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Outline
(finishing Lesson 02)

= Forward and Reverse Genetics Approaches

3 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

3 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

m |ldentification of sequence-specific mutant
and analysis of its phenotype
k Reverse genetics

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



Forward Genetics

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

=  Alteration of phenotype after mutagenesis
| Forward genetics



|dentification of CK/1 via Activation
Mutagenesis

o CKI1 overexpression mimics cytokinin response

ctri1 Plasmid Rescue ctri2 Pro35S::CK1

NO
hormones

Kakimoto, Science, 1996

(& o cerec



Signal Transduction via MSP

PM

AHK sensor histidine kinases
« AHK2
« AHK3
« CRE1/AHK4/WOL

HPt Proteins —.—

* AHP1-6
Response Regulators

m ARR1-24
NUCLEUS @ REGULATION OF TRANSCRIPTION

INTERACTION WITH EFFECTOR PROTEINS

n DPCEITEC



Reverse Genetics

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

=  Alteration of phenotype after mutagenesis
| Forward genetics

- |dentification of insertional mutant and
analysis of its phenotype
- Reverse genetics



|dentification of insertional
cki1 mutant allele

aattcaagicgtCACTACAAGA . ! En-1 TCTTGTAGTGCgtggagac

A. aattca agj cgt'gga gac tacfact tgg tac act caa acc gtg gat cag tta act ggt
N s sSIR G DY|Twy T Q@ TV DQ L TG




CKI1 and
Megagametogenesis

o CKI1 is necessary for proper megagametogenesis in Arabidopsis

CKI1/cki1-i CKI1/CKI1

Hejatko et al., Mol Genet Genomics (2003)

CHCEITEC



cki1-i reveals non-Mendelian inheritance

P CKI1/cki1-i

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

4
9 CKI1

CKl|1 | CKI1/CKI1




CKI1 and
Megagametogenesis

cki1-i is not transmitted through the female gametophyte

|

|

|

A. @ wtx @ CKI1/cki1-i

CKI1 specific primers (PCR positive control)

B. & CKI1/cki1-i x & wt

C. & wt x & CKIl1/ckit-i

cki1-i specific primers

D. & CKI1/cki1-i x & wt




CKI1 and

Megagametogenesis

FG @

56§ 68

FG1 FG2

Nucellus
Embryo sac

4L~ Integuments

FG3 FG4
CHCEITEC



CKI1 and
Megagametogenesis

Fadsgte FG5
CKI1 | ckit-i 28 HAE

CHCEITEC



Forward and Reverse
Genetics

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

=  Alteration of phenotype after mutagenesis
| Forward genetics

- |dentification of insertional mutant and
analysis of its phenotype
- Reverse genetics

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



CKI1 is Expressed During

Megagametogenesis
Tra oA
Fm\ml/m F .

@ \FGB-FE4




Paternal CKI/1 is Expressed in the
Arabidopsis Sporophyte Early after

Fertilization
2 wtx & ProCKI1:GUS

22 HAP
(hours
after
pollination)

Hejatko et al., Mol Genet Genomics (2003)
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Bioinformatics and Functional Genomics, 2009, Jonathan Pevsner, Willey-
Blackwell, Hobocken, New Jersey
http://www.bioinfbook.org/index.php
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- Klinakis et al.. (2000) Genome-wide insertional mutagenesis in human cells by
the Drosophila mobile element Minos. EMBO Rep, 1, 416.

- Hansen et al.. (2003) A large-scale, gene-driven mutagenesis approach for the
functional analysis of the mouse genome. PNAS, 100, 9918.



,Classical” genetics versus ,reverse genetics“
approaches in functional genomics

RANDOM MUTAGENESIS

T-DNA

1. IDENTIFICATION OF PHENOTYPE Te 1. ISOLATION OF SEQUENCE-
i -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

n DPCEITEC



Outline

= Methods for Identification of Sequence-Specific Mutants

. 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

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

. Co-segregation analysis
. |[dentification of independent insertional allele

. Using unstable insertional mutagens and
isolation of revertant lines

. Mutant complementation by the transgene



Outline

» Methods of identification of sequence-specific mutants

n Preparation of mutants collection



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)



Libraries of Insertional
Mutants (plants

Preparation of transgenic plants

Creating the population of mutants

B
L]

T2

S, Parants

a

Plan 24-2A Primary T-DNA lronslormant with one copy
ol pKEn2

Selectien of T, sesd on hygromycin

Hemizygous and homozygous translomants

‘Salection of T sead on kanamycin

'

Kanamycin resistanl germinal revertants, plants 293 325,328,330
Screen for a ranspased En-1 by PCR

To x Columbia wild tyga

Identificalion of F, plants with
a Iransposed En-7 and no T-

L

G11 G24 GIT G48 GBS

Single sead doscents of 500 progeny derved lrom the five parents

§, Generation

s, Generation

1234567889 500
..... c s e — — — =

EEEEE S IR

R .. —

1111

Searching for sequence-specific mutants

a

by PCR

B
T

T

T,

F

8, Parants

Plarm 24-24 Primary T-DOMNA trensiormant with one co
ol pRERG ¥ oy £
o F7Cs
Sedaction of T, sead on ygromycin * £E%‘§E§1
* M Fiecis
b gl
Hemizygous and homozygous lranslormants P
FEad
Satection of Ty seed on kanamycin e

'

Kanamycin resistant gesminal reveriants, plants 283,325,328,330 d=FiE0

: i
FHEw

Seraen for a tansposed En-1 by PCR

Ty = Columbia wild typo tgéﬁgm
idantificalion of F; plants wilh »>l€Erz
a rensposed En-1 and no T- IEFEEH%”

Ny V

G111 G24 GA7 G40 GeS

Single seed doscans of 500 progeny darsved fram iho fivo parenis

8, Generalion

5, Generation

1
-
-
543 Generation l

HHHIZ T
!
i

» e —
———— b
.

[ I —

Mb

I'TTrrrrrrii
h

L
—_
=y




Libraries of Insertional
Mutants (animals

.
eFiLMi lori] EF1-P | Tra | pA ) 2500
- -'_ L zo00
| . =
koo (UNGA neo [SEWE o ;
E | L 1500 &
- &
G .
l E - L 1000 &
E 10 -
2| = ]

Transfection into human cell cultures (HelLa) or el = L 500
mouse embryonic stem (ES) cells ; |

3 il bl ORI TI Gl

Genes with multiple integrations

Generating a population of mutant cell lines and

frequence-analysis of insertions Cloned /_‘
DNA with o
l antibiotic . f - 7
resistance C . S
ES cells \»

in vitro analysis or preparation of library of ot i ool il
|nsert|ona| mutants by re|ntr0|ngreSS|on ES |n‘to @ Breed chimeric mice to produce homozygous transgenic offspring. be from a black ES cell
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Outline

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



|solation of sequence-specific
mutants

» autonomous En/Spm, without selection

« 3000 independent lines

* 5 copies per line on average

* PCR-based three-dimensional screening



|solation of sequence-specific
mutants

= PCR-based three-dimensional screening

o0 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)

28x3-tray pools

[

28 x 7 row pools
28 x 5 column pools




|solation 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

T >~ : INVESTICE DO ROZVOJE VZDELAVANI
* * &> A
1'; : W j Tato prezentace je spolufinancovana
L ooy : Evropskym socialnim fondem
Zdelavani
4

EVROPSKA UNIE pro konkurenceschopnost a statnim rozpoétem Ceské republiky




|solation of sequence-specific
mutants

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

12346678 9101112130408 1Tim1a 2 234 ear 228092 ]

28x3-tray pools

CKi1

—

En-8130

(2x2x28=112 PCR reactions)

\

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




|solation 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

T >~ : INVESTICE DO ROZVOJE VZDELAVANI
* * &> A
1'; : W 2 Tato prezentace je spolufinancovana
L 3 : Evropskym socialnim fondem
P Vzdélavani
4

EVROPSKA UNIE pro konkurenceschopnost a statnim rozpoétem Ceské republiky




|solation of sequence-specific
mutants

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

2. Ildentification of line carrying

the insertion
28x3-tray pools

7 row pools
3 x 1-tray pools 5 column pools

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

CKi1

—

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

(2x2x28=112 PCR reactions)

\

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




Outline

= Hybridization with iPCR products on filters

CHCEITEC



|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




|solation of sequence-specific
mutants

Hybridization with products of iPCR on filters

Isolation of genomic DNA from the

individoul plants of  mutant \
population J
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 0000,

OOO®




Outline

. Searching for sequence-specific mutants in
electronic databases



|solation of sequence-specific
mutants

Preparation of librares from population of A. thaliana

mutated b%T-DNA
equencing of flanking sequence fragments

Genomic DNA

a) digestion with endonuclease Bfaj
b} linker ligation

T-DNA —‘

linear "amplification" with primer annealing to T-DNA

{mostly LB}
4

—

PCR amplification with a nested T-DNA primer
{and a linker primer)

f—
A—

sequencing with another nested T-DNA primer

]

df—

GABI-Kat (MPIZ, K&In)



Searching in electronic libraries of insertional

sIno=

mutants

rt EALK:029311: Ordsr line 0259311 | Wiew in AGR

Length = 440

Score = 4
Id=ntitie=s

B4 bits {244), Expect = =-135
= 2LOF2E2 (90%)

Etrand = Plus f Minus

Query: 14E0
Ebjcob: 458
Query: 1514
Ebjor: 395
Query: 1570
Ebjob: 338
Query: 16340
Ebjce: 278
Query: 1480
EbjcE: 219

Score = 1
Id=ntities

attagagtttgattgaagtgtgttttatatatbgatagtgggacattacttataaaaago

attagagtttgattgaagogogbtbtatatattgatagtggyacattacttataaaaago

acaaggatacaacaatagagacagbcacatgtatatcacataagbggatggtooctoaaty

acaaggatacaacaatagagacagboacatgtatatcacactaagtggatggboctoaaty

tgttgotbghaggacatttgtgagtabtgioaaaaacttatttoacatggbacactoatag

tgttgottgtaggacatttgtgagtatgtocaaaaacttatttoacatggtacactoatag

attagoococacttaggagtgtotagaaaaagattgggactaaagbottgbtggatogaat

attagooocacttaggagtgtoctagaaasagattgggactasagboctbgbtggatogaat

atgattocasac 1701

atgattocaaac ZAE

11 bits {56}, Expect = Be-23
= TT/04 {91%}

Etrand = Plus / Plu=a

1508

4400

15E8

40

1528

2an

15818

220

Query: 1913 tacatttbctogotacasttaacgotatoasatatatttatssaaccakbtbgbocatttoac 18982

Ebjct: 13

Query: 19B3

Ebjok: 73

Ebjot:

tacattttctogotacgattgacggtatcaatatatttataaaacogtocogacatttoac

ttootbaactaatcacataaatga 2006

tboctbaactaatcacataaatga 96

292 coageottotagaagottotiggbcaagtitoocaghacogggacogatotogagaaktcaca 2332

ASTIN INSCTT PV e W1CW ACanca mr ALO0 2N INSEUT SCUENCes I AL

72

DICEITEC



029311
a0

Searching in electronic libraries of insertional mutants

50 attagage tat. 1508

FCREEEEEEEEEETEEE T TEEEEE T ERE TR TEEE R T
Lo 450 artagage tat, 00

Query: 1510 1568
FCRTEEEEECEE TR TR e T T im

jee. 338 o

Query: 1570 g 1620
ACECECEEEECETE DT EE R T ETEE R

jer. 338 tgreg 280

Query: 1610 ars 1680
FCTEEEEEEECEEETECEE PR T EEE R TR ET T T

jer: 275 at 220

Query: 1680 atgattccasas 1701
LTI

jet: 218 atgattccasac 208

start transkripce

‘1 923 e T
cactcgatttcacattAATTATTCACT

FECEEEETEEEEEEE e
gtgactaaagtgtaattaataagtga.........

13

1 Gl1F G2

N Exon

Intron

23 1082
- FCREREEEEEEEEE T FE P TR T T I .

449

b (+56)

I Transmembranova oblast
Duplikace
I £i-1 element

DICEITEC



Outline

. Knocking-out the gene wusing homologous
recombinantion



Knocking-Out the Gene

Electroporation

= Gene of interest ==

Homologous

recombination
Selection with

resistance marker

@@

DICEITEC



Outline

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

. Co-segregation analysis
. |[dentification of independent insertional allele

. Using unstable insertional mutagens and
isolation of revertant lines

. Mutant complementation by the transgene



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)



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

+ ++ + +++ ++ +

«— Cki1::En-1

e - e .



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



cki1.:En-1/CKI1 Phenotype

cki1::En-1/CKI1 CKI1/CKI1

CHCEITEC



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



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

aattcaagicgtCACTACAAGA . ! En-1 TCTTGTAGTGCgtggagac

A. aattca agj cgt'gga gac tacfact tgg tac act caa acc gtg gat cag tta act ggt
N s sSIR G DY|Twy T Q@ TV DQ L TG

B. aattca agf ggt acgfact tgg tac act caa acc gtg gat cag tta act ggt
NS s|G T]JITw YT TaQ TV DAQULTG

C. aat tca agt cgt acg gag act aca ctt ggt aca ctc aaa ccg tgg atc agt taa
N $ S RTETTLGT L K P WIS

D. aat tfca agt cge gtg gag act aca ctt ggt aca ctc aaa ccg tgg atc agt taa
N S S RV ETTLGTL K P W S8




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



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

revertant lines

aattcaagicgtCACTACAAGA . ! En-1 TCTTGTAGTGCgtggagac

A. aattcaag
N S S

cgt'gga gac taclact tgg tac act caa acc gtg gat cag tta act ggt
R G D Y[JTWY T Q TV DQ L TG

B. aattca agt ggt acqg act tgg tac act caa acc gtg gat cag tta act ggt

N § S

C. aattca ag
N S S

D. aaffca ag‘
N 8§ S

G T] TW YTQ TV DQ LTG

cgt acg pag act aca ctt ggt aca ctc aaa ccqg tgg atc agt taa
R TJE T TLGT L K P W S

cgc gtg bag act aca ctt ggt aca ctc aaa ccg tgg atc agt taa
R VIE T T L GT L K P W I 8§




Mutant Line
Complementation

CCCCCC



Mutant Line
Complementation

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

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

Ranjan et al., 2014

DICEITEC



Key Concepts

= How reverse genetics explores the gene and
its role?

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

i Phenotype analysis

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

. Co-segregation analysis
. |dentification of independent allele

. Use of unstable insertion mutagenes and
identification of revertant lines

. Mutant line complementation by transgene



Discussion



