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Plant Molecular Biology and
Biotechnology

Instructor:
Trishia Jade C. Acilo
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Learning Outcomes

To determine the factors contributing to variation in
gene expression

A ‘ & Differentiate genetic and epigenetic changes that causes
variation in gene expression

Q To identify the sources of variation in gene expression
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How do you differentiate a Variant
and a Mutant?
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cenario 1:

A farmer notices that one of his tomato plants produces yellow
fruits, while all others produce red fruits. He collects seeds from the
vellow-fruited plant and grows them. Some offspring also produce
vellow fruits, while others are red.

Scenario 2;

A researcher is studying a population of rice seedlings and notices
that some seedlings appear completely white (albino) instead of
green. These albino seedlings fail to survive past the early growth
stages.

To investigate further, the researcher sequences the DNA of both
albino and normal green seedlings and discovers that there is a
change of sequence in a gene responsible for chlorophyll production.



Scenario 3:

A researcher finds that certain group of rice in the field
survive pest infestations, while others die. The researcher
observes that these resistance is consistently observed over
time.

To understand why, the researcher conducts a gene
expression analysis and discovers that the susceptibility gene
is methylated, which could explain why the herbicide is no
longer effective.
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Variant

An individual or organism that differs from the parent in phenotype, but
alterations at the DNA sequence level have not been confirmed through
molecular (sequencing) or genetic (segregation analysis) methods.

Mutant

An individual or organism with a proven DNA sequence change, confirmed
through molecular or genetic analysis.
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Epigenetic and genetic Modifications

Epigenetic Genetic
Describes the DNA state
Often inducible

Relatively frequent

Describes the DNA sequence

Random

Relatively rare

Reversible

* Sometimes transmitted through Not reversible

meiosis, but no general rule Transmitted through meiosis following

: : “Mendel’s laws”
* Variants are called epi-alleles
* Variants are alleles

(or changes in the epigenome)
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DNA Methylation

* DNA methylation is stable but may disappear (due to
stress) and then leads tot changes in the expression of
genes

e |t often occurs in non-transcribed heterochromatic
regions of chromosomes

* Needed to silence and suppress transposable elements
* Methylation is mainly at C’s next to G.
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model of epigenetic modifications
and their effect on transcription
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« Active (open) chromatin
« Unmethylated cytosines
(white circles)
« Acetylated histones

Gene “switched off”
« Silent (condensed) chromatin
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(red circles)
« Deacetylated histones
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Examples of epigenetic changes

Cytokinin habituation = growth of callus on
media without cytokinins

Pith

Can be habituated by : &

*Growth on low cytokinin

*Short incubation at 35 °C

Cortex

Does not require cytokinin

cross section of stem = habituated

Leaf

[
Cannot be habituated by
any treatment Callus induced on red beet tissue may or may

not express all genes for pigment production
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hromocentres disappear under stress

> 70% cell division plant regeneration

Chromocenters are regions of
heterochromatin, with repeats
and highly methylated DNA

(De-)differentiation of protoplasts
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Interesting work from Paul Fransz group (Univ of Amsterdam) on heterochromatin:
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Fransz et al., 2005, Chrom. Res 14:71; Tessadori et al., 2004, Trends Plant Sci 9: 147



https://link.springer.com/article/10.1007/s10577-005-1022-5
http://www.cell.com/trends/plant-science/fulltext/S1360-1385(04)00026-3

protoplast cultured cell (72h)
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How/to determine DNA methylation
14

1. Use of Restriction Enzymes Hpall and Mspl

Some restriction enzymes cut the same restriction site
but one may not do so when the C is methylated, e.g.,
Hpall cuts CCGG, not CCMGG
Mspl cuts CCGG and CCMGG

Southern blot of DNA cut with

Hpall and Mspl and hybridized
CCGG  CCMGG CCGG

with probe
6kb —
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Igenome segquencing: bisulfite treatment

NH2 NH2
y; CH3 Methyl-
i | i‘\ | cytosine
(@) N N
I

(@]
! No / Bisulfite
freatment freatment

cytosine 5-methylcytosine

Bisulfite & &

1 treatment

NOTE!!!
0 N2 When DNA is bisulfite treated, unmethylated
N N Jj/ “®  cytosine is converted to uracil. Methylcytosine is
OJ\ N ! OJ\ N ! not affected.
L L In a PCR, “U” is copied as “T”
uracil 5-methylcytosine
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3 "
\, Genomic DNA
| <«

ATCTTCTGACGTAAATT GGLGG

P1 [ — ATCTCGATG

o BSS primers design & PCR
ATCTCGAUGTA

P2

Library Prep & Sequencing

ATCTCGATGTAAATTTCTGGTGG

PO IVIdPP &
5 5

2 months access to proprietary
H2G2 Genome Browser

Access to data files
AGTCTCATGTCATCATCGTGTCTTCGTACTCTTAL
TCTCGTACGACTCTGACTGTACTGCGATC
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Reference sequence

ATGCCCGACTCCGATTTAAGCCT

Treated with Bisulfite

ATGCTGATTCCGATTTAAGTCT

Methylated sequence

ATGCMCCACTTCMCMGATTTAAGCC™T



s of genetic variation in cell cultures

1. Chromosomal mutations:
Ploidy refers to the number of sets of chromosomes in a cell.
When plant tissue experience stress, cells may undergo
polyploidy (having extra sets of chromosomes) or haploidy

(having fewer sets).
Aneuploidy is when cells have an abnormal number of

chromosomes, which can cause developmental
abnormalities or genetic instability.

Example: A diploid plant (2n) becoming tetraploid (4n) due
to prolonged stress.
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loidy levels in tissue cultures of allo-
tetraploid tobacco

Tissue culture itself also leads to
chromosome number changes
(polyploidy and aneuploidy)
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elation between ploidy level of explant and
ploidy of regenerated plants

tissues have different ploidy levels

explant % 2C cells % diploid plants
regenerated
leaf 93 99
cotyledon 60 95
hypocotyledon 22 58

Tissue culture and hormone treatment increases
B (aneu)ploidy level

— 4 Kinetin 002ppm, NAA 1ppm

o “ 002 " ¥
70, o @ . ko .
L .- o . e Deve.loopmental processes play role in genome
) P ; stability

50[
L0

30+

Polyploid mitoses %

In due time callus will be entirely unbalanced
and cannot be regenerated into plants anymore
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2. Nucleotide rearrangement:

Rearrangements are structural changes where chromosome
segments are shuffled or moved to a different location.

* [nversions happen when a chromosome segment
flips and reinserts in the opposite orientation.

* Translocations occur when part of one
chromosome attaches to a different chromosome.

These changes can activate or silence genes, causing variability
in plant traits.
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3. Transposable Elements
Mobile genetic elements that “transpose” W

through the genome

Two types i
Class | — Retrotransposons: duplication W
and insertion (copy-and-paste) > s

Class Il — True DNA transposons: w

excision and insertion (cut-and-paste) e i ———
Autonomous: transposition by
itself
Non-autonomous: transposition
controlled by autonomous TE
Generally “silenced” by DNA methylation
Can be activated in tissue culture
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Two types of Transposable elements

Class | ealement Class |l element

LTR RNAPolll o TIR Transposase TIR

#—h—_—i—

Excision
Reverse transcription

Reverse transcriptase
— "

Transport to
the nucleus

Transposase Transposase

(O )

Integrase Integrase

O -0

Integration at a

Integration at a new postion
new postion
Y
P e e &<

MNew position MNew position
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Phenotypes produced by transposable elements in corn kernels

\ Phenotypes
. Pigmented
~ Cgene .
v (wild type) = b O
.
Colorless
.
cmDs) [ e
& (no Ac) (D)
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v c-m(Ds) | gl e T el | 8
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SAYAS Figure 14-4 Introduction to Genetic Analysis, Ninth Edition, W. H. Freeman and Company
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Development and environment cause
(epl)genetic changes in an organism

Developmental g
dgifferences  — Cell Cycle Disturbances «~—

/ \dferenCes

Ability to undergo

Environmental

Mitosis —— Aneuploidy Polyploidy
Non-homologous l *Me[hylalion : :
end-joining % ChromosoIefreakage changes | EPigenetic
Transposable ,/ l
elemepl Quantitative
activation trait
variation

Y

Single gene mulations

Genetic
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