Evolutionary History and Molecular Mechanism of
Differentiation of Cold Response in Chinese Arabidopsis
thaliana Populations along the Yangtze River



Evolutionary history and cold response of
Chinese Arabidopsis thaliana populations

Yang Jixuan
2019/06/16



What is Arabidopsis thaliana?

Annual, dicot
Cruciferae, Arabidopsis

 Small plant

e Short life cycle

e High self-fertilization
* Small genome

Gross morphological variation in
Arabidopsis and relatives.

Capsella rubella Arabidopsis thaliana A. lyrata

Weigel, Plant Physiology, 2012



What is evolution?

* 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.

Futuyma, Evolution(3™ Edition), 2015



What is adaptation?

* 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.

Futuyma, Evolution(3™ Edition), 2015



Phylogenetic tree

A: Human B: Chimpanzee C: Bonobo
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The time scale in most phylogenetic
Branch trees is a relative one, but the tree
Point  3lways implies the passage of time
from the root of the tree toward the
tips of the branches.
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Futuyma, Evolution(3™ Edition), 2015



Apomorphy and Plesiomorphy

APOMORPHY
VERSUS

PLESIOMORPHY

Apomorphy refers to a
novel evolutionary
character unique to a
particular clade and all
its descendants

Plesiomorphy refers to
an evolutionary character
homologous within a
particular clade but, not
unique to all members of
that particular clade

An apomorphic
character is similar
throughout the clade

A plesiomorphic
character is not similar
throughout the clade

The two types are Not divided further
autapomorphy and

synapomorphy

A derived or
specialized character

A primitive or ancestral
character

An apomorphic
character can be used
as a defining character

for the clade

A plesiomorphic
character cannot be
used as a defining
character for the clade

Ex: absence of legs in
snakes

Ex: presence of legs in
reptiles

Visit www.pediaa.com
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https://pediaa.com/difference-between-apomorphy-and-plesiomorphy/



Divergent evolution

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

1. Geospiza magnirostris. 2. Geospiza fortis,
Human Dog Bird Whale 3. Geospiza parvula. 4, Certhidea olivaea.

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

Darwin’s finches

8
https://biologydictionary.net/divergent-evolution/



Convergent Evolution

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

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

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

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

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



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

* 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.

Control group, mountain path

Juyong-guan v
yong-g Su et al., Heredity, 2003



The Great Wa

the Great Wall :

N . N,
mountain path * express way
»

Prunus armeniaca
Ziziphus jujuba

Vitex negundo
Heteropappus hispidus
Cleistogenes caespitosa
Ulmus pumila

Ulmus macrocarpa

| of China: a physical barrier to gene flow?

— 0,01

— 001

QO Individuals from the eastern side of the Great Wall. QO Individuals from the norther side of the path.

@  Individuals from the western side of the Great Wall. @  Individuals from the southem side of the path.

The Juyong-guan Great Wall has served
as a physical barrier to gene flow of
separated plant subpopulations.
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Su et al., Heredity, 2003



Geographical distribution of Arabidopsis thaliana
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Geographical distribution of Arabidopsis Arabidopsis habitats

thaliana around the world

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



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

* Chloroplast DNA sequence variability

Primer sequence

P 5 T - 7 T T 5-GGATAGGACATAGGTCTTCTAA-3
B L 5-CACAGTGGAAGAACAGATAATG-3

R 0 5-CCCTTCAAATTGTATCTGATTAAA-3'
5-GATTTGAACTGGGGAAAAAGGATT-3'

5-GCGLATATAGTCGAATGGTAAA-3
5-GTAAGATTCCGTCGCTAAGTGA-3

S-CGCATAGCTTCATAATAATTCTGT-3'
S5-TCTACATAACAGTTCCAATGTTACS

S TCCTCTGCTCTACCAACTGA-S!
5-AAATCGTGAGGGTTCAAGTC-3

S-CTAGCTGCTGCTTGTGAAGTATGG-3
S5 TAAAATTGAACCACGA CCA-Y

L 5-CAATTGCCGGAAAGACTAGG-3
s 5-GTTCACAAGCGGCTGAATCT-3

S-TATCGAATACTGGTAATAATATCA-3" 5-ATAGTTAAAGCTGCTAGTAGAAAA-S'

5-CTAGGGGTGTTATGCCGATT-3
S5-GTTCGGTTCGTTAGCAGGTT-3'

= 5-CATGGAACGGGATGTTTTTA-3
Ll 5-GTTCTACGCCTCCGAGCTAT-3

S-TCCTCGATGTTGTTTACGAAATCT-3
S-TCGAACTATTTATGGGG AGG-3

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.
13
Yin et al.,BMC Plant Biology, 2010



Evolutionary history of Chinese Arabidopsis thaliana

populations
* The origin types of Chinese wild

HBwcq-China . . . .
HNy,X?Chma Arabidopsis thaliana populations
64 -
ZJdys-China L. .
JXnfx-China can be divided into two
JXgs-China
AHthx-China categories.
GZyjx-China
6 |°°""'°""?a « MDHC-I: Yangtze River Basin
68 CQbbg-China
ZJjds-China .
: _— Populations
¢ HNzjj-China
( Kas-2-India
: 82 SXcgx-China  MDHC-II: Xinjiang Populations
Branch A'|  |gswex-China
HBhax-China ) . ]
: . SXmix-China * Rapid population expansion
o 63 (AHyxx-China .
LJSnjs.China along the Yangtze River was
: estimated to be about 90,000
53 KZ10-Kazakhstan
I; u MN1-Russia yea IS agO.
% XJalt-China
XJghx-China

14
Yin et al.,BMC Plant Biology, 2010



Different ecotypes of Arabidopsis thaliana

0

Ler-0, Germany Cvi-0, Cape Verde Per-1, Russia

Bor-1, Czech

Ale-Stenar-56-14, |P-Mos-1, Portugal Neo-6, Tajikistan
Sweden

15



How to study Arabidopsis natural variation?

Population biology i

Factors influencing natural Historical demography |
variation in Arabidopsis thaliana Population size, Migration 1
/Isolation by distance, Selfing

Environment Adaptation

Fiaure o —» Natural
Sddiads selection

v

Genetic variation +——

(OEE

Phenology «—p Growth ¢—p Physiology

Methods to analyse natural
variation in Arabidopsis thaliana

or protein function
Functional analysis of the QTG
Quantitative and transgenic complementation

Understanding and proving the link
between genetic and phenotypic
variation

I

1

I

|

|

Phenotypic variation ¥ Gene :

expression !

Arabidopsis thaliana natural variation ¥ Epigenetic variation .

|
. 4 __L_‘_'_'_'_'_'_'_'_'_'_'_'_'_.__________-___*_________________._'_'_'_'_'_'_'_'_'_'_'_'_'___! _______ .
[} 1
g Ecological approaches QTL mapping Evolutionary approaches :
I Understanding the interactions between Identifying loci, genes or nucleotides Detecting signatures of selection 1
; plants and the environment responsible for phenotypic variation :
: - Polymorphism frequency spectrum- !
, Reciprocal transplapt / Common gardef . . based analyses: Tajima’s D and 1
: experiments Map-based cloning LD mapping related tests, scans for selective |
[} 1
: Genotype (QTL? / haplotype (ggng) / Epistatic SWEODS, =1 ]
: phenotype — environment associations| interactions Inter-specific comparison: |
I o . McDonald-Kreitman test, HKA test, 1
1 Multivariate analyses: Dn/Ds ratio 1
s Genetic / phenotypic variance — e QTL/QTG/QTN > pine !
! covariance matrices l denetic differentiation-based methods: |
s QST, FST, ®ST analyses 1
I 1
I 1
: Molecular approaches Consequence of the QTN on gene expression :
| :
I 1
I 1
I I

16
Trontin et al., Current Opinion in Plant Biology, 2011



Frequency

Quantitative Trait Loci (QTL)-Mapping

- 0

Highest
bulk

Plant height

Align the sequence reads to
reference of the A genome

(b)

© 1] — Highest bulk e A
E Reference AcccACIGGTGCAACCGGTGTAG j GGCAAACGTGAA
E sequence C ——— G
E DB Lotk R R SR e 4G
% - " . i e I — - -— G
in G G
( G
0 G G
G G
14 Lowest bulk e Gl G
P i of
B o 2 ) &
T 0.5 1 e P T e P _ . B _
% v \_ SNP-index =4/10 =0.4  SNP-index = 10/10 =1 )
0

4 (SNP-index)

1
=
(2

-1 -

Chromosome position

SNP-index: Short reads generated by whole-
Subtraction
= * Highestbulk-  genome sequencing are aligned to the

Lowest bulk

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,
Chromosome position 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.

17
Takagi et al., The Plant Journal, 2013



CRISPR-Cas9

Gene L Genomic target sequence

Step I:

Selection of the | 20bp sequence followed
genomic target bythe PAM sequence (NGG)

~.NNNNNNNNNNNNNNNNNNNNNNNNNGGNNNNNN....

¢ expressed under asmall RNA promoter
Step ll: )

sgRNA designing
and its expression > sgRNA

S ’ -> sgRNA:Cas9 complex
Assembly of ; ; P
sgRNA and Cas9 Cas9 sgRNA

Step IV: Delivery to plants via different delivery system like Geminivirus mediated delivery,
agrobacterium transformation and protoplast transformation.

/PAM
Genomic DNA / o <
Step V: .

Target DNAsite
cleavage by -
sgRNA:Cas9

Cas9 sgRNA:Cas9 complex
complex

Step VI: Regeneration and screening of mutant plants for miRNA/IncRNA targeting events.

Series of events to generate a clustered regulatory
interspaced short palindromic repeats/CRISPR-
associated (CRISPR-Cas) mutagenised plant

Basak & Nithin, Front Plant Sci., 2015 13
Sternberg & Doudna, Mol Cell., 2015



1001 Genomes

Arabidopsis 1001 genomes

1001 G

A Catalog of Arabidopsis thalie

Tools Download
Explore the variants. We maintain Visit the Data Center and download
several tools for data download, whole sets of SNPs, indels, SVs, and

visualization, and analysis.

1135 Accessions Final Set

genome sequences.

180 GMI| Accessions B0 MPI Accessions
(G MlNﬂrdbDrgEﬂ'lﬂ] (MPICao2010)

Get Seeds

Seed sets of natural accessions are
available for

Complete set

80 strains (D. Weigel lab, MPI)

195 strains (J. Ecker lab, Salk)

180 strains (M. Nordborg Lab, GMI)

195 Zalk Accessions  Legacy Projects

19
http://1001genomes.org/



Cold response in plants

/N

LT-sensitive plant LT-insensitive plant LT-tolerant plant
e.g. rice, maize, c.g. potato, spinach ¢.g. temperate plants
tomato

0-15°C
By,
O
N\
<3
Cla
A
Below 0°C

. No effect of cold stress
Formation of water-soaked ?
areas, wilting, breakdown of due to the m‘?‘“ toletlance
tissue and finally senescence ?1::: supercooling of plant
S

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

B

CCA1/LHY

)\ Light

DELLAs | EBF1/2

l

0OST1

\ GNC/GNL
ICE1 }=== SOC1" EIN3

CESTA

____ CBF1 __ CBF3

The involvement of plant hormone signaling in plant
responses to cold stress

Sharma et al., BioEssays, 2005
Javier & Julio, Survival Strategies in Extreme

Cold and Desiccation, 2018



What are the CBFs?

rd29A1

rdZ29A2

DREB1B/CBF1 DREB1A DREBIC _
XL
[ —p pram— —T———oy,
rdl7 H A B SC HB H H
. 6.6 kbp
Discovery of C-repeat (CRT) sequences . -
1.0 kbp
i
DREB1A 2 kop
CCTGAACTAGAACAGAAAGAGAGAGAAACTATTATTTCAGCAAACCATACCAACAAAAAAGACAGAGATCTTTTA 75
GTTACC 'I'TATCCAG’K'I‘TCT‘IGAMCAGAGTACTCTTYZTCATCAATGMCTCAP‘TPCNCTEHTCTGMATCTT 150 | 1
'ICGCTCCGATTACGAGTC‘I"I‘CGG'I‘I‘TCCTCAGGCGG’I‘GA'I‘I‘AT?TT‘?CG?\CGCT‘I\SZ‘:CG:GCAGCE‘GCECC}:AGEA 225 C: é _u_;_ é 8 8 ?
G:S DY 'E"S SN §'8§'G'C D ¥ I Pi T LA S S"C P )
ACCGGCGGGTCGTAAGAAGTTTCGTGAGACTCGTCACCCAATATACAGAGGAGTTCGTCGGAGAAACTCCGGTAA 300
PAGRKKTFRET RHTPIYRGVRRRNSGEK (kbp)

GTGGGTTTGTGAGGTTAGAGAACCAAACAAGAAAACAAGGATTTGGCTCGGAACATTTCAAACCGCTGAGATGGC 375

W VvCcFEVREPNI KIKTRTIWILGTFOTATEMA . fCBFl dCBFZ
AGCTCGAGCTCACGACGTTGCCGCTTTAGCCCTTCGTGGCCGATCAGCCTGTCTCAATTTCGCTGACTCGGCTTG 450

A R A HDV A AL ALRGTURSACTLNIEADSA AW Dlscoveryo an Sequences
GAGACTCCGAATCCCGGAATCAACTTGCGCTAAGGACATCCAAAAGGCGGCGGCTGAAGCTGCGTTGGCGTTTCA 525

R LRI PESTC CAIKDTI QI KA AARAMARARMEA AAMALUA ATFOQQ
GGATGAGATGTGTGATGCGACGACGGATCATGGCTTCGACATGGAGGAGACGTTGGTGGAGGCTATTTACACGGE 600

DEMCDATTIDHGT FDMETETLVEA ATITYTA
GGAACAGAGCGAAAATGCGTTTTATATGCACGATGAGGCGATGTTTGAGATGCCGAGTTTGTTCGCTAATATGGC 675

EQSENAFYMHDTEAMT FEMZPSTLTLANMA
AGAAGGGATGCTTTTGCCGCTTCCGTCCGTACAGTGGAATCATAATCATGAAGTCGACGGCGATGATGACGACGT 750

EGMLLVPLUPSV QWNHNIHEVDGDUDTDT DUV
ATCGTTATGGAGTTATTAAAACTCAGATTATTATTTCCATTTTTAGTACGATACTTTTTATTTTATTATTATTTT 825

S LWSY
TAGATCCTTTTTTAGAATGGAATCTTCATTATGTTTGTAAAACTGAGAAACGAGTGTAAATTAAATTGATTCAGT 900
TTCAGTATAAAAAAAAAAAAAAAAAAAAAAAAD 933

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

Yamaguchi-Shinozaki & Shinozaki, Plant Cell, 1994
Liu et al., Plant Cell, 1998 21
Shinwari et al., Biochem Biophys Res Commun., 1998



CBF signaling pathway

Plasma ' "' '
Membrane Ca®
v Channels
Regulation of the CBF signaling

Membrane
Rigidification ¥
\ ?
pathway during cold acclimation.

Cold signaling involves multiple
regulatory mechanisms, including
transcriptional, posttranscriptional

and posttranslational regulation
which are triggered by unknown

-°
.

'
1}
1
'
'
1
I
'
H
[CCA1B, PRRs] . v
lgt A -1 :al_ csr-a _:wn CBF2
=
\‘ ri

[MYB15, EIN3, ZATIZ]‘ e ! , o
——— CRT/DRE — COR genes
' temperature sensors.
] I Pre-mRNA
CBF-independent pathway [FRY2,LOS4,RCF1)
[ESK1,HOS9, Gl | L Some key components of the
\ m
circadian clock also have effects on
u ¥
Plant Responses to Cold Stress | plant cold responses.
Shi et al., Plant Cell Physiol., 2015 22



CBF signaling pathway

Cluster A

Hierarchical clustering of all COR genes in the WT and
three single cbf mutants after treatment with cold for

L
|

Il

:

§uE
‘g |‘
1

|

it

Oh,2hand 12 h (n=3,766)

cbf3_Oh

L eptron

| II:‘

cbf2_Oh

|| WT_Oh
cbf3_2h
cbf2_2h
. WT_2h

© cbf1_2h
‘ cbf3_12h

| cbr2_12h

cbf1_12h

Red 23

CoReg Red 123

Schematic diagram of CBF regulation pathway

Shi et al., J Integr Plant Biol., 2017
Data from Dr. Shi Yihao, unpublished
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CBF variation in worldwide Arabidopsis populations

5% 13.023M1  CBFI —_1 CBF3 ——I __ T:igd
| H“T"Wmmﬂw
IRIARL
" L]
[T T T
" 1L

|

|
IRURIRAE ey

Genomic map and orientation of CBFs (A), and gene structures and polymorphism
illustrations of CBF1 (B), CBF2 (C) and CBF3 (D).

24
Lin et al., BMC Plant Biology, 2008



Latitude

CBF variation in European Arabidopsis populations

» Frameshift
B Premature stop codon

AP2/ERF Activation
Domain Domain

CBF1 —— | CBF3 CBF2
[ ] >) [ — >
[

> » D »

__F I I VAVA | I I —
9669;5, 724.64 734.1,, (957155 [ITALY,, 9522,

9565,

9545,5, 724.7, 9590,33 8964 9523,
117 724.8, 55 95444,
il ;;1;;: 955;7: p
734.4,
734.5,
N 737.2,
© e Complete coding sequence Minitemp . .
) S e coldest Locations of frameshift and premature stop
© CBF2 refaturesto month (°C) . .
@crs] " codon mutations in CBF1, CBF2 and CBF3.
18 'r" 0
O_;« ‘.-..‘w 10
-20
@ -30
» : 4 Map showing locations of Eurasian Arabidopsis
"";’;#ﬂ """"" e o dedadedade ™ o —- 3 S

with complete CBF coding sequences and those
with CBF alleles containing frameshift or
premature stop codon mutations.

0 20 40
Longitude

3 ;
17 11‘0!
1171120
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Monroe et al., Molecular Ecology, 2016



CBF variation in Yangtze River Arabidopsis populations

Natural variation of C-repeat-binding factor (CBFs) genes is a
major cause of divergence in freezing tolerance among a group
of Arabidopsis thaliana populations along the Yangtze River in
China

Juging Kang', Huiting Zhang', Tianshu Sun', Yihao Shi', Jiangiao Wang', Baocai Zhang”, Zhiheng Wang™",
Yihua Zhou® and Hongya Gu'?

'fﬂ:.::li.ryLbunmr_r Ir Proeein and Flane Gese Eosarch, Collepe of Lk Sei Peiing U ¥ Brijir‘_'ll]]ﬂ?'l.ﬂh:"n: 1 ol ] [ b | Bmlogy, Chnese

Academy of Science, Erii.in;'lﬂl{ll.{j‘l.irm’fallwd‘”rh:nud: d Sch Peking LT iry, Bripng WMIET], Chesag T.:nl:rhr.'ﬁ’l.'l:ru::uhﬂ. Fvnlersen and (lmare,

Deparmem: of Biclogy, Ussvenary of Copenbagen, Unieeniisengarken 15, DE-2100, Copeshapen Dienesarks "The Marsonal Plazs Gone Revemch Cenier (Beijing), Beging 103101, China

Summary
Author for conmespondence: * We used a monophyletic group of four natwral populations of Arabidepsis thaliana
Hongya Gu expanded from a single ancestor along the Yangtze River c. 90000 yr ago to study the molec-
Eif;:aﬂ Eﬂ ?5| 1§::?&1 ular mechanism of the divergence in their freezing tolerance, in order to gain an insight into

the genetic basis of their local adaption to low temperatures.
* Freezing tolerance assays, measurements of metabolites in the raffinose biosynthesis path-
way and transactivation-activity assays of varation in forms of cold-responsive transcription
factors were conducted on the four populations. Quantitative trait locus mapping was
New Phytologisf (2013) 199: 10651080 adopted with F» populations of the most- and least freezing-tolerant populations.
doi- 10.1111/nph. 12335 s The degree of freezing tolerance among the four populations was negatively correlated
with the lowest monthly average temperature of lanuary in their native habitats, and psi-
Koy words: Arabideyeis thalians, C-repest- tively comelated to the expression level of some cold-regulated genes. We identified a major
binding factor (CEF), fresazing lolerance, loeal  I00Us harboring three cold-responsive transcription factor genes CBF7-3, and found a nucleo-
adaptation, natural varistion, Yangtoe River. tide insertion in CBF2 in all populations except SXcgx, which generated a dysfunctional CBF2
priviedn.
* The CBF2 in S¥cgx experienced a stronger natural selection in the cooler emvironment after
CEF3 lost its response to low temperature, which possibly reflects a local adaptation of these
populations during the expansion from a common ancestor.

Received: § March 2013
Accepled: 18 Apeil 2013

26
Kang et al., New Phytologist, 2013



CBF variation in Yangtze River Arabidopsis populations

QTL- Mapping - CBF1/2/3

—_—
[}
~

Relative expression level

CBF3 CBF2 CBF1

(b)

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

—_—
()
~

. CBF1 . CBF2 CBF3

5 _ 60 50 r . 2200
[} ° W 4°C1/4h
3 0r o 40 W4°C1/2h
(= c HW4°C1h
S 40r 2 sl Wac2n
o @ M 4C3h
r= 30 + = . 0
s 5 4°C12h
5 % 20+ M 4°C24h
o 2f o B 4C7d
= z
© T 10F
i &

0 0

CQtix JXjis AHgsx SXcgx Col CQtix JXjjs AHgsx SXcgx Col CQtix JXjis AHgsx SXcgx Col

CQtix
JXjis
AHgsx
SXcgx
Col

CaQtix
JXjjis
AHgsx
SXegx
Col

CQtix
JXjis
AHQgsx
SXcgx
Col

TCAKDIQKAAAEAALAFQDE

TCAKDIQKAAAEAALAFQDEN
TCAKDIQKAAAEAALAFQDEN
TCAKDIQKAAAEAALAFQDEN
TCAKDIQKAAAEAALAFQDEN

FQDEQR
M FQDEWR

3 e R EEE maasE 1he polymorphism of the amino acid
81 B R sequences of CBF1, CBF2 and CBF3
among four natural populations and Col.

e — ]
e

He et al., Chinese Science Bulletin , 20087
Kang et al., New Phytologist , 2013



CBF variation in Yangtze River Arabidopsis populations

E:romosomeil o A TBIC Col ete. (©) & *kk
romosome I £ 2048 | gpse  wwn I_"'I"‘”)r e ik
qsx, 3
(a) Chromosome 5¢ e . CQtlx, § 512 | r ***I
Chromosome 4 JXjs, @ _ 128}
SXegx oL
‘o 32t W
Chromosome 5L B A | B ICr o=
Kas2 52 8
Chromosomem:m:_Imm:l o
© 21
q’)
Chromosome 51 - %. 5t
Chromosome 4n—u_m—n Estl elc. o
Chromosome 5¢ - ]
Chromosome 4¢ - 1 |- (%8 CBF3 1 YNgsx
(b)
1 213 130
CBF1-CQtix (1-213) I RS CBF2-CQth-N1 <1—1ao>‘:q
\

1 213 1 130
CBF1-SXogx (1-213) [ RSO r CBF2-8Xogx-N1 (1—130) W . .
| The polymorphisms of the amino

CBF2-CQtlx (1-217) —1:*217 CBF2-CQtix ~N2(1—124) [ | acid sequences in four natural

CBF2-SXcgx (1-217) _1:_217 ‘ v CBF2-SXoge-N2(1—124) S WG| populatlons and the Col eCOtype
1 - N of Arabidopsis thaliana and
-CQtix(1-217) [ e CBF2-CQtix-C(110-217) ‘ . . ..
B S | ‘ i o transactivation activity of CBF1,
CBF3-SXcgx (1-217) _1:_2917 | CBF2-SXch—C(110—217)_/\110-217 | CBFZ and CBF3 in CQtIX and
) f SXcgx.
Positive control [N | Negative control(pYF503) NN ‘

Kang et al., New Phytologist , 2013 28



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

Song Zihan
2019/06/16



Use TAIR10 to find sequence of CBF3

https://www.arabidopsis.org/

AT4G25430

B1A, DREB1A

Other names: ATCEF3, C-REPEAT BINDING FACTOR 3, CBEF3, DEHYDRATION RESPONSE ELEMENT

encodes a member of the DREE subfamily A-1 of ERF/AFPZ transcription factor family (CBF3). The protein
contains one APZ domain. There are six members in this subfamily, including CBF1, CBFZ, and CEF3. This
gene is involved in response to low temperature and abscisic acid.

Sequence: AT4G25480.1

Update History @

Date last modified
Name

Tair Accession
GenBank Accession
Sequence Length (bp)
Sequence

Send to WU-BLAST |

AT4G25480.1 replaced At4025480  on 2003-08-13
AT4G25480.1 replaces AT4G25420.1 on 2003-01-09
AT4G25480.1 replaces AT4G25420.1 on 2003-01-09

2017-07-24
ATAG25480.1
Sequence: 1005030824
NM_118680

651

1 ATGAACTCAT TTTCTGCTTT TTCTGAmaTe TTTGHCTCCG ATTACGAGTC
51 TTCGGTTTCC TCAGGCGETG ATTATATTCC GACGCTTGCG AGCAGCTGEC
101 CCAMGAMRCC GGOGGETCGT ANGRAGTTTC GTGAGACTCS TCACCCARTA
181 TACAGAGEAG TTCGTCGGA: ARACTCCGGT AMGTGHGETTT GTGAGGTTAG
201 AGAACCARAC AAGAARBCAR GEATTTGHT CGERACATTT CAMMCCGCTG
281 AGATGGECAGT TCGAGCTCAC GACGTTGCCG CTTTAGCCCT TCGTGHCCGA
301 TCAGCCTGTC TCAATTTCGE TGACTCGGCT TGGAGACTCC GAATCCCGGA
381 ATCARCTTGC GCTAAGEACH TCCARMAGHD GGOGGCTGAR GCTGCGTTGE
401 COTTTCAGGA TGAGATGTGT GATGOGACGA CGGEATCATGE CTTCGACATG
481 GAGGEAGACGT TGGTGEAGEE TATTTACACG GCGGAACAGH GCGARAATGC
501 GTTTTATATG CACGATGAGE COATGTTTGA GATGCCGAGT TTGTTGGCTA
581 ATATGGCAGA AGGGATGCTT TTGCCGCTTC CGTCCGTACA GTERAATCAT
601 AATCATGAAG TCGACGGCGE TGATGACGAC GTATCGTTAT GEAGTTATTA
651 A

1 MHSFSAFSEM FGSDYESSVE SGGIYIPTLA SSCPERPAGE EREFEETEHET
&1 YRGYERENSG EWVCEVEEFN EETEIWLGTF ATAEMAARAH DIWVAATATRGE
101 SACLHFADSA WELETFESTC AEDIQEAAAE AALAFQDEMC DATTDHGFIM
1561 EETLVEATYT AEQSEHAFYM HDEAMFEMES LLAHMAEGML LPLEPSVAWHH
201 HHEVDGODDD WSLASY

Amino acid sequence of CBF3
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Use phytozome or Gramene for other plants

* https://phyto

J THE PLANT GENOMICS RESOURCE

zome.jgi.doe.gov/pz/portal.html

¥JGI

Species v Tools + Info ~

Download ~ Help ~

Cart

Subscribe

| Species v

All re
spe

Amaranthus hypochondriacus v1.0
Amaranthus hypochondriacus v2.1
Amborella trichopoda v1.0
Anacardium occidentale v0.9
Ananas comosus v3

Aquilegia coerulea v3.1
Arabidopsis halleri v1.1
Arabidopsis lyrata v2.1
Arabidopsis thaliana Araport11
Arabidopsis thaliana TAIR10
Asparagus officinalis V1.1
Boechera stricta v1.2
Botryococcus braunii v2.1
Brachypodium distachyon Bd21-3 v1.1
Brachypodium distachyon v3.1
Brachypodium hybridum v1.1

Brachypodium stacei v1.1

Rrachvnodium svilvaticuiim v1 1

Cucumis sativus v1.0
Daucus carota v2.0
Dunaliella salina v1.0
Eucalyptus grandis v2.0
Eutrema salsugineum v1.0
Fragaria vesca v1.1
Glycine max Wm82.a2.v1
Gossypium hirsutum v1.1
Gossypium raimondii v2.1
Helianthus annuus r1.2
Hordeum vulgare r1
Kalanchoe fedtschenkoi v1.1
Kalanchoe laxiflora v1.1
Lactuca sativa V8

Linum usitatissimum v1.0
Malus domestica v1.0
Manihot esculenta v6.1

Marrhantia nolvmornha v3 1

Panicum hallii var. hallii v2.1
Panicum virgatum v1.1
Panicum virgatum v4.1
Phaseolus vulgaris v2.1
Physcomitrella patens v3.3
Populus deltoides WV94 v2.1
Populus trichocarpa v3.0
Populus trichocarpa v3.1
Porphyra umbilicalis v1.5
Prunus persica v2.1

Ricinus communis v0.1

Salix purpurea v1.0
Selaginella moellendorffii v1.0
Setaria italica v2.2

Setaria viridis v1.1

Setaria viridis v2.1

Solanum lycopersicum iTAG2.4

Solanum tuhernsiim v4 03
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Use phytozome or Gramene for other plants

http://gramene.org/

{gl’{lﬂw!l@ Search for genes, species, pathways, ontology terms, domains...

Gramene Portals

Genome Browser Plant Reactome
Browse genomes with annotations, variation N Browse and analyze metabolic and regulatory

and comparative tools pathways

Tools Plant Expression ATLAS ¢
Tools for processing both our data and yours Browse plant expression results at EBI ATLAS
BLAST Gramene Mart
R .o
I ||| "i H I ” Query our genomes with a DNA or protein blozggzmart An advanced query interface powered by
ey . '¥¥ sequence BioMart

Track Hub Registry @& o)
A global centralised collection of publicly %
o

Outreach and Training

Educational resources and webinars

accessible track hubs
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How to use phytozome?

 Search agene

Phytozome quick search (advanced)

Flagships | Clustered Genomes and Families

Unclustered Genomes l

a
3.

4

Search in

coerulea Arabidopsis halleri Arabidopsis lyrata
1 V1.1 va.1

Arabidopsis thaliana columbia TAIR10

Arabidopsis
thaliana TAIR10

Asterid

Boechera stricta Brachﬁpodﬁum Brachypodium
v1.2 distachyon v3.1 stacei v1.1

for | AT4G25480 /] m

Gene AT4G25480

~Gene Info

Organism
Transcript Name
Location:

Alias
Description
Gene Atlas Desc
Links

Functional Annotation

Arabidopsis thaliana columbia
AT4G25480.1 (primary)
Chr4:13018214..13019121 reverse
ATCBF3 CBF3 DREB1A
dehydration response element B1A
Highly expressed in root

a m : tair I"ro-t”:: I'-‘ro-t”::

Genomic Sequences Protein Homologs

Expression

Protein domain view

216

[ o

Functional annotations for this locus

Type Description
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How to use phytozome?

* Analyze your gene: gene structure and alternative splicing

Functional Annotation Genomic Sequences Protein Homologs Gene Ancestry Expression

[

Chr4:13017851..13019484 :: View in JBrowse

13,018,000 13,018,500 13,018,000 Full-screen view | Fullscree

. « I I
Transcript AT4GR5480.1 (3

0 m >

Genomic tab of CBF3

Functional Annotation Genomic Sequences Protein Homologs Gene Ancestry Variation

Chr04:21810701..21821646 :: View in JBrowse

21,812,500 21,815,000 21,817,500 21,820,000 Full-screen view
. — -
Trangcript Polr.004G210300.1
o — - — - — - ————— — - — - - — — }—m
Potri.004G210400.1
. N * — - — — —— — — — — —_— —_— — — —
Alternative Transcript Potri.004G210400.2
- i —3 .} . = ——————
BLASTX Plant Proteins - S s -

Fig. 9 Genomic tab in Gene View
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How to use phytozome?
* Analyze your gene: get sequence

Functional Annotation Genomic Sequences Protein Homologs Gene Ancestry Expression

Transcript sequence | CDS sequence |l Peptide sequence m key: 5'UTR CDS 3'UTR
BLAST this sequence at NCBI

A Genomic Sequence [908]
. Transcnpt Sequence [908] BLAST this sequence at m
BLAST this sequence at NCBI

A CDS Sequence [651]

Functional Annotation Genomic Sequences Protein Homologs Gene Ancestry Expression

>AT4G25480 | Chr4:13018214..13019121 reverse
CCTGAACTAGAACAGAAAGAGAGAGAAACTATTATTTCAGCAAACCATACCAACAAAAAAGACAGAGATCTTTTAGTTACCTTATCCAGTTTCTTGAAAC

AGAGTACTCTTCTGATCAATGAACTCATTTITCTGCTTTTTCTGAAATGTTTCGCTCCGATTACGAGTCTTCGGTTTCCTCAGGCGGTGATTATATTCCGA
CGCTTGCGAGCAGCTGCCCCAAGAAACCGGCGGGTCGTAAGAAGTTTCGTGAGACTCGTCACCCAATATACAGAGGAGTTCGTCGGAGAAACTCCGGTAA

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.
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How to use phytozome?

* Analyze your gene: protein homologs and evolution history

Functional Annotation Genomic Sequences Protein Homologs Gene Ancestry Expression
Show: All proteins Primary proteins
|:| Views Org Defline MRSF  Relationship Score  Similarity CiE g 218
I a ﬂ Cru  Carubv10005709m - (1 of 4) PTHR31839:SF8-D.. BRA M-1 1147 92.6%  IEE— |
— ] S (=

Protein Homologs tab of Gene View

Functional Annotation Genomic Sequences Protein Homologs Gene Ancestry Expression

|:| Views Size Node Description Mpo | Ppa | Sfa || Smo [Ac...| Alr (| Mac | Spo | Z... | Bdi | Bsta | Osa | Oth | Pha | Pvi Sit

ﬂ 1612 Viridiplantae Auto: (E=2e-144) PFo0s47-AP2.. 3 [N 5 N SR ERER EN nn

1 ]

O
| ﬂ 1610 Embryophyte Auto: (E=2e-144) PFo0s47-AP2.. 3 [JEINGEY s N IEN G EERERE mnﬂ
il ™

ﬂ 1183 Angiosperm hvpothetical protein !

Gene Ancestry view
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How to use phytozome?
* Analyze your gene: protein homologs and evolution history

~Family Info

Identifier Brassicaceae gene family 95503977, 5 members

Size 3 founders

Membership AthBstCgrCru

1 1 a1
‘ Genes in Family H Functional Annotation H MSA H Family History
™ Views Org ID Alias/Symbol Defline Domains Exons

B F B ~n ATacasasos ATCBF3 dehydration response element B1A D—Q—D.—.-*-.D..D
1 st 0Sstr. S L [0} E = =i

R c Bst Bostr.786750360.1 1 of 4) PTHR31839:SF8 - DEHYDRATION-R
1 r aqgra. S 3 (o} . - -R...

N c Cgr Cagra.2248s0025.1 1 of 4) PTHR31839:SF8 - DEHYDRATION-R

1 r M FN car cacra224850026.1 (1 of 4) PTHR31839:SF8 - DEHYDRATION-R - -
| Genes in Family ” Functional Annotation ” MSA H Family History
7 | ID Type Description Aha Aly Ath Bst Bol Bra Cgr Cru Esa
[
[T] PFo0847 PFAM AP2 domain - - 1 1 - - 2 1 - E
[[] Go:0003677 GO Any molecular function by which a gene product interacts selectively and n... - - 1 - - - - - -
[[] Go:0003700 GO Interacting selectively and non-covalently with a specific DNA sequencein .. - - 1 1 - - 2 1 e
. [l n ] [
Genes in Family || Functional Annotation H MSA H Family History

Ath: ATAG25480.1

Bst: Bostr.7867s0360.1.p
Cru: Carubv10006965m
Cgr: Cagra.2248s0026.1.p
Cgr: Cagra.2248s0025.1.p

e B o C]
[ZIzisiviy]
I me|» |

G

consensus/100%

m Y

NN | 1

37



How to use phytozome?

* Analyze your gene: expression information

Gene AT4G25480

»Gene Info

Organism Arabidopsis thaliana columbia
Transcript Name AT4G25480.1 (primary)
Location: Chr4:13018214..13019121 reverse
Alias ATCBF3 CBF3 DREB1A
Description dehydration response element B1A
Gene Atlas Desc Highly expressed in root

Links B m - tair Prot : Prot :

Functional Annotation Genomic Sequences Protein Homologs Gene Ancestry Expression
Show: Expression Coexpression
Experiment Group Experiment Name FPKIM Locus DE Library DE
GeneAtlas Tissue Sample Leaf.ammonia 0.986

Expression and co-expression of a gene

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

1JGI X

THE PLANT GENOMICS RESOURCE

JGIHOME LOGIN

Species v | Tools v | Info v | Download v | Help v I Cart I Subscribe

Keyword search

Phytozd g ast (advanced) Help with Phytozome
JBrowse z
3ships ‘ Clustered Genomes and Families ‘ Unclustered Genomes Documentation
PhytoMine ] | . < G iz
| « View a tree representation of the species in
BioMart IR\ Phytozome v12.1
\Q’ ﬁ ok » View a Quick Start Guide to using Phytozome
. \ £ « Check out the FAQs
All released Amaranthus Amborella Ananas comosus Angiosperm Aquilegia coerulea Arabidopsis halleri Arabidog
species hypochongriacus trichopoda v1.0 v3 v3.1 V1.1 Vi
V1.
4 »

Search for genes, families and sequences

1. Select a Target 0 species selected [£Y

2. Build your query (Go |

Target set: | Phytozome 12.1 | Pre-release species

Target type: = Ancestor nodes | Species

Select or enter a species or node (e.g. Arabidopsis, Rosid)

—— Panicum virgatum v1.1 o
—— Setaria jtalica v2.2
—— Setaria viridis v1.1
—— Sorghum bicolor v3.1.1
—— Zea mays Ensembl-18
—— Zea mays PH207 v1.1
Eudicot
Aquilegia coerulea v3.1
Pentapetalae
Amaranthus hypochondriacus v1.0
Asterid
—— Daucus carota v2.0

——— Mimuiliie anrttatiie w2 N

Search type: | Keyword | BLAST

NFADSAWRLRIPESTCAKDIQKAAAEAALAFQDETCDTTTTNHGLDMEETM &
VEAIYTPEQSEGAFYMDEETMFGMPTLLDNMAEGMLLPPPSVQWNHNYD
GEGDGDVSLWSY

w
4
L x

Algorithm parameters

Query name: | (optional)

'®) View results in browser

" Notify by email (long or multifasta jobs)

Target type: |Target type: Genome v |
Target type: Genome :

:otide db
‘ Target type: Genome (masked) one

Expect (E) threshold: IELERVESENIT

Program:
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Use phytozome to do BLAST

 As CBF3is conserved in Viridiplantae, we can choose some

pla Nnts as represe ntatives.
BLAST Results

+BLAST Inputs

Query your.seq (216 letters)
Target Capsella grandiflora vi1.1 proteome (26561 sequences, 11038161 total letters)
Program BLASTP 2.2.26+

Hits Found 100 Download results Select BLAST format v
O Views Defline Scom | E QLMW_ 216
. aﬂ Cagra 28753s0001.1 (1 of 4) PTHR31839:SF8 - DEHYDRATI. . 3263 38E-113 1216 r
|- aa Cagra 224850026 1 (1 of 4) PTHR31839:SF8 - DEHYDRATIO. . 3239  43E-112 2216 3
. aﬂ Cagra.0094s0011.1 (1 of 4) PTHR31839:SF8 - DEHYDRATIO .. 2282  6.7E-75 1218
|- aa Cagra 224850025 1 (1 of 4) PTHR31839:SF2 - DEHYDRATIO. . 1587  4.9E-49 3 2.85
. aa Cagra.0568s0171.1 (1 of 2) PTHR31839:SF0 - DEHYDRATIO... 1259  4.4E-35 : 29-136 3

Contact Disclaimer U.S. OEPARTHENT OF Office of

Accessibility / Section 508 Statement ENERGY Science
i

©1997-2017 The Regents of the University of California

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



Phylogenetic tree of CBF3 transcription factors
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Use MEGA to build a
phylogenetic tree of CBF3
transcription factors
(Neighbour-Joining)
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A more convenient tool?
GCORN Plant

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

Query: AT4G25480

Species: Arabidopsis thaliana

Hits: 1
% Gene
% Gene search
Database Accession Species Locus ID cDD Gene name
L. K d Arabidopsi DREB1A; ATCBE3; C-
’ ERAE S AT4C25480 W  Npooerypo SHRMOEE ATyGos5480 237985 REPEAT BINDING
thaliana i

2. Species [Arabidopsis thaliana

3.  Submit L

Plant Physiology’ _

Gcorn plant: a database for retrieving functional and
evolutionary traits of plant genes

Yoshiyuki Ogata, Naohiro Kimura, Ryosuke Sano

42



Prediction of domains

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

CBF3 (216 aa)

MNSFSAFSEMFGSDYESSVSSGGDY IPTLASSCPKKPAGREKFRETRHP IYRGVRRRNSGEWVCEY
REPNKKTRIWLGTFQTAEMAARAHDVAALALRGRSACLNFADSAWRLRIPESTCAKDIQKAAAEAA
LAFQDEMCDATTDHGFDMEETLVEATYTAEQSENAFYMHDEAMFEMPSLLANMAEGMLLPLPSVQW
NHNHEVDGDDDDVSLWSY

Legend:
+ *
disulfide bridge active site other ‘ranges’ other sites

Please note that the graphical representations of domains displayed hereafter are for illustrative purposes only, and that their colors and shapes
For more information about how these graphical representations are constructed, go to htips://prosite.expasy.org/mydomains/.

hits by profiles: [1 hit (by 1 profile) on 1 sequence]
Upper case represents match positions, lower case insert positions, and the '-' symbol represents deletions relative to the matching profile.

1 100 200 300 400 500 600 700 800 900 1000
ruler:

CBF3 w (216 aa)
PS51032 AP2_ERF AP2/ERF domain profile -
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Prediction of DNA binding site

* http://biomine.cs.vcu.edu/servers/DRNApred/?tdsourcetag=s_pctim_aiomsg

DRNApred — DNA- and RNA-binding residues predictor

References | Materials | Help | Acknowledgments | Disclaimer | Biomine

DRNApred webserver

DRNApred is a server providing sequence based prediction of DNA- and RNA-binding residues.

Please follow the three steps below to make predictions:

1. Upload a file with protein sequences, or paste them into text area

Server accepts up to 100 (FASTA formated) protein sequences. Either upload a file or enter each protein in a new
line in the following text field (see Help for details):

Choose a file | No file chosen

>CBF3

MNSFSAFSEMFGSDYESSVSSGGDYIPTLASSCPKKPAGRKKFRETRHPIYRGVRRRNSGKWVCEVREPNKKTRIWLGTFQ
TAEMAARAHDVAALALRGRSACLNFADSAWRLRIPESTCAKDIQKAAAEAALAFQDEMCDATTDHGFDMEETLVEAIYTAE
QSENAFYMHDEAMFEMPSLLANMAEGMLLPLPSVQWNHNHEVDGDDDDVSLWSY
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Prediction of DNA binding site

* http://biomine.cs.vcu.edu/servers/DRNApred/?tdsourcetag=s_pctim_aiomsg

CBF3
Amino Acid
m
n

s
f

)

= ot T et DL (g o= 0 D e S Dg Hh B Dl bW

[o:]

OO0 mo»

probability DNA binary DNA

0

COLLLLLLLLLLLLLLLLLLLLLLLRELELELeLeeeee

3248
3890
3690
1564
2944
1026
1633
1187
1077
1145
1058
1204
1723
1814
2686
1474
1853
1405
1272
2521
1690
1619
1776
1596
1924
1332
1247
1137
0881
1004
1609
1406
1336
1139
3080

[T e Y e e e B e e Y e e Y e e Y e e e e I e N e e e e Y e Y e e e e e Y e e e e Y e Y e Y e Y e Y e}

probability RNA binary RNA

0

S s s e e e R S R SR SR R e S = S = S

0660
0560
0564
0560
0534
0439
0685
0497
0446
0499
0570
0561
0624
0717
0639
0622
0679
0649
0547
0643
0667
0655
0629
0641
0627
0582
0659
0568
0531
0604
0777
0724
0783
0775

0890

cCoOooooooOoOo o oo oo oo oo o oo oD oo ooo oo

Mutations of DNA binding
residues may change the
affinity and function of a
transcription factor.

45



Prot-Param

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

AEB MK E Mmber of amino acids: 216
s HF Ik Molecular weight: 24236.12
Fpl{f  Theoretical pI: 5. 08
Amino acid conpositiom: | CSV format
Ala (a) 27 12. 5%
Lrg (F) 14 6. 5%
Lan (M) B 3. T%
Lsp (D) 16 F. 9%
Cyz (C) B 2. 3%
REBBMR Gln () 5 5, 3%
Glu (E) 18 8. 3%
Glvy (G0 11 5. 1%
Hiz (H} & 2. 9%
Ile (I} & 2. 8%
Lea (L) 14 f. 5%
Ly= () 9 4. 2%
Met (M) 100 4. 6%
Phe (F) 10 4. 6%
Pro (P} a 4, 2%
Ser 130 19 g, 8%
Thr (T} 10 4. 6%
Trp (W 6 2. 3%
Tvr (¥) 6 2. 8%
Val (W) 9 4. 2%
Pyl (0) O 0. 0%
Sec (1N 1] 0, 0%
(B) 0 0. 0%
(Z) 0 0. 0%
)0 0. 0%

iE R g AR A

Total mmber of negatively charged residues (Asp + Glu): 33
Total mmber of positively charged residues (Arg + Ly=s): 23

Atomic composition }'\'ﬁ .}gﬂﬁk

Carbon C 1055
Hydrogen H 16156
Nitrogen i) 207
Qamrgen 0 331
Sulfur 3 15

Formla: CjgeeHigislbor0aaiSis 2 F X
Total mmber of atoms: 3313 % B F %
Extinction coefficients: lﬁ 7’6% &

Extinction coefficiemts are in wmits of M1 onl, at 280 nm measwred in water.

JEEY0
1.614, azsuming all pairas of Cyz residaezs form orstines

Ext. coefficient
Lbe 0.1% =1 /1)

36440
1.504, azauming all Cyz rezidues are reduced

Ext. coefficient
Lhe 0.1% (=1 gf1)

Estimated half-life: 3 3%
The N-terminal of the sequence considered iz M (Met).

The estimated half-life 1= 30 hours mammalizn reticuleocytes, in witro).

»20 hours (veast, in wiwo).

»10 hours (Escherichia coli, in wiwva).

Instability index: 44 & & K

The instability index (II) iz computed to be 53.99
Thiz claz=ifiez the protein az wmztahle.

Aliphatic index: 60,60 B85 7% 2 3K

Grand average of hydropathicity (GRAVY):

PERTE

-0. 488 46



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

ProtScale output for user_seguence
2

thob. [ Kyte & Doolittle
1.5 L

1 L
0.5

0
05 k

Score

1k
1.5 L

2 L
2.5 L

-3

50 100 150 200
Fosition

Analysis of hydrophilicity/hydrophobicity of CBF3
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SOPMA

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

18 28 3@ 4a 1o &a 7@

MHNSFSAFSEMPGSDYESSVSSGGDY IPTLASSCPKKPAGRKKFRETRHP IYRGYRRRNS GEWVCEVREPN

eee ecepe eeececctt
KKTRIWLGTFQTAEMAARAHDVALALAL RGRSACLNFADSAWRLRIPESTCAKDIQKAAAEAALAFQDEMC
1= hhhhhhhhhhhhhhhtt gEE hhhhhhhhhbhhRbkk

DATTDHGFDMEETLVEAIY TAEQSENAFYMHDEAMFEMPS LLANMAEGMLLP LPSVQWNHNHEVDGDDDD
hhhhhhhhhhhcchhhheehhhhhhhe chhhhhhhhhh

a-helix, H
B-turn, T
random coil, C
extended strand, E

158

VSLWSY

heeeee

SOPMA : I|||||||I|||I|||||I|III|I‘H||I|||I|||||||III||HH‘IIIIIII‘HHII|||||HHI|III‘HHHHHHH||III|H|||||III|||||||I‘mHHHHHHIIIIIIIIIIIII
Alpha helix (Hh) : 64 is 29.53% o0 100
319 helix (Geg) : @ is @8.88%
Pi helix (Ti) : @ is 8. Ba%
Beta bridge (Bb) : @ is 0. Ba%
Extended strand (Ee) : 27 is  12.58%
Beta turn (TE) : 4 is 1.385%
Bend region (5s) : 8 is 0. 0a%
Random coil (Cc) : 121 is 56.82%
Ambiguous states (?) @ is 2. ea%
Other states : @ is e.0ak

Prediction of secondary structure of CBF3 protein
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Swiss-Model

https://www.swissmodel.expasy.org/

Oligo-State © Ligands @ GMQE & QMEAN @
Monomer None 0.20 2525
Global Quality Estimate Local Quality Estimate Comparison A

avean [T T M 262
ce T W67

ogaror o Avaom T Tl 15 O — i
sowvation [IR. 1 . . Il -186

AS":C:;EM orsion T -1 Reside Nurser Protein Size (Resices)
Template  Seq Identity Coverage Description
5wx9.1.A 52.31% 1 Ethylene-responsive transcription factor ERF096 v
Model-Template Alignment Tl
fiModel 01 MNSFSAFSEMFGSDYESSVSSGGDYIPTLASSCPKKPAGRKKF RE TR EINREVRBRNECRAVCEVAEPNE - ETRINNEs 79
B L - — = —mm—mm s oo mm o oo CHYRGVHBREWEHIZEEI RO SRKECERVWLGT 44

Model 01 AR RNE VAR ARG RS A N EADSAWRIE= [ PESTCAKDI OKAAAEAALAFQDEMCDATT DEGFDMEETLVERTY 152

5wx‘3.1.1-\p: TREZAARAYDCALRY SR

Model 01| TAEQSENAFYMHDEAMFEMPSLLANMAEGMLLEFLPSVOWNENHEVDGDDDDVSLWSY 218
B9 1. Af--—-- - -

Prediction of tertiary structure of CBF3 protein
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Post-translational modification

Plant PTM Viewer

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

Sw

“Plant PTM Viewer

From site-seeing to protein function ©6

Arabidopsis thaliana: 100,623 PTMs in 41,409 proteins
Chlamydomonas reinhardtii : 17,064 PTMs in 5,324 proteins
Oryza sativa ssp. japonica : 56,606 PTMs in 19,500 proteins
Triticum aestivum : PTMs in 25,150 proteins

Zea mays : 143,869 PTMs in 37,099 proteins

50
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PSORT Il Prediction

https://psort.hgc.jp/

Results of the #~~-NN Prediction

k=9/23
47.8 %: cytoplasmic
30.4 %: nuclear
13.0 %: mitochondrial
4.3 %: cytoskeletal
4.3 %: vesicles of secretory system

>> prediction for QUERY is cyt (k=23)

Prediction of subcellular localization of CBF3
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STITCH & STRING

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

SIZ1

COR15B

Network of interactions between CBF3 and other proteins
52



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

——Theodosius Dobzhansky, 1973
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