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Approaches to the study of plant development

» Reverse Genetics: An approach to study function(s) of gene(s)
(Genotype to Phenotype)

- Identifying & isolation of gene for functional study (gene of interest)
- Analyzing expression pattern of the gene (differential, spatial & temporal)
- Functional characterization of the gene (gain or loss-of-function)

- Gene interaction study (genetic, physical or requlatory interaction)
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Functional characterization of the gene

- Loss-of-function (necessity of a gene)
- Knock-out
- Knock-down

- Gain-of-function (sufficiency of a gene)
- Ectopic expression

- Activation tagging
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Loss-of-function (Knock-out)

- T-DNA insertion inactivation: Screening T-DNA insertion lines

- Transposon insertion inactivation : Screening lines

- Genome editing: Targeting a gene for genome editing
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Loss-of-function (Knock-out)

- T-DNA insertion inactivation: Screening T-DNA insertion lines

- Transposon insertion inactivation : Screening lines

Table 1. Gene disruption resources in Arabidopsis

Laboratory Insertion element Number Source

Sequenced insertions

Salk Institute T-DNA 70 000 http://signal.salk.edu/cgi-bin/tdnaex press

TMRI T-DNA 100 000 http:/fwww tmri.org/pages/collaborations/garlic_files/
CSHL Ds GT and ET 27 000 http://genetrap.cshl.org/

GABI-KAT T-DA 23 000 http:/fwww.mpiz-koeln.mpg.de/GABI-Kat/

FLAG T-DNA 50 000 http://flagdb- genoplante-info.infobiogen.fr/

John Innes Centre DSpm and Ds GT 30000 http:/fatidb.cshlorg/

~04 947
~ 100 000
~26 800
~20 764
~11 500
~13 000

Source: Pan et al. (2003)
Nucleic Acids Research, 31, 1245-51.
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T-DNA Express: Arabidopsis Gene Mapping Tool [ Mow 17, 2017 )

Powered by pebd 4003

Arabldopsis thaliana [fAraport 11] EEEEEER B33 NN
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http://signal.salk.edu/cgi-bin/tdnaexpress

T-DNA Primer Design

[ Powered by GEBD )

Please use the backup page served by AtTA, if the tdnaexpress
server is down.

The new T-DNA Primer Design Tool is now powered by Genome
Express Browser Server (GEBD). The new tool can return the

primers faster, and also give the insertion location information,

the estimated T-DNA confirmation product size, as well as
primer3-like format output. (July 28, 2005)

Important Change: Now the RP is always on the side of the
flanking sequence, that is, RP is always on the 3" end of the
insertion. Therefore, the PCR reaction should always he set up
as LBE+RP for HM and LP+RP for WT. (Feb. 04, 2005)

1. Protocol for SALK T-DNA primer
design

L HZ HM
e e

500 I
Genome ’ 410+N e

I *MN=0~2300
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Loss-of-function (Knock-out)

Genome editing: Targeting a gene for genome editing

A Zinc Finger Nucleases (ZFNs) B TAL Effector Nucleases (TALENSs) CRISPR/Cas9

Cas9
9 nt 14-16 nt
O——

'AM motif
NGG

14-16 nt

l Double stranded breaks (+p:|81 r,‘,:om)

AVAVRVAVA

Image source: Arora & Narula (2017)
Front. Plant Sci. 8:1932.
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Loss-of-function (Knock-out)

CRISPR/Cas9 based genome-editing

IIT ROORKEE

Genomic
Target Site

PAM

Cas9-HNH
\cm:lmmmm}&m)m

7 | T
T )

57 < 7

Your gRNA target sequence ( tracrRNA
31

Image source:
https://www.sigmaaldrich.com/
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1. Select Genomic Target
a. 20 bp sequence followed by the PAM (NGG)
b. Use online tools to minimize offtargeting

2.Design sgRNA

a.sgRNA is expressed using a small RNA
promotor, such as Uép or U3p

b. First neucleotide in the guide sequence is a
*G", when U6p is used

c.Guide sequence should match the target
except for the first nucleotide (5’ G or A)
which can be different

3. Assemble Cas9/sgRNA Construct

Gene

RS s — e e . Genomic
m)----

|
1

INNNNNNKNNHNNNNNGGNNNN. ..
Target Sequence 20bp) PAM

l

U6  Guide sgRNA

Guide Sequence

GIN,)

|

Assembly of
sgRNA and Cas9

Cad sgRNA

BTl Codon optimized Cas3 verson I
i !

ngN; \ J Cas9
/Lé sgRNA-Cas9 complex

|

Target site ||, 1{

CRISPR/Cas9 based genome-editing

A Non-homologous end joining

Targel sile

Double stranded braak
(D8]

Heterczygous mutations

‘i
ts

Biallelic mutations

g
hid

Homozygous mutatons

Gene knockout

Image source: Arora & Narula (2017)

Image source: https://www.sigmaaldrich.com/ Front. Plant Sci. 8:1932.
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Functional characterization of the gene

- Loss-of-function (Knock-down/down-regulation)

- Anti-sense RNA Technology

- Double-stranded RNA interference (dsRNAI)

- Artificial miRNAs
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Anti-sense RNA Technology
pCAMBIA 1380 T-DNA
CalM V35S Polyd hygromycin (R) CaM V353 promoter Nos Polyi

MCS
T-Boxder (L) }.—_—_—rr-.-lT-Border (R)

l )
FeoR 1 Bl Sail Hrd I ]
pOsSRTI::CsSRTI-antisense

0.56kb
XalSall mEad I
pOsPDKI: :OsPDK]-antisense
0.41kb
Xl Sall  EmIl

pOsPDK2:: OsPDK2-antisense
0.45kb

FeoR 1 8amH 1 SwalSaeil Hod I

pUbi : OsPDKI-antisense

0.41kb

Image source: Li et al (2011) BeoR 1 5anH 1 dalgnt am
PLoS ONE, 6, e17444. - pUbi:
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Anti-sense RNA Technology

Image source: Li et al (2011)
PLoS ONE, 6, e17444.
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Double-stranded RNA Interference Technology

TTTTTTT111] or TITITIIT111 ’ pCAMBIA 1380 T-DNA

dsRNA hpRNA CaMV35S PolyA hygromyein (R) CaMV35S promoter Nos Polyi
MCS
l. T-Border (L) _—_—_—n—.IT-Bomr (®)
ooy, SOOI [ ]
S AU,
siRNA duplexes Hdll BoRY BRI el

A L—l-—-I«J pOsMT2b:: QM T2b-RNAL

l Cﬁ 1.9%b 0.42bp 0.12bp0.42bp

" o ) BeoR 1 EmI BawH 1 Sl EWI

” @ \ B. |——u---—-l-—‘ pOSSRTI::OsSRTI-RNAL

RARP-mediated RISC formation < ﬂ) 1.9%b 0.56%b 092kb  0.56kb
amplification of SIRNA — Recycling of
@ siRNA/RISC complex
y— TITIITS)) 6 Target mRNA

siRNA/mRNA complex

Degraded target

mRNA (silencing)
Image source: Majumdar et al (2017) Image source: Li et al (2011)
Front. Plant Sci. 8:200. PLoS ONE, 6, e17444.
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Double-stranded RNA Interference Technolog
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| dsRNAIOsM1
) Wild-type

2.3kb -

Image source: Prasad et al.

OsMADS1 . k
Image source: Li et al (2011) — ™ 3 (2005) Plant J., 43, 915-28

PLoS ONE, 6, e17444. Actin “
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MIR gene [—————

RNA Polll

v
Pri-miRNA %
nlm &

DRB1 HYL1

Pre-miRNA __\-/\—l—/)

y

miRNA duplex SN

Nuclear pore :? j_g
A

Nucleus
Cytoplasm

AAA .#AAA

Translation inhibition o AAA
mRNA cleavage

Image source: Liu et al (2017)
Front. Microbiol. 8:1801.
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Artificial miRNA Technology

I:

I
Ini:
V2

forward oligo

microRMNA forward
microRMNA reverse
microRNA* forward
microRNA* reverse

reverse oligo

template

A

v

pRS300

pRS300

B

pRS300

A

B

(@)+{D)+c)

a)

PCR scheme to produce artificial miRNA constructs from pNW55

—
primer G-43568

—
primer G-43568

c)

Image source: Schwab et al.

(2006) Plant Cell 18: 1121-33.

~Af—
primer 1l primer Nl primer G-4369

=
- -

primer | primer [V

A —
primer G-4369

Image source: Warthmann et al.
(2008) PLoS ONE 3: e1829.




Artificial miRNA Technology
»

. A ) \
Ify-12 dmiR-Ify-1 amiR-Spl11

& 3
<

“TWFS ft-10  amiR-ft-2

Image source: Schwab et al. Image source: Warthmann et al.
(2006) Plant Cell 18: 1121-33. (2008) PLoS ONE 3: e1829.
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Gain-of-function (Ectopic expressmn)

-ﬂHpsss )-[ OSIAGLU >-{Tnos Hpass ){ HPT >-[T35$ HF ¢
LB 28-128-228-3 V

— — — Actin
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o i‘;z = Image source: Prasad et al. (2001)
Dev. Genes Evol., 211:281-90.
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d

H

RB /2 GUS TNOS 1717 HPT I 4x 3585 LB
Image source: Tani et al. (2004)
Funct Integr Genomics. 4:258-66.
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Gain-of-function: Activation tagging

= length 50 1
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10 |
0

WT OsBDG1D WT

Image source: Jang & Li (2017)
Front. Plant Sci. 8:1253.
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Regulated gene expression of constructs in plants

- Spatial regulated construct: Use of tissue-specific Promoter

- Temporal regulated construct: Stage-specific promoter or chemical
inducible system

- Spatial and Temporal regulated: Combination of both
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Regulated gene expression of constructs in plants

LB

Glucocorticoid receptor-based system

(c) Dex (51M) +
Mock Dex (5um) Cyc (101M)
Oh 4h 6h12h24h Oh 4h 6h12h24h Oh 4h 6h12h24h

OSMGHI B BT 8% S+ 58080 €480 4
ACTflii'lln b Sene s

B AR

Mock Dex + Cyc

> Uk o X . . o 30 KDa
Image source: Prasad et al. - MR P - Loading

control

(2005) Plant J., 43, 915-28. Image source: Khanday, Yadav (2013) Plant Physiology , 161:1970-83.
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Regulated gene expression of constructs in plants

Estrogen receptor-based system

A Sna EI-II
Xho I\II
Ken l\'.b'

Age k|
Asc l~.‘\\
PIREMLXVE (35 [ O<RD

Peioswo LexA VP16 hER T Opexs6  MCS (GFP) XVE 69T nosT ) oxa

KOs
Sse83871

Image source: Zuo et al. (2000)
Plant J. 24:265-73.

XVE: chimeric transcription factor
X- DNA-binding domain of LexA
V- trans-activation domain of VP16

E- partial human estrogen receptor
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xho |_|:‘>_ xho!

PROMOTER

Introduction of a promoter
by traditional cloning

| Xho |

PROMOTER XVE P

-

L
Recombination by MultiSite @[:l@
LR clonase reaction

_’f
GOl 45.4—
Eé"? C
nosT

PROMOTER XVE pLexA GOl nosT

1st box 2nd box  3rd box

Image source: Siligato et al. (2016) Plant Physiology, 170:627-41.



Regulated gene expression of constructs in plants
Estrogen receptor-based system

pG10-90:XVE>>GUS pG10-90:XVE>>PLT5-YFP

24h 48h 72h 72h mock estradiol
B-17 B-17 B-17 DMSO |

Image source: Siligato et al. (2016) Plant Physiology , 170:627-41.
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Approaches to the study of plant development

» Reverse Genetics: An approach to study function(s) of gene(s)
(Genotype to Phenotype)

- Identifying & isolation of gene for functional study (gene of interest)
- Analyzing expression pattern of the gene (differential, spatial & temporal)
- Functional characterization of the gene (gain or loss-of-function)

- Gene interaction study (genetic, physical or requlatory interaction)
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