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What is Arabidopsis thaliana?

Weigel, Plant Physiology, 2012 

Capsella rubella A. lyrataArabidopsis thaliana

Gross morphological variation in 
Arabidopsis and relatives.

Annual, dicot
Cruciferae, Arabidopsis

• Small plant
• Short life cycle
• High self-fertilization
• Small genome
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What is evolution?

Futuyma, Evolution(3rd Edition), 2015 

• Biological (or organic) evolution is change in the properties of 

groups of organisms over the course of generations.

• The development, or ontogeny, of an individual organism is not 

considered evolution: individual organisms do not evolve. 

• Groups of organisms, which we may call populations, do evolve: 

they undergo descent with modification.
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What is adaptation?

Futuyma, Evolution(3rd Edition), 2015 

• An adaptation is a characteristic that enhances the survival or 

reproduction of organisms that bear it relative to alternative 

character states (especially the ancestral condition in the 

population in which the adaptation evolved).

• Natural selection is the only mechanism known to cause the 

evolution of adaptations.
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The time scale in most phylogenetic 
trees is a relative one, but the tree 
always implies the passage of time 
from the root of the tree toward the 
tips of the branches.

Phylogenetic tree

Futuyma, Evolution(3rd Edition), 2015 
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Apomorphy and Plesiomorphy

https://pediaa.com/difference-between-apomorphy-and-plesiomorphy/
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Divergent evolution

https://biologydictionary.net/divergent-evolution/

• Divergent evolution is the process whereby groups from the same 
common ancestor evolve and accumulate differences, resulting in the 
formation of new species.

The homologous bones found in the forelimb of 
four different types of mammal.

Darwin’s finches
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Convergent Evolution

https://biologydictionary.net/Convergent-evolution/

• Convergent evolution is the process in which organisms that are not 
closely related independently evolve similar features

The different internal bone structures of wings 
in: 1) Reptilian pterosaurs (Pterosauria). 2) 

Mammalian bats (Chiroptera). 3) Birds (Aves).

The skin stretched between the limbs of a 
Sugar Glider and a Flying Squirrel, evolved to 

allow gliding motion.



10

The Great Wall of China: a physical barrier to gene flow? 

Su et al., Heredity, 2003

• As an artificial physical barrier, the Great Wall could be an excellent model for 

studying its effect on the genetic differentiation of plant populations around it.

Juyong-guan

Control group, mountain path
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The Great Wall of China: a physical barrier to gene flow? 

Su et al., Heredity, 2003

• Prunus armeniaca

• Ziziphus jujuba

• Vitex negundo

• Heteropappus hispidus

• Cleistogenes caespitosa

• Ulmus pumila

• Ulmus macrocarpa

The Juyong-guan Great Wall has served 
as a physical barrier to gene flow of 

separated plant subpopulations.
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Geographical distribution of Arabidopsis thaliana

Geographical distribution of Arabidopsis 
thaliana around the world

Koornneef et al., Annu. Rev. Plant Biol. ,2004
Mitchell-Olds & Schmitt., Nature, 2006

Arabidopsis habitats



How to study the origin and evolution of Chinese Arabidopsis 
thaliana populations?

• Chloroplast DNA sequence variability

13

Yin et al.,BMC Plant Biology, 2010

Distribution map of the 19 accessions of Arabidopsis 
thaliana from China and one from India (Kas-2). Information about eleven pairs of primers 

for PCR amplification.



Evolutionary history of Chinese Arabidopsis thaliana 
populations
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Yin et al.,BMC Plant Biology, 2010

• The origin types of Chinese wild 

Arabidopsis thaliana populations 

can be divided into two 

categories.

• MDHC-I: Yangtze River Basin 

Populations

• MDHC-II: Xinjiang Populations

• Rapid population expansion 

along the Yangtze River  was 

estimated to be about 90,000 

years ago.
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Different ecotypes of Arabidopsis thaliana

Col-0, USA

Vajug-1, Serbia Altai-5, China

Per-1, Russia

Bla-1, Spain

Ler-0, Germany Cvi-0, Cape Verde

Bor-1, Czech

Haz-2, USA Ale-Stenar-56-14, 
Sweden

IP-Mos-1, Portugal Neo-6, Tajikistan
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How to study Arabidopsis natural variation? 

Trontin et al., Current Opinion in Plant Biology, 2011
16
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Quantitative Trait Loci (QTL)-Mapping

Takagi et al., The Plant Journal, 2013 
17

SNP-index: Short reads generated by whole-
genome sequencing are aligned to the 
reference sequence. If 10 short reads cover a 
given nucleotide position, the coverage of the 
site is 10. Among the 10 reads, if four contain 
a SNP different from the reference nucleotide, 
the SNP-index is defined as 0.4. On the other 
hand, if all the reads harbor a SNP different 
from the reference, the SNP-index is 1.0.



CRISPR-Cas9

18Basak & Nithin, Front Plant Sci., 2015
Sternberg & Doudna, Mol Cell., 2015

Series of events to generate a clustered regulatory 

interspaced short palindromic repeats/CRISPR-

associated (CRISPR-Cas) mutagenised plant



1001 Genomes

19
http://1001genomes.org/

Arabidopsis 1001 genomes
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Cold response in plants 

Sharma et al., BioEssays, 2005
Javier & Julio, Survival Strategies in Extreme 
Cold and Desiccation, 2018

Physiological manifestation of cold stress by LT-
sensitive, -insensitive and –tolerant plants

The involvement of plant hormone signaling in plant 
responses to cold stress
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What are the CBFs?

Yamaguchi-Shinozaki & Shinozaki, Plant Cell, 1994
Liu et al., Plant Cell, 1998
Shinwari et al., Biochem Biophys Res Commun., 1998
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Discovery of C-repeat (CRT) sequences

Discovery of C-repeat-binding factor 3 (CBF3) sequences

Discovery of CBF1 and CBF2 sequences
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CBF signaling pathway

Shi et al., Plant Cell Physiol., 2015 22

Regulation of the CBF signaling 
pathway during cold acclimation.

Cold signaling involves multiple 
regulatory mechanisms, including 
transcriptional, posttranscriptional, 
and posttranslational regulation, 
which are triggered by unknown 
temperature sensors. 

Some key components of the 
circadian clock also have effects on 
plant cold responses.
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CBF signaling pathway

Shi et al., J Integr Plant Biol., 2017
Data from Dr. Shi Yihao, unpublished
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Hierarchical clustering of all COR genes in the WT and 
three single cbf mutants after treatment with cold for 

0 h, 2 h and 12 h (n = 3,766)

Schematic diagram of CBF regulation pathway
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CBF variation in worldwide Arabidopsis populations

24

Lin et al., BMC Plant Biology, 2008

Genomic map and orientation of CBFs (A), and gene structures and polymorphism 
illustrations of CBF1 (B), CBF2 (C) and CBF3 (D).
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CBF variation in European Arabidopsis populations

25

Map showing locations of Eurasian Arabidopsis
with complete CBF coding sequences and those 
with CBF alleles containing frameshift or 
premature stop codon mutations. 

Locations of frameshift and premature stop 
codon mutations in CBF1, CBF2 and CBF3. 

Monroe et al., Molecular Ecology, 2016
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CBF variation in Yangtze River Arabidopsis populations

26

Kang et al., New Phytologist, 2013



2727He et al., Chinese Science Bulletin , 2008
Kang et al., New Phytologist , 2013

The time course of expression of the three CBF genes in four 
natural populations and the Col ecotype of Arabidopsis 
thaliana under cold treatment. 

QTL- Mapping → CBF1/2/3

The polymorphism of the amino acid 
sequences of CBF1, CBF2 and CBF3 
among four natural populations and Col. 

CBF variation in Yangtze River Arabidopsis populations



2828Kang et al., New Phytologist , 2013

The polymorphisms of the amino 
acid sequences in four natural 
populations and the Col ecotype 
of Arabidopsis thaliana and 
transactivation activity of CBF1, 
CBF2 and CBF3 in CQtlx and 
SXcgx. 

(a)

CBF variation in Yangtze River Arabidopsis populations



In silico studies of a gene or gene family
(take CBFs as examples)

29

Song Zihan
2019/06/16



Use TAIR10 to find sequence of CBF3

30

https://www.arabidopsis.org/

Amino acid sequence of CBF3



Use phytozome or Gramene for other plants

• https://phytozome.jgi.doe.gov/pz/portal.html

31



• http://gramene.org/
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Use phytozome or Gramene for other plants



• Search a gene 
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How to use phytozome? 



• Analyze your gene: gene structure and alternative splicing
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Genomic tab of CBF3

How to use phytozome? 



• Analyze your gene: get sequence

35

This tab contains genomic locus, transcript, CDS, and translated protein 
sequences for this gene. Each sequence is color-coded to indicate 
boundaries between UTR, coding and intronic sequences.

How to use phytozome? 



• Analyze your gene: protein homologs and evolution history
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Protein Homologs tab of Gene View

Gene Ancestry view

How to use phytozome? 



• Analyze your gene: protein homologs and evolution history

37

How to use phytozome? 



• Analyze your gene: expression information

38

Expression and co-expression of a gene

For more information, please look into HELP for help.
https://phytozome.jgi.doe.gov/pz/QuickStart.html

How to use phytozome? 
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Use phytozome to do BLAST



• As CBF3 is conserved in Viridiplantae, we can choose some 
plants as representatives.

40

Use protein function, length, and sequence alignment as criteria 
to screen your protein from the results .

Use phytozome to do BLAST



Phylogenetic tree of CBF3 transcription factors
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Use MEGA to build a 
phylogenetic tree of CBF3

transcription factors 
(Neighbour-Joining)



A more convenient tool?
GCORN Plant

• http://www.plant.osakafu-u.ac.jp/~kagiana/gcorn/p/index.html

42



Prediction of domains
Prosite

43

• https://prosite.expasy.org/cgi-bin/prosite/ScanView.cgi?scanfile=234757860404.scan.gz



• http://biomine.cs.vcu.edu/servers/DRNApred/?tdsourcetag=s_pctim_aiomsg
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Prediction of DNA binding site



• http://biomine.cs.vcu.edu/servers/DRNApred/?tdsourcetag=s_pctim_aiomsg
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Mutations of DNA binding 
residues may change the 
affinity and function of a 
transcription factor.

Prediction of DNA binding site



Prot-Param
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氨基酸数目

相对分子质量

理论pI值

氨基酸组成

正负电荷残基数

原子组成

分子式
总原子数

消光系数

半衰期

不稳定系数

脂肪族系数

总平均亲水性

http://www.expasy.org/tools/protparam.html



ProtScale
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Analysis of hydrophilicity/hydrophobicity of CBF3

https://web.expasy.org/protscale/



SOPMA
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α-helix, H
β-turn, T

random coil, C 
extended strand, E

https://npsa-prabi.ibcp.fr/

Prediction of secondary structure of CBF3 protein



Swiss-Model
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https://www.swissmodel.expasy.org/

Prediction of tertiary structure of CBF3 protein



Post-translational modification
Plant PTM Viewer

• http://www.psb.ugent.be/PlantPTMViewer

50

Willems P et al., Plant Journal, 2019



PSORT II Prediction
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https://psort.hgc.jp/

Prediction of subcellular localization of CBF3



STITCH & STRING
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http://stitch.embl.de &  https://string-db.org/

Network of interactions between CBF3 and other proteins



Nothing in Biology Makes Sense Except 
in the Light of Evolution.

——Theodosius Dobzhansky, 1973
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