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Outline
(finishing Lesson 02)

» Forward and Reverse Genetics Approaches
= Differences between the approaches used
for identification of genes and their function

» |dentification of Genes Ab Initio
= Structure of genes and searching for them
=  Genomic colinearity and genomic homology

= Experimental Genes ldentification

] Constructing gene-enriched libraries using
methylation filtration technology

=  EST libraries

= Forward and reverse genetics




Forward and Reverse
Genetics

» Principles of experimental identification of
genes using forward and revers genetics

= Alteration of phenotype after mutagenesis
=  Forward genetics

= |dentification of sequence-specific mutant
and analysis of its phenotype
" Reverse genetics

=  Analysis of expression of a particular gene
and its spatiotemporal specifity

o CEITEC




Forward Genetics

» Principles of experimental identification of

genes using forward and reverse genetics

= Alteration of phenotype after mutagenesis
=  Forward genetics
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|[dentification of CK/1 via Activation
Mutagenesis

o CKI1 overexpression mimics cytokinin response

ctrl1 Plasmid Rescue 42 Pro35S::CK1

NO
hormones

Kakimoto, Science, 1996
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Signal Transduction via MSP

AHK sensor histidine kinases
« AHK2

+ AHK3

+ CRE1/AHK4/WOL

2

HPt Proteins —@@D—

« AHP1-6
Response Regulators
4

m ARR1-2:
NUCLEUS g REGULATION OF TRANSCRIPTION

INTERACTION WITH EFFECTOR PROTEINS
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Reverse Genetics

» Principles of experimental identification of
genes using forward and revers genetics

= Alteration of phenotype after mutagenesis
=  Forward genetics

= Identification of insertional mutant and
analysis of its phenotype
" Reverse genetics




|dentification of insertional
cki1 mutant allele
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CKI1 and
Megagametogenesis

o CKI1 is necessary for proper megagametogenesis in Arabidopsis

CKI1/ckit-i CKI1/CKI1

Hejatko et al., Mol Genet Genomics (2003)
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cki1-i reveals non-Mendelian inheritance

P CKI1/cki1-i

F1 Anticipated: 1 CKI1 : 2 CKI1/ckit1-i : 1 cki1-i
Observed: 1 CKI1:1 CKl1/cki1-i

&
0S| CKIt

CKl1 | CKI1/CKI1




CKI1 and
Megagametogenesis

o ckit1-iis not transmitted through the female gametophyte

A. & wtx & CKI1/cki1-i

I ‘ CKI1 specific primers (PCR positive control)

B. & CKl1/cki1-i x & wt

C. & wtx £ CKl1/ckit-i

I ’ cki1-i specific primers ‘

D. & CKI1/cki1-i x & wt
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CKI1 and

Megagametogenesis
FGa /

produce male
gametes
Ovary.
eggs

(carpels) | Ova

Sepals

Nucellus

Embryo sac

Integuments

ISP CEITEC
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CKI1 and
Megagametogenesis

FG@sate FG5
CKiI1 ckil-i 28 HAE

ISP CEITEC
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Forward and Reverse
Genetics

» Principles of experimental identification of
genes using forward and reverse genetics

= Alteration of phenotype after mutagenesis
=  Forward genetics

= Identification of insertional mutant and
analysis of its phenotype
" Reverse genetics

=  Analysis of expression of a particular gene
and its spatiotemporal specifity
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CKI1 is Expressed During

Megagametogenesis
ir o8 e
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Paternal CKI1 is Expressed in the
Arabidopsis Sporophyte Early after

Fertilization
2 wtx & ProCKI1:GUS

23 HAP
(hours
after
pollination)

Hejatko et al., Mol Genet Genomics (2003)
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»Classical“ genetics versus ,reverse genetics

2. GENE MAPPING

3. GENE IDENTIFICATION
- position cloning

approaches in functional genomics

RANDOM MUTAGENESIS

T-DNA

" sretro)transposons

1. ISOLATION OF SEQUENCE-
-SPECIFIC MUTANT

2. IDENTIFICATION OF
PHENOTYPE

3. PROOF OF CAUSAL RELATIONSHIP

BETWEEN INSERTION AND
PHENOTYPE

ISP CEITEC
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Outline

Methods for Identification of Sequence-Specific Mutants

Analysis of Phenotype and Confirmation of Causality Between

Preparation of mutants collection

Searching for sequence-specific mutants using
PCR

Searching for sequence-specific mutants in
electronic databases

Knocking-out the gene wusing homologous
recombinantion

Phenotype and Insertional Mutation

Co-segregation analysis
Identification of independent insertional allele

Using unstable insertional mutagens and
isolation of revertant lines

Mutant complementation by the transgene

20



Outline

Methods of identification of sequence-specific mutants

= Preparation of mutants collection

21



Types of Insertional Mutagens

» Mobile elements

Autonomous transposons (En-1)
They contain a gene for transponase, enabling
excision and reintegration into the genome

At both ends they contain short inverted repeat,
which are recognized by transponase

» Stable elements

Non-autonomous transposons (dSpm)

mutant of En/Spm transposon, which has lost
autonomy because of mutation in a gene for
transponase
It can be activated by crossing with a line carrying
the En/Spm transposon

T-DNA
completely stable, however, its insertion can lead
to chromosome rearrangements (inversions,
deletions, transpositions)
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Libraries of Insertional
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Libraries of Insertional
Mutants (animals)

»

EF1ALMi [on [ EF1P | Tra [pA w0 2500

-+ l 28 E 2000
MiLRneo neo |S-P éw i ‘:‘
;. ! 1000 &
ﬁ E 10 '-_ I

Transfection into human cell cultures (HelLa) or z 1 -'___ 500

mouse embryonic stem (ES) cells :
i} oL ‘ n

Genes with multiple integrations

Generating a population of mutant cell lines and

frequence-analysis of insertions Cloned w
DNA with AN
antlbxo;:k /‘\ /—?m
resistance .
ES cells
. | o A
in vitro analysis or preparation of library of Some germ cells wil
insertional mutants by reintroingression ES into @ sred emerc mice o procics homozygous transgenic ofspring be from a black ES cell
mouse embryos Chimera [
’-w~ X m— ! X w—)
White
e~

Homozygous strain
Parents  Heterozygous F;  from ES cell, F,
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Technologii inzeréni mutageneze Ize vyuzit i u zivoCichu. Zda se vyuzivaji
napf. transpozony odvozené z Drosophily (transpozon Minos, viz schéma
vlevo nahore (Klinakis et al., 2000). V tomto pfipadé bylo nutne provést
kotransfekci s tzv. helper plasmiem, kédujicim transponazu (neautonomni
transpozon). Neo kéduje rezistenci k neomycinu, Sipky ukazuji smér
transkripce Fizeny pfislusSnymi promotory, pA je polyadenylaéni signal, ori
je pocatek replikace viru SV40, S-P je promotor téhoz viru. Pro identifikaci
inzerci ,in frame* se zasazenymi geny Ize vyuzit transpozony, obsahuijici
fuzi akceptorovych mist sestfihu s ORF reportérového genu, napf. lacZ-
neo (bez AUG kodonu). Tento pfistup umozriuje identifikovat inzerce do
aktivnich genu prostfednictvim selekce inzerénich mutantd na rezistenci k
neomycinu, resp. vykazujici B-galaktozidazovou aktivitu (Klinakis et al.,
2000).
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Outline

= Searching for sequence-specific mutants using
PCR
= PCR-based three-dimensional screening

25



|solation of sequence-specific
mutants

» autonomous En/Spm, without selection

» 3000 independent lines

* 5 copies per line on average

* PCR-based three-dimensional screening

26



Isolation of sequence-specific
mutants

= PCR-based three-dimensional screening

o Isolation of genomic DNA from the individual plants of mutant population and
creating sets of DNA (,triads", rows and columns of triads and individual trays)

3.000 mutant lines of A. thaliana (5 copies of En-1/line)

fooooo¥oacockeanod
cosoofsansoficacco EBAARN 31388 1RBRR R
28x3-tray pools [ Geied] ety [olelelel ffsieny Ressse
acacofeaconicaccolllasa8o] oacos foocoo i
ooacofoacoo] canoo llI3RAR3] S3E38 KSSRSS AN
33530455 olll5355oR50553,
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|
)

28 x 7 row pools
28 x 3 1-tray pools 28 x 5 column pools
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Isolation of sequence-specific
mutants

» PCR-based three-dimensional screening
o Isolation of genomic DNA from the individual plants of mutant

population and creating sets of DNA (,triads”, rows and columns of
triads and individual trays)

o Identification of positive ,triad* with PCR, blotting of PCR products
and hybridization of the PCR products with gene-specific probe
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Isolation of sequence-specific
mutants

1. 3-tray pools screen 3.000 mutant lines of A. thaliana (5 copies of En-1/line)

fooa0oYfo0000k00000
i i L
v 0
28x3 tray pools 0009939593399 0600 oo
300 | oocoollo00eg)
50000 0000 00000800000 80000
R\ v
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pool 28

+ En-8130
—
En1

J—

1262

CKI1 CKI1

J—

J—
En-8130 1262

(2x2x28=112 PCR reactions)

Identification of the PCR product by
hybridization with a gene-specific probe
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Isolation of sequence-specific
mutants

PCR-based three-dimensional screening

Isolation of genomic DNA from the individual plants of mutant
population and creating sets of DNA (,triads®, rows and columns of
triads and individual trays)

Identification of positive ,triad“ with PCR, blotting of PCR products and
hybridization of the PCR products with gene-specific probe

Identification of the positive line through identification of positive tray,
row and column
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Isolation of sequence-specific
mutants

> AT [EEEE SR 3.000 mutant lines of A. thaliana (5 copies of En-1/line)

2. Identification of line carrying

the insertion
28x3-tray pools

{
pool 28

7 row pools

+ En-8130 5 column pools
En-1 CKI1

J—

1262

(another 5+7+3=15 PCR reactions)

J—

En-8130 1262 In total: 112+15=127 PCR reactions

(2x2x28=112 PCR reactions)

Identification of the PCR product by
hybridization with a gene-specific probe
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Outline

= Hybridization with iPCR products on filters

32



|solation of sequence-specific
mutants

= The Sainsbury Laboratory (SLAT-lines),
John Innes Centre, Norwich Research Park

= DNA and seeds in Nottingham Seed Stock Centre
= 48.000 lines

= 1.2 insertion per line on average

= non-autonomous transposon

= PCR searching or hybridization with iPCR filters

= SINS (sequenced insertion sites) database

http://nasc.nott.ac.uk
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|solation of sequence-specific
mutants

Hybridization with products of iPCR on filters

Isolation of genomic DNA from the
individoul plants of mutant
population

Restriction endonuclease cleavage
Ligation, formation of circular DNA

Inverse PCR (iPCR) using the T-
DNA specific primers

Preparation of nylon filters with PCR
products in the exact position using
a robot

Hybridization with a gene-specific
probe

34



Outline

= Searching for sequence-specific mutants
electronic databases

in
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|solation of sequence-specific
mutants

Preparation of librares from population of A. thaliana

mutated bgT—DNA
equencing of flanking sequence fragments

Genomic DNA

a) digestion with endonuclease Bfal
b) linker ligation

T-DNA —

linear "ampilification” with primer annealing to T-DNA

{mostly LB}
4

=

PCR amplification with a nested T-DNA primer
(and alinker primer)

o
—

sequencing with another nested T-DMNA primer

I

s

GABI-Kat (MPIZ, K6ln)
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Searching in electronic libraries of insertional
mutants

slnsert_SALK:029311: Ordsr line 029311 | View in AGR
Length - 450

Score - 4B4 bits (244), Expect - =-115
Identitiss - 200/253 (90%)
Strand = Plus / Minus

Query: 1450 atta tetatata tacttat 1508
HIIIHIHIIIHIH T LCEEEEEETEEETERE LT
Sbjet: 458 atta tbtatata tacttat c 400
Query: 1510 1560
HIIIIHHIIIIHHIIIHIIIIIIHHIIIIHHIIIIHIIHIHIIIHI
Sbjet

gtoctoaatg 340

Query: 1570 tgeeq aggacat tatttcacatggtacactsatag 1620

Sbjet: 338 tgttgottgtagyacatttgtgagtatgtcasaaacttattbcacatggtacacteatag 280

Query: 1630 tgttggatogaas 1680
HIIIIHHIIIIHHIIIHIIIIIIHHIIIIHHIIIIHIIIHHIIIIH
ege

Ebjer: 275 tggatogaat 220

Query: 1650 argattccaaac

Ebjer: 215 atgattocsaac 208

Score - 111 bits (E6), Hxpect = Be-13
Identitica - 77/B4 (91%)
Strand - Plus / Flus

Query: 1913 tacare tatcastatate tegtoattroac 1882
R N e A
tacate toaatatate tetoac 72

Ebjer

Query: 1983 trootraactaatcacatasatga
HIIIIHHIIIHIHIIIHI

Ebjet: 72  ttocttaactaatcacatasatga 96

Ebjct: 291 ccagottotagaaget t 233
Aur nsen paze ¥IEW GSTEICA INIDIMANCN. 0 INSEL SEqUENCes N AL

CEITEC
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Searching in electronic libraries of insertional mutants

start transkripce

;1 923

cactcgatttcacatt AATTATTCACT

RRARNARRARNRRARRAA

gtgactaaagtgtaattaataagtga.........
13

1 Gl FG2 449,
Illb (+56)

E— Exon

I Transmembranova oblast
Duplikace

B En-1element

ISP CEITEC
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Outline

= Knocking-out
recombinantion

the

gene

using homologous

39



Knocking-Out the Gene

PCEITEC
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Outline

Analysis of Phenotype and Confirmation of Causality Between
Phenotype and Insertional Mutation

= Co-segregation analysis
= Identification of independent insertional allele

= Using unstable insertional mutagens and
isolation of revertant lines

= Mutant complementation by the transgene

41



Why is it necessary to analyze the causality
between the insertion and the observed
phenotype?
Presence of multiple insertions in one line

Posibility of independent point mutation occurrence

Insertions of T-DNA are often associated with chromosomal
aberrations (duplications, inversions, deletions)

42



Causality between insertion
and phenotype

Co-segregation analysis

Co-segregation of specific fragment, e.g. after insertion of T-DNA (or
exposure to EMS etc.) into the genome of the observed phenotype

+

++ +  +++  ++ 4+

<« Cki1::En-1

“ - ke 0 - - o~

43



Use of autonomous transposons for the isolation
of new stable mutations and of revertant lines

Transposons are often characterized by excision and reinsertion
into a nearby region — use for the isolation of new mutant alleles

However, excision of transposons is not always entirely accurate
— point mutations occurr — isolation of revertant lines with silent
mutation, or even isolation of the stable mutants

44



cki1::En-1/CKI1 Phenotype

cki1::En-1/CKI1 CKI1/CKI1

ISP CEITEC
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Confirmation of phenotype cki1::En-1/CKI1

1. Isolation of revertant lines

* PCR-searching in 246 plants of segregating population

« from 90 cki1::En-1 positive plants, 9 plants had both mutant and
standard silicles 1

Offspring analysis
» confirmation of absention of insertion using PCR

» PCR amplification and cloning the part of the
genomic DNA at the insertion site

* sequencing

46



Use of autonomous transposons for the
isolation of new stable mutations and
revertant lines

/// \\\\‘\\\
,// " e
aattcaagtcgiCACTACAAGA , En-1 TCTTGTAGTGCYlggagact
\ ! —
\ T

A. aat tca agl cgt'gga gac taclact tgg tac act caa acc gtg gat cag tta act ggt
N S SIR. G D Y[JTWY T Q TV DQ L TG

B. aattca agf ggt acgjact tgg tac act caa acc gtg gat cag tta act ggt
NS SJGT]JJtTw Y TQ TV DQILTG
C. aat tca agt cgt acg gag act aca ctt ggt aca ctc aaa ccg tgg atc agt taa
NSSRTETTLGTL KPWI S

D. aat fca agt cge gtg gag act aca ctt ggt aca ctc aaa ccg tgg atc agt taa
NSSRV ETTLGTLKPWI S
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Confirmation of phenotype cki1::En-1/CKI1

2. Isolation of a stable mutant line

+ analysis of the phenotype of the segregating population
(CKI1/CKI1 CKl1/cki1::En-1)

* PCR analysis of plants with the mutant phenotype — identification of plants
without insertion

* PCR amplification and cloning the part of the genomic DNA at the
insertion site

* sequencing

48



Use of autonomous transposons for the
isolation of new stable mutations and
revertant lines

_— -~ T
_— T
/// n \\\\\\
aatfcaagtcgtCACTACAAGA » En-1 TCTTGTAGTGCYlggagact
TAGTOREE

\ —
\ .

\ R
A. aat tca agl cgt'gga gac taclact tgg tac act caa acc gtg gat cag tta act ggt
N S SIR. G D Y[JTWY T Q TV DQ L TG
B. aattca agt ggt acg act tgg tac act caa acc gtg gat cag tta act ggt
NS S[GT] TWVYTQTVDQTLTG®G

C. aattca agf cgt acg §ag act aca ctt ggt aca ctc aaa ccg tgg atc agt taa
N s S|{RTIJE T TLGT L KPWI S

D. aat fca agf cgc gtg pag act aca ctt ggt aca ctc aaa ccg tgg atc agt taa
NS S RVIETTLGT L KPWI S
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Mutant Line
Complementation

-3

CCCCCC
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Mutant Line
Complementation

WT(Col- cop1-4 p35S:: p356S:: p356S::

0) AtCOP1 OsCOP1 PpCOP1
1-5 16-10 9-8
cop1-4

Ranjan et al., 2014

ISP CEITEC
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Key Concepts

= How reverse genetics explores the gene and
its role?

=  Targeted gene silencing
= Searching in the insertion mutant libraries
= Homologous recombination

= Phenotype analysis

= Confirmiong the causality between the observed phenotype
and the insertion mutation

= Co-segregation analysis
= Identification of independent allele

= Use of unstable insertion mutagenes and
identification of revertant lines

= Mutant line complementation by transgene

ISP CEITEC
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Discussion
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