plants s ‘

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

Identification  of  interesting (even
comercially interesting) mutants

Fast and easy isolation of genes through
identification of sequences adjacent to T-
DNA

DICEITEC



Metabolic profiling

Metabolic profiling of plants

Possibility to use special techniques, e.g. microdissection

Cryosectioning LMPC
30 pm stem I
Cross cryo- Vascular
sections bundles

Sections without
vascular bundles

Cluster analysis of cell-
type specific samples

Identification of
differentially concen-
trated metabolites
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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

%
A .3\
X e 0 b I
ﬁ SRS
S . 9 ~
¥ CONN
i . 5
o & =
‘x\“.\ : A
% & N
L RN
: .
bt LRk o
»n T Q
y:* S
N -
3 s ."'\
o N
3
-



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

N Gemrec



Expression profile
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L PH controls expression of CK/1

m Dobisova et al., Plant Physiol, 2017 DPCEITEC



Ioh i1s novel allele of HEME
OXYGENASE 1

A CCTACTGTTGAAGGTTACTTGAGGTTTCTTGTGGATAGTAAATTGGTTTATGATACTCTTGAACTGATTA

B Col-0 wt wt Iph100bp C
DNA cDNA — . —
Iron binding site 200 bp
e - v
300 T
J— HY1 CTTgtgagt W UTR
200 fph/hy'f— 7 CTTgtgaat (.;xon
= intron
*¢ 27 AA deletion
D
HY1 MAYLAPISSSLSIFKNPQLSRFQFSSSSPNPLFLRPRIQILSMTMNKSPSLVVVAATTAAEKQKKRY PGESKGFVEEMRFVAMRLHTKDQAKEGEKETKS
1ph/hyl-7 MAYLAPISSSLSIFKNPQLSRFQFSSSSPNPLFLRPRIQILSMTMNKSPSLVVVAATTAAEKQKKRY PGESKGFVEEMRFVAMRLETKDQAKEGEKETKS
HY1 IEERPVAKWEPTVE FKNTGLERAEKLSTDLEWFKEQGYEIPEPTAPGKTYSQYLKELAEKDPOAFICHFY
1ph/hyl-7 IEERPVAKWEPTVE} FKNTGLERAEKLSTDLEWFKEQGYEIPEPTAPGKTYSQYLKELAEKDPQAFICHFY
HY1 NIYFAHSAGGRMIGREKVAERILDNRELEFYKWDGELSQLLONVREKLNKVAEEWTREEKNHCLEETEKSFKYSGEILRLILS

1ph/hyl-7 NIYFAHSAGGRMIGRKVAERILDNKELEFYKWDGELSQLLONVREKLNKVAEEWTREEKNHCLEETEKSFKYSGEILRLILS

Dobisova et al., Plant Physiol, 2017
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Iph is novel allele of HEME
OXYGENASE 1

PLASTID

CYTOPLASM
APOPHYTOCHROME
UL S

3E-POB

HOLOPHYTOCHROME g

Terry et al., Biochem Soc Trans, 2002
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Light controls spatiotemporal
speC|f|C|ty of CKI1 expression

Iph/hy1-7

--------------

Darkness e

Red

Far-Red

m Dobisova et al., Plant Phys, 2017 &b EITEC



Outline

= |dentification of the Mutated Locus

= plasmid rescue
= jPCR
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|dentification of mutated locus

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

= Description of phenotype



|dentification of mutant

L

= Crinkled leaves

= Bushy phenotype (branching

defective)
= No trichomes on leaves and

stems
= | ate senescence

DICEITEC




|dentification of mutant

Male sterility, defects in stamen
filament elongation (A,B)

(compare with wild type C)

DICEITEC



|dentification of mutated locus

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

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



|dentification of mutated locus

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

ot = Restriction digestion (EcoRJ)
} Ip LHG4 _‘7
A - 1 o of mutant genomic DNA

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

@ positively selected clones

Identified  sequence  was
identical to gene for NAD7
coded by mtDNA

colCRI
Sacl pu10l
|Ac065I rsil
coRI pnl Sphl SexAl glll
F [ | | P

CACAGGAAACAGCTATGACATGATTACGAATTCGAGCTCGGTACCCAATTCTATGAAAGAGTCTCGGGAGCCAGGATGCATGCCAGTTTCATACGACCAGGTGGAGTGGCACAAGATCTGCCTCTTGGCTTATGTCGAGATATTGATTCC

150

GTGTCCTTTGTCGATACTGTACTAATGCTTAAGCTCGAGCCATGGGTTAAGATACTTTCTCAGAGCCCTCGGTCCTACGTACGGTCAAAGTATGCTGGTCCACCTCACCGTGTTCTAGACGGAGAACCGAATACAGCTCTATAACTAAGE

B
L nad7 sequence
|Clal IEari IBsgl IBtsl IBamHI
TTCACACAACAATTTGCTTCTCGTATCGATGAAT TAGAAGAGATGTCAACCGGCAACCGTATCTGGAAACAACGATTAGTGGATATTGGTACTGTCACTGCACAGCAAGCAAAGGAT TGGGGAATTGTAAATGGCTTCATGTCCGGGGGA

300

AAGTGTGTTGTTAAACGAAGAGCATAGCTACTTAATCTTCTCTACAGTTGGCCGTTGGCATAGACCTTTGTTGCTAATCACCTATAACCATGACAGTGACGTGTCGTTCGTTTCCTAACCCCTTAACATTTACCGAAGTACAGGCCCCCT

LB T—DNAJ

nad7 sequence \
32 ] S CEITES




|dentification of mutated locus

2. Identification of region of genomic DNA adjacent to the right
border using inversion PCR (iPCR)

= Restriction digestion

A ) LM | I‘L—ii N (EcoRl) of mutant genomic
> DNA

= Purification, religation and
NEN PCR using T-DNA specific
2 primers

= Cloning and sequencing

. - = |dentified sequence was

not homologous to any
, G4 LH :
¢ ‘ J‘_ sequences with  known
RB

function

- 3
mal coRV
IBarnHI Smal IEcoRI H ndlll IBpml IF’vull
1AG ,%l:‘(,;l; ATAICAAGC T IGGA TCAGA T IGICG T ICCCGLC!T ICGGEIAAACC | GAGAAAAC T ICAAT IAGCG ICCCCGLCGE I GACAGCIGAA ICICCAGL I I CCGIACC IGGAAT IGCICIAGGATLL 150
ATCACCTAGGGGGCCCGACGTCCTTAAGCTATAGTTCG AA CTAGTCTAACAGCAAAGGGCGGAAGCCATTTGGACTCTTTTGAAGTTAATCGCAGGGGCGGCACTGTCGACTT AGAGGTCGAAGGCAT GGACCTTAACGAGATCCTAA
[
>
pBsc -l L RB |
4
«

b e 2 TR .

CGCCAACGAAGCTGTGTCCACCATGTGTAGAAGCGTTAACTTAGGGCAACTGGTAGCTACGGCGGAGAGAGTCTCGTCTCCGACGAATTCCGATCCACTAGTGGTTTTTCTTTTC

GCGGTTGC TTCGACACAGGTGGTACACATCTTCGCAATTGAATCCCGTTGACCATCGATGCCGCCTCTCTCAGAGCAGAGGCTGCTTAAGGCTAGGTGATCACCAAAAAGAAAAG




|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



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

0000
OOO®
Q000
OOWE®

DPCEITEC



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



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 mid21 PhyB er copl LTP  Ubique mi7%
P . & 1 1 ———— i S &
B | 4]16,409,958 bp 18,865,410 bp|p B |4]2.836,580 bp 3,818,762 bp|
17,000,000 18,000,000 i 3.00(‘.!.000 ! 3.209.000 | 3‘40?‘000 : 3‘609.005 | 3, T,
i b ow o oa w | . i a4 e oaow o d G owow 0w o T FETI Y I TN PO P P PRy YT v PrUTY ey PPN o PrY (PP PP PP
:I SGCENPIZ  SM235_247,2 £02131 SGCSNPlee SM26_495,4  §M120_: :\ PI310 F5115-5F6 SM180_402,3  5M143_142,1 SM59_143.1  SM143 20
I SGCSNPL  T2P4-3 CLUZ SGCSNP16E sMs4_387,3  Cpac T sHMs1_203,3 SMLE5_274,2  SM180_183,9 SM171_145,4 K]
5 SGCSNP3IE3  T2P4-2 SM34_325,7 TBM1Z SM33_202,4 = SML5_184,4 £H72_75,1 FM15_205,6 MI421 SM12 1361
L7 ! . \ H ul H — 3 H
IEZLG&MZI T-ZPd %9 T.EEJIE T-E'-'Wis EZEEG gﬂlg w22 F4L23 w 9 Taii: 'i;iii :aaii 7H 'iii I ﬁ‘i u
<
= 17414 21 083 13266 10 L8 13 ELS  Fl7KZ o F27C21 2 E ']
Eopme mmopw @e w0 M WEv W 5 G T e BEE M e
=] T3I7 F2711 717017 F123H10 6020 F1l4M22 11024 E4Il T14F1 - =
¢ 45775 o 67.38 M| » c =
' 2 Fmen o e s : : 5 - 40.00 cM 9.62 cM| b
3 : 0‘59.‘00‘50|00IGlloD":2|00IvS.‘LﬂluiiLUIGE.IUUIGG.‘UUIGri U.IUUJ 1.00 2.00 3.00 4.00 5.00 6.00 7.00 &.00 9.0
R L R e [ R R N e L T LT e
. fHES3 DAD PID + RE GRL  EMB1S  ABI4 + FPA - P09 pA + 0 STI 4 pUR2
o FADI + COP1 + ABIS DETZ + CYT1 COIl + BIOD o
N | i v b b ! & SPR
i =
E; CPC + FSI ‘AUXI + ![ME gl

= There was probably an inversion

of almost entire

Chromosome 2 rga RNS1 mid421 PhyB er

copl LTP  Ubigue mi7%a

P . & 1 :

i

~

Nad7 ORE9
B.
Nad7 " « ORE9
LB T-DNA RB

CHCEITEC



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

A

Col Col Ler Ler
Preparation of mapping population Col L
ol Ler
[ |

m-=T + +_I -

M~ Mo M I'M
Col Col Col Ler Ler Ler
| [ B |

M LM M I—M M.II_M

Col Ler Col Ler Ler Ler
N
m L I_ + m + m 3 *
M= M M— Bum -I M
Col Col Col Ler LerLer
+ -I I_+ + _I + + +
M+ —M M— I:'VI M !

PCEITEC



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%x 100 = 10%
F2 mutants SO orker il - no linkage
- L1 e SR 6 mutants
= 7/12 %100 = 58%

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

KR s cemec
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AGH Map Maps for Chromosome 2
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Key Concepts

= Forward genetics allows targeted screening for interesting

phenotypes, whose association with a given gene/locus is
unknown

= Employs both insertional mutagenes as well as point
mutations
= |Inserional mutation
» (mostly) loss-of-function mutation
» |dentification via
= iPCR
= plasmid rescue
= Point mutation
» Both loss-of-function as well as
= gain-of-function mutations
= |dentification via
* map-based cloning
= GWAS



Discussion



