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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)

- Identification & 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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Identifying gene of interest for functional study

- Selecting developmental process: Meristem function, organogenesis, determinacy
or developmental transitions

- Types of Genes:

- Functional Genes: Genes directly involved in the developmental process
such as enzymes, cell division genes etc.

- Regulatory Genes: Genes regulating the activities of the developmental genes
- Transcriptional Regulation (e.g. transcription factors)
- Post-transcriptional Regulation (e.g. small RNAs)
- Translational Regulation (e.g. miRNAs)
- Post-translational Regulation (e.g. kinases)
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Identifying gene of interest for functional study

» Candidate gene: Identifying single gene with putative developmental function

» Global genes (Genomics): Identifying genome-wide genes for a developmental
process
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Identifying gene of interest for functional study

» Identifying single gene with putative developmental function: (Candidate gene)

- Homology-based analysis
- Gene family
- Sequence similarity
- Functional domains
- Phylogenetic analysis

- Expression pattern analysis-
- Organ-specific expression pattern (Differential expression pattern)
- Tissue-specific gene expression (Spatial expression pattern)
- Developmental stage-specific gene expression (Temporal expression
pattern)
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Identifying gene of interest for functional study

» Identifying single gene with putative developmental function: (Candidate gene)

MADS—box
GRGRVELKRIENKINRQVTFAKRRNGLLKKAYELSVLCDAEVALI IFSSRGKLYEF
OsMADSS : A : BEE

- Homology-based analysis:

- Gene family
- Sequence similarity

Isolation and Characterization of a Rice MADS Box Gene :: ,i CEEIB AT
Belonging to the AGL2 Gene Family T
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Hong-Gyu Kang and Gynheung An*
Department of Life Science and School of Environmental Engineering, Pohang University of
Science and Technology, Pohang 790-784, Korea

Image source: Kang & An (1997)
Mol. Cells; 7: 45-51.
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Identifying gene of interest for functional study
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LT WERGEVULRTEME T SROVTF A EREHGLLENLYEL S T LE DR EVAL VT FEHAGHLYOF AGLE

RITAE MARGEVOLAR TENP VAV PCRRRAGLLERAREL S T LOEAN TG 1T IFEARGRLYTL 2AG3
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Image SOUrCe: consensus  MORGKVELERIEN- * *AQVTFSKER*GLLEFA*ELSVLCDAEVALI®FS* "GELYEF

Shinozuka et al. (1999);
DNA Res. 6:123-9.
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Identifying gene of interest for functional study

» Identifying single gene with putative developmental function: (Candidate gene)

- Homology-based analysis
- Gene family
- Sequence similarity
- Functional domains
- Phylogenetic analysis

- Expression pattern analysis-
- Organ-specific expression pattern (Differential expression pattern)
- Tissue-specific gene expression (Spatial expression pattern)
- Developmental stage-specific gene expression (Temporal expression
pattern)
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Identifying gene of interest for functional study
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Image source:
Image source:

:Tenf :; aI: (|200123)6 182736 Southerton et al. (1998);
an ysiolo. . -9 Plant Physiolo. 118:365-72.
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Isolation of gene of interest for functional study

» Genome not sequenced:
- Screening cDNA library

- Screening genomic library

» Genome sequenced:

- PCR-based gene amplification
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Constructing cDNA/genomic library
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Screening cDNA library
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Isolation of gene of interest for functional study

» Genome sequenced:
- PCR-based gene amplification

- Genomic copy (with introns)

- cDNA copy (without introns)
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Identifying gene of interest for functional study

» Global genes (Genomics): Identifying genome-wide genes for a developmental
process

- Structural Genomics:
- Genome sequencing: sequencing whole genome
- Genome organization: organization of genome components
- Genome annotation: predicting putative function

- EST sequencing: determining partial sequences of cDNA
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Identifying gene of interest for functional study
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Gene discovery

In silico gene prediction ESTs Full-length cDNAs Tiling and expression arrays MPSS SAGE

Gene functional annotation

In silico prediction Gene expression Mutant analysis Protein—protein interactions

Image source: Alonso and Ecker (2006); Nat. Gent. 7:524-36.
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Identifying gene of interest for functional study

» Global genes (Genomics): Identifying genome-wide genes for a developmental
process

- Functional Genomics:
- Monitoring gene expression
- Functional characterization

- Molecular mechanism
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Identifying gene of interest for functional study

» Monitoring gene expression:
- Organ-specific expression pattern (Differential expression pattern)
- Tissue-specific gene expression (Spatial expression pattern)

- Developmental stage-specific gene expression (Temporal expression
pattern)

- Promoter trapping (expression pattern)
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Identifying gene of interest for functional study

» Monitoring gene expression: A ,\ A A A A
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- Organ-specific expression pattern oo d‘\‘ 0 6‘\( P &\‘ P 6‘\‘ P @\‘
(Differential expression pattern)

Roots Leaves Stems Inflor Siliques

- Northern Blot analysis miR393 -S> -|-w '

% Signal 100 94 100 15 100 0.9 100 87 100 34

RA 0.04 1 26 1.5 15

Image source: miR17T Sse ' '

Si-Ammour et al. (2011) - ——
Plant Physiology, 157, 683-91. EBr & » @ W 8 & B-F % »
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Identifying gene of interest for functional study

» Monitoring gene expression:
a b Sait
- Organ-specific expression pattern oy fx \9 Oh 05h 1h 3h 6h 12h

(Differential expression pattern) ~r— Ar:g?{ —— - - —:@&
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-RT-PCR analysis i
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Image source: e Amzipr| = =], ov®
Sun et al. (2011) actin [ 4

Journal of Plant Research 125:429-38.
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Identifying gene of interest for functional study

» Monitoring gene expression:

- Organ-specific expression pattern

OGS O0S EML

(Differential expression pattern) mES OR OF

-qRT-PCR analysis

Relative transcript level

A

OsRR1 OsRR2 OsRR3 OsRR4 OsRR5 OsRR6 OsRR7 OsRR8 OsRR9/10

Image source:
Jain et al. ( 2006) Real-time PCR analysis showing the organ-specific expression profiles of individual OsRR genes. The relative mRNA levels of

] individual OsRR genes normalized with respect to housekeeping gene, UBQS5, in different tissues (GS, green seedlings; ES, etio-
BMC Plant Blology, 6:1. lated seedlings; S, green shoots; R, roots; ML, mature leaves; F, flowers) are presented.
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