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Background

What factors atfect the value of Lily?

Flower color Plant type and flower shape

Flower fragrance ~ Anthesis Resistance
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Fig. 1 The main parts of Lily
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Plant types and flower shapes
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Background

Based on the functional
annotation and gene expression
analyses of transcriptome
sequencing data in Lilium ‘Tiny
Padhye’, a unigene (>c117585 g2)
was 1dentified as a putative
anthocyanin-related WRKY unigene
(LhWRKY44), for which the
expression pattern was positively
correlated with those of anthocyanin
biosynthetic genes (Xu et al. 2017).




Background

» Anthocyanins are responsible for the pink, red and
purple pigmentation of fowers in Asiatic hybrid
lilies, synthesized at the cytoplasmic surface of the
endoplasmic reticulum and then transported to the
vacuole.

» To date, the molecular mechanisms underlying
these changes remain largely uncharacterized.

» How does WRKY TF participate in and regulate
anthocyanins?



WRKY family transcription factor
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WRKY family transcription factor
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Fig.2 The WRKY domain.
The WRKY motif is highlighted in yellow and the cysteines and histidines that form the zinc
finger are shown in blue. The four b-strands are shown in red. I CT and I NT denote the N-terminal
and C-terminal WRKY domains from Group I WRKY proteins. (Paul J et al , 2010)



WRKY family transcription factor

Q9XI90-WRKY4 ARATH ATI1GI13960

Fig. 3 Two views of a spacefill structural model of the C-terminal
WRKY domain from AtWRKY4
the WRKYGQK motif is shown in yellow and the cysteines and
histidines that form the zinc_x0002_binding pocket are shown in

blue (Paul J et al , 2010)



WRKY family transcription factor

WRKYGQK motif

CX,4.<CX,,,3HXH (C,H,)
CX,CX,,HXC (C,HC)

Fig. 4 Phylogenetic tree of the WRKY family in higher plants (Paul J et al , 201 0)
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Sequencecs Alignment analysis

» PlantTFDB
blastp

All species
LhWRKY44

Hit ID Description Score \El;lue
XP_010908965.1 Elaeis guineensis WRKY family protein 975 Eé
XP_010908962.1 Elaeis guineensis WRKY family protein 975 13_8
XP_010922488.1 Elaeis guineensis WRKY family protein 964 13_6
XP_010922486.1 Elaeis guineensis WRKY family protein 964 13_6
XP_010922487.1 Elaeis guineensis WRKY family protein 964 13_6
PDK_30s1053181g004 Phoenix dactylifera WRKY family protein I892 ﬁ;‘
FANhyb_rscf00001029.1.g00002.1 Fragaria x ananassa WRKY family protein 879 1?_3
mrnal8152.1-v1.0-hybrid Fragaria vesca WRKY family protein 873 1?_2
Pbro08278.1 Pyrus bretschneideri WRKY family protein 865 ﬁ_l
PDK_30s880731g006 Phoenix dactylifera WRKY family protein |857 ﬁ_l
XP_010908967.1 Elaeis guineensis WRKY family protein |853 ﬁb
XKP_010908966.1 Elaeis guineensis WRKY family protein |853 ﬁb
XP_008242045.1 Prunus mume WRKY family protein |857 ﬁb
Jerd502163.20 Jatropha curcas WRKY family protein |856 ﬁb

Fig. 5 Align sequences of LhWRKY44




Sequencecs Alignment analysis

NW Score Identities Positives Gaps
890 219/487(45%) 264/487(54%) 88/487(18%)
Query 1 i FEONN &
n FS N
Shict 1 MODAFEIVYAKPYASEPYSNLRSFSELLADANNASPYTSFAEATYTIRPETYRFEPSENL 60
Cuery T 33 T e R ) o I S ) R e o0 0 ¢ A 0 Y e e 4 3 =1
4F S5+D +SES + F S0 S S+ D +++V+TEP A+VVSRTTAS L +GH
Shict B1  ALAF-VSSLDNISESEVAFNISDEASTTISKADYETSVLYEPAARVVSETTASELANLGN 119
Quervy B6  -DICHQQPLEEQTQFQVPNQVH—————— QIQSTFDITONMPSDMLMNQVYEPNISESSN 117
D HQ P T QF ¥ o+Q T QN 2 + NN +7+F SN
> NCBI GlOb al Shjct 120 FDAGHONPA———TDVQAPYHVIGOEKHOFOLOPTLSCOONSFSHIDNNHITEP——— SN 171
. Query 118 LMAPNTELDNIR————- DRPSYDCYNWREYCOEQVECSEYPREYYECTHRICPYERNYE 171
qul_ (ilsJ' (11' :) + +TE D + DEPSYDGYNYREYGQEQVEGSE PRSYYECTHE CPVE+ VE
1£;I]_ ccC C Shijct 172 SYPESTEQDTREQPATGCDRPSYDEYNWREYCOKQOVECSECPRSYTECTHPNCPVEKEVE 231
Lh R Y 4 4 Query 172 RSIDCEIAEIVYECEHNHPEPOPPERLSSASOCOTSYASEQARETEEPLWSDLLIEENLS 231
W/ K - RS DG+IAEIVYEGEHNHFEPQPPKRLSS S0GQT v+ +F + FL 5 L+ N+5
Shict 232 RSFIGOIARIVYEGEHNHPKPOPPERLSSGS0GOTYYSEGHGKESDNFLESHHLYWGHYS 291
E g VV RK 1 Query 232 DSEMDGHIDVNFYGALDS-PEVOCSHDSLIGATYSSGIMAPDPSORLGADLEARSEGTYY 290
D +++  T+++ E  SHD +7+8 FD + EL E + +
Shjct 292 DGOVEEGIEISLPDTTSFLGEAYFSHDPPFATSYNSYARNPDSAGELSCASEFGNATAST 351
Query 291 DDCLHRSKRRENLNLDSEACASENITAELHSYFOAPTESDVSADCFRWREYCOEVVECHS 250
D+ FEEN N S 4G4 4F HE 0  ESDVS DGF WREYGOEVVEGN
Shjct 2352 DNDEPNTHNRRENENQVSCACAVMECYAEPHSATOTMYESDVSCDCFHWREYCOEVVEGNL 411
Query 2551 YPRCYYRCTSPECSYREYVERASCDTRSFYTTYEGEHDHDEPEKEYDL-————————— MHE 401
YPR YYRCT+P C+VREEYVE+AS D+ SFYTTYEGKEH+H F EE +L ++
Shijct 412 YPRSYYRCTTPNCHVEEYVEEASDDSGSFVITYEGEHNHALFPAKKTNLAASDPDAVALNN 471
Query 402 HNERELG 407
+ L
Shjct 472 SEHNLNT 478

Fig. 6 Align two sequences of LhWRKY44 and EgWRKY



Arabidopeis thaliana
Lilium

Sequencecs Alignment analysis

HEVNDGERVWIAREVASRE3355GERTETELLTD SVTVSRCTICHEIVI ARIRERTLRENCEVALS
MESCHNE

Elaeis qUimEeTELs
Phoenix dfctylifera

HQEEEEI??AKP?HSRPY..SNLESESELLEEBHNRSP.YTSFHERT?TIHPET?HEEPEPHAR\
MODAERTAARRENASREYN, SNLRSESELLADAMNASE ATSFARATVAIREKTLREREEPHAL

Fragaria x ananasaa
Fragaria vesca

Pyrus bretachneiderl
Prunus mume

Jatropha curcas
Consensus

b, -

WCIREAERVNIAREVATRETC. S5ERSFTELLTGAICAARSHVSSETAVEAIRERTVREKETANAE
MCLNVMVEEERGLELEGHSEDCELRLECKPLRENTHVENYTITQLLIMD TKERERVY IAKEVATRETC . SSERSETELLTGAITAAR SHVSSETAVEAIRERTVREKE TANAE
HCIRERERVVIAREVASRETC, STERSEFTELLAGRICASESNV35ATAVIAIRERTVRERELVNAA
WCIREAERVNIAKEVASRETC.S5ERSFTELLAGAILASESNISSETAVEAIRERTVREKETVNAA
MEIKERERVNIAREVASREIC, SNFRSESELLAGRINVER  NICSETTVEAIRERTVRERENTNRA

Fig. 7 Multiple WRKY sequence alignment
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Sequencecs Alignment analysis

NW Score Identities Positives Gaps
1122 254/487( 5200 305/487(6290% 34,487 (5%

Cuery 1 MHDEEETAYARPYATREPY SEFEEF SDFLAGATDASPTDELAETTVAIRPFETVEFNESQNN B0
M D+EEI WAEPYA+EPYE+ REEFGS+ LA A++45F 5 4K TV IRFETVEF 5 N
shjct 1 MODARETVYAKFVASRPY SNLESF SELLADANN A SFVTEFARATVTIEFETVEFEPEFNLE B0

Cuery 61  PPARPASEMDTVEESFI-FRESDNLEIPTSEEDEREEVIVEPMAEYVYERTTASLLAKMCGN 119
AR E5+D +3E5 + F 5D 5 5+ D H+EVHYEP A+VVERTTAS Lio +GH
Sbjct Bl ALAR-WEELDNIGZESEVAFNISDEASTTISEADYETSVLYEPAARVVERTTASRELANLGN 1159

Cuery 120 -EICHOQPLEEQTOFQVFDOVN-——————— HEQETFDIVONMEEDMLMNOVYEFNIEESSN 171
+ HOF T F ¥ BT QN 5+ NN +7+F SH
sbjct 120 FDAGHONFPA-———TDVOAPVHVIGOEEHOFOLOFTLECOONEF SHIDMNHIYEP———— s 171

Cuery 172 LMAPNTDLDNIR-————— DRPEYDGYNWREYGOEQVEGEEYPREYYECTHPICEFVEEMVE 225
+ +T+ D + DRPEYDGYNWEETCREQVEGSE PREYYECTHP CEVE+ VE
Sbjct 172 EYPESTEQDTEEQPATGGDRPEYDGYNWREEYGOEQVEGSECPREYYECTHPNCEFVEEEVE 251

Cuery Z:Z6 REIDCGEIARIVYEGEONHPEPOPPERLEEL4SQCGOTEVASEQAREIREPLWEDLLIEENLE 285
RS DG+IARTYYEGEHNHPEPQFFERLEE SQGUT W+ +E + FL 5 L+ N+3
Sbjct 232 REFDGOIARIVYECGEONHPEPOPPEELSEGEQGOTYYSECGHCEESDNPLESHHLYWCNVES 291

Cuery 286 DERMDGHIDWNFYGALDS-FEVQCSHDSLICGATYSSCINAPDPSORLCGADLEARSECTYY 344
D +++  I+++ E  ZHD +i+E FD' + EL E + +
Sbjct 292 DGOVEEGIEISLPDTTSFLGEAYFEHDPPRATSYNSVARNFDSAGRLEGASEFCGNATAST 551

Cuery 345 DDGLHESEREENLNLDEEAGASENITAELHSVFOQAPTEEDVEADGFREWREEYCGOEVVECGNES 404
D+ EEEN H 5 AGA AR HE @ EsDVE DGF WEEYGLOEVVEGH
sbjct 352 DHDEPNYNRRENENOVEGAGAVNEGVARPHEATOTMYESDVECDCFHWEEYGOEVVEGNL 411

Cuery 405 YPRCYYRCTSPECEVREYVERASCDTREFVTTYEGEHDHDEPEEEVDL————————— MHE 455
TFR YYRCT+F C+VEEYVE+AS D+ EFVTTYEGEH+H F EE +L ++
Sbjct 412 YPREYYRCTTENCHNVEEYVEEASDDEGEFVTTYECEHNHALFPAEETNLAASDPDAVALNN 471

Cuery 456 NERELG 481
+ L
sbjct 472 SREHNLNT 478

Fig. 8 Align two sequences of LhLWRKY44 and EgWRKY



Sequencecs Alignment analysis

Brabidopsis thaliana MEUNNEIRYY RIS ke o < o CERTRTRI 14 TTCER TUT L 2R
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Fig. 9 Multiple WRKY sequence alignment
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Blast Result

Sequencecs Alignment analysis
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Sequence Analysis

» NCBI ORF Finder (https://www.ncbi.nlm.nih.gov/orffinder/,

(7] GRFfindE?_‘_IE. 18,1851837 TR va
T (RFe  OFF: | —o—
R < DGR < [ BEEE BEEEEEc: B s | o
ore I 04 I
- U I 07F14

| o0 | [ MmD [0 (B8 [TeR  f@0 [ K (L0 (1200 [L3@ 400|150 [te| Lm0 La

LhWRKY44 contains a 1386-bp open reading frame and
encodes a protein of 461 amino acid residues



Sequence Analysis

» NCBI CDD (https://www.ncbi.nlm.nih.gov/cdd/?term=)

1 T8 15 Fiel A0 1]

Huery seq,

Specific hits
Superfanilies MBIY superfard 1y MRKY superfanily

The predicted LhWRKY44 protein contains two typical
WRKY domains, which include two WRKY GQK motifs .




Sequence Analysis

Two WRKYGQK motifs

distributed between amino acids
193 and 199, 392 and 398.

One C2-H2 zinc finger motif,
which 1s hallmarks of class I
WRKY transcription factor.

Fig. 10 Full-length CDS and predicted amino
acid sequences of LhWRKY44
the amino acids highlignted are WRKYGQK
conserved domains, the amino acids underlined is
C,-H, zinc finger.
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Sequence Analysis

Two WRKYGQK motifs
distributed between amino acids
193 and 199, 392 and 398.

One C2-H2 zinc finger motif,
which 1s hallmarks of class I
WRKY transcription factor.
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acid sequences of LhWRKY44

the amino acids highlignted are WRKYGQK
conserved domains, the amino acids underlined i

C,-H, zinc finger.
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Phylogenetic tree

» PlantTFDB(http://planttfdb.gao-lab.org/index.php)

Browse by Family

AP2 (4461) ARF (4578) ARR-B (2354) B3 (10609) BBR-BPC (1256)
BES1 (1549) C2H2 (17740) C3H (9693) CAMTA (1343) CO-like (2125)
CPP (1612) DBB (1651) Dof (5655) F2F/DP (1781) FIL (1234)
FRF (21129) FARL (7527) G2-like (9874) GATA (5335) GRAS (9304)
GRF (1876) GeBP (1564) HB-PHD (477) HB-other (2277) HD-ZIP (8602)
HRT-like (249) HSF (4574) LBD (7216) | FY (253) 1SD (957)
M-type_MADS (7541) | MIKC_MADS (6918) MYB (22032) MYB_related (15369) NAC (19997)
NF-X1 (403) NF-YA (2461) NF-YB (3099) NF-YC (2446) NZZ/SPL (109)
Nin-like (2766) RAV (690) S1Fa-like (359) SAP (164) SBP (4168)
SRS (1327) STAT (214) TALE (4433) TCP (4187) Trihelix (6256)
VOZ (635) WOX (2358) WRKY (14549) Whirly (530) YABBY (1719)
ZF-HD (2589) bHLH (28698) bZIP (15498)

> TA

(https://www.arabidopsis.org/index.jsp)



Phylogenetic tree

Distribution of WRKY family in different species
(G)-species with genome sequence

Actinidia chinensis (G) N 106
Aegilops tauschii (G) NN o2
Aethionema arabicum (G) NN 55
Amaranthus hypochondriacus (G) NG 54
fAmborel la trichopoda (G) N 32
Ananas comosus (G) NN 56
Aguilegia coerulea {(G) NN s5:
Arabidopsis halleri (G) NN o
Arabidopsis lyrata (G) NGNS 79
Arabis alpina (G) NN 53
Arachis duranensis (G) NG &7
fArachis hupogaeca I 28
Arachis ipaensis (G) NN 5
Artemisia annua I 56

WRKY Family Introduction

WRKY transcription factors are one of the largest families of transcriptional regulators in plants and form integral parts
of signalling webs that modulate many plant processes. Here, we review recent significant progress in WRKY
transcription factor research. New findings illustrate that WRKY proteins often act as repressors as well as activators,



Phylogenetic tree

Arabidopsis thaliana WRKY Family

WRKY Family Introduction
Download Sequences

Multiple Sequences Alignment
Phylogenetic Tree

AT1G13960.1 WRKY DNA-binding protein 4
AT1G13960.2 WRKY DNA-binding protein 4
ATAEAaa~n 4 WDKEY MMA _hindina mratasin &1

Transcription Factor Information

Basic Information | Signature Domain | Sequence | Protein Features | 3D Structure | Gene Ontology | Plant
Ontology | Expression | Function | Cis-element | Regulation | Interaction | Phenotype | Orthologous Group |

Publication
TF ID AT2G37260.1
Common Name ATWRKY44, DSL1, F3G5.5, TTG2, WRKY44
Organism Arabidopsis thaliana
Taxonomic ID 3702




Phylogenetic tree

1TOL (https://itol.embl.de/1tol.cg1)
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Fig. 12 Phylogenetic tree analysis of LhlWRKY44



=l

Phylogenetic tree

100 —— Pyrus bretschneider E[;Flg

Prunus mume *ﬂi

100

100

Fragaria x ananassa

Jatropha curcas f[
Lilum  H4&

a9 Elaeis guineensis /Hﬂ‘%
100 Phoenix dactylifera {55

Arabidopsis thaliana Mﬁeﬁf\

Triticum aestivum /J\%

20

100 Zea mays E}K
35 Oryza sativa 7K %

Fig. 13 Phylogenetic tree analysis of LhlWRKY 44



Subcellular localization

»PSORT (https://psort.hgc.jp/)
» Lhwrky44 is most likely located in the nucleus.

Table 1 Subcellar location prediction of LhWRKY44

Nucleus 88.1029%
Vacular membane 11.8971%



Motifs Prediction
MEME(http://meme-suite.org/tools/meme)
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Primer Design

Primer Design - The online primer design tool at
BioWeb.

Primer Blast - NCBI primer design tool with Blast
search.

Web Primer - Online primer design tool at the yeast
genome database.

Snapgene

Primer Premier 5.0
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Primer Design
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1. XulL, Yang P, Feng Y, et al. Spatiotemporal Transcriptome Analysis Provides
Insights into Bicolor Tepal Development in Lilium "Tiny Padhye". Front
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*Thanks to the photos provider Pro.Wang in 11th slide .
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