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Ethylene

RTET receptors

EIN2: a central component
the first positive regulator
the biochemical mechanism X

the subcellular localization X

’w \/ \ (EIN5 . EIN3: a plant-specific primary TF
. . W the downstream of EiN2

the EILS(EINS3 like) family

Ethylene regulated gene expression

* HJ Li and HW Guo, 2007

Ethylene responses



Part I---EIN3



NO. Name TAIR ID RefSeqID Ex  GenPet ID L(ad Gene ID
1 AtEIL] AT2G27050.1 NM_128263 .4 2 NP_1802731] 584 817247
2 AtEIL2 ATIGI1120.] NMB_1221202 1 NP_197611.1 518 832237
3 AtEIL3 AT1GT37301 NM_106032.4 3 NP_177514 567 843708
4 AtEIL4 AT3G10120.] NM_1210350.1 | NP_196574.1 471 830876
3 AtEILS ATIG63100.1 NM_123909.1 1 NP_201313.1 537 836634
6 AtEIN3 AT3G20770.1 NM_1129685 2 NP_188713.1 628 821623
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EIL1
EIN3

EIL family shares high identical sequences in N terminal; more, EIN3&EIL1,
EILA&EILS have higher identity.



EIN3
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Ert1 ElL4
I EIL1 EIL? EIL3 EIL4 EILS5 EIN3
g
EIL1 38.9% 41.4% 36.5% 37.0% ( EE.E%E
EIL? 49 .29 34.99% 33,39 3379 37 8%
EIL3 52.4% | 47.2% 35.7% 34.9% 40.8%
EIL4 46.7% | 43.1% 47.9% (56.4%) | 35.1%
~S———
EIL5 47 0% 43 4% 45 2% 0\153.1% 1520
EIN3 73.7%) | 46.6% 50.7% 45.9% 45.8%
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SECTION III: ANNOTATED SEQUENCES




Clue on:

o Study of EIL1 function via investigation of
EINS;

e Our strategy Is to study EIN3 first!



We have known

Length Shromosome

[ ] st4as 2 (micdts)
Kerich
| | 628 83 2 (mickie)

! 52088 5 {mickie)

Qimin Chao.
| s6Tan  1botomy CELL (89), 27 June 1997

Kazuhiko Yamasaki et al.
J. Mol. Biol. (2005) 348, 253-264

EIL3-DBDw



Homology-modeling —swissmodel




Peptide---swiss-prot annotation

38-68: 533-583:

 Number of amino  Number of amino
acids: 31 acids: 51

« Arg(R) 5 16.1% e Asn(N) 22 43.1%

e Lys(K) 3 9.7%



Modification site prediction



~enhAarmsdatinn cita nradiArtiAan Al AD
UDIJIIUI IALIVUIT1 SILT IJICUIbLIU | \IJ ar
Position Score Sequence Profile

93 1.07 VDAAKQRQSQEQARRKKMSRAQDG I LKYMLKMMEVCKAQGFY |  1.23

273 1.11 VIKHMFPDIAKI RKLVRQSKCLQDKMTAKESATWLA| INQEE 1.45

416 0.13 ENLGCAHSEISRGFLDRNSRDNHQLACPHRDSRLPYGAAPSR 0.82

429 1.19 FLDRNSRDNHQLACPHRDSRLPYGAAPSRFHVNEVKPVVGFP 142




Phoscan:predicted phosphorylation
sites by consensus sequences:

name Kinase site sequence
>EIN3 PDHK S325 C[S]QYDVE
>EIN3 PDHK S483 M[S]IMYDRN
>EIN3 CaM2 1564 VEKFDI[T]JAD




EELKPEK |344 [1.256 |0.130 |Typel: € €-K-X-E




EIN3-p53 In plants?



Dotmatcher: EIN3 vs. p53

Dotmatcher: EINZARATH ws NE-OOO53T7 .2

[windowsize = 13, threshold = 1000 14,0808

,f;/;, A

T

-l_.-"

ol -7 L
ki L IANel
E 1513"; ff:ff
s A S e
g zﬂclf//f/’x; ,f’f,,;/;:f
s ff’ﬁffff ;;E{,f
g 77 s fi2d
= 1-:|D"; - *ii:}f,?j’

% L E AL

50 i/,{f/%f > /. T

; s f’jf/ff}/;:"f

T T
A 100 290 A0 40 =0 B4I0

EINS-ARATH



F53—-61-90

N\

Dotmoatcher: EINI—428—-400 v PHA—-61—490

Cwindowsize = 13, thresheld = 500 14,/06,08]

21

11

24 e 44
EINS—428—4490



p53 feature table

REGION 66 110 45 Interaction with WWOX

What 1s WWQOX?

"WWOX, the FRA16D gene, behaves as a
suppressor of tumor growth.";
Cancer Res. 61:8068-8073(2001).




Analysis of microarray data



Kobas for microarray data

» Microarray
Air/Ethylene treatment
» Microarray data normalization

» Set threshold and select the differently
expressed genes



KOBAS

» Get the sequence from Tair database
(www.arabidopsis.org)

» Upload sequences of gene list to KOBAS

v' KO annotation
v'Analysis with KOBAS




€ KOBAS: KO-Based Annotation System - Windows Internet Explorer

Ld

@O 7 |g, http://kobas.chi.pku.edu.cn:8080/program.run.do v|¢ﬂ ¥ |. Google b v‘
B &®8E0 BBV HE=R IED #8H & v
W [@ KOBAS: KO-Based Annotation System ]_I @ - g]’_ﬁ@ -

Pathway identification
Advanced KOBAS

Login (free registration)

IJser Space

Analysis history

Tutorial

Feedback

Summary

Red bar is for query gene set, green bar is for background gene set.

PATHWAY COUNT AND RATIO P-VALUE Q-VALUE
Transcription factors E:;:;;;i% 0.000445879322175 | 0.00945087104376
Phenylalaning metabolism |IT2 jzgg: 0.00167363134956 | 0.0128252766034
Methane metabolism II?g j ;Eg: 0.00181523764704 | 0.0128252766034
Other enzymes :;i:;ig;% 0.00247881767120 | 0.0131352728122
Axon quidance |I: : 02;3'?:: 0.00945269586641 0.0400719231444
Metabolism of xenobiotics by c |3al 3.45% 0.0181315018772 0.0640526399367
ytochrome P450 |19/ 0.63%

Valing, Ieut_:me and isoleucin |3al 3.45% 0.023503536687 0.0711633064634
e degradation |21 70, 70%

Tetracycline biosynthesis “ j ;;:: 0.0285600510065 0.0756699586754
Phenylpropanoid biosynthesis |l195r5 1%3;‘;1 0.0357375124592 0.0841650278342

m

(g €@ Internet | FRiriEE: BA

# 100%
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Ethylene-induced transcription
factors

AT3G25730. 1 Symbols: AT1G18570. 1 Symbols: AtMYB51, BW51A, BW51B, MYB51
AT3G53200. 1 Symbols: AtMYB27
AT2G36890. 1 Symbols: RAX2, MYB38, ATMYB3S
AT2G47460. 1 Symbols: MYB12, ATMYB12
AT1G43160. 1 Symbols: RAP2.6 ATAG17500.1  Symbols: ACERF-D)
AT1G28370. 1 Symbols: ERF11, ATERF11 AT16074650. 1 Symbols: AtY13, AtMYBSI
AT4G17785. 1 Symbols: MYB39
AT3614930. 1 Symbols: RAPZ. 2 AT1G06180. 1 Symbols: AtMYBlfgn, AtMYB13, ATMYBI3
AT2G36890. 1 Symbols: RAX2, MYB38, ATMYB3S AT5G06960. 1 Symbols: TGA5, OBF5
AT5G47220. 1 Symbols: ATERF2, ATERF-2, ERF2
AT2G31180. 1 Symbols: AtMYB14, Mybl4at
AT1G36060. 1 Symbols
AT1G25560. 1 Symbols: AT3G50060. 1 Symbols: MYB77
AT5G44210. 1 Symbols: ERF9, ATERF9, ATERF-9 AT4G40060. 1 Symbols: ATHB16. ATHB-16
AT1G68840. 1 Symbols: RAP2.8, RAV2
AT4G32730. 1 Symbols: PC-MYB1, ATMYB3RI, MYB3R-1, ATMYB3R-1
AT5G53980. 1 Symbols: ATHB52
AT3G16770. 1 Symbols: RAP2.3, ATEBP, ERF72 AT3G14230. 1 Symbols: RAP2.2

AT3623240. 1 Symbols: ATERF 1’ AT3G16770. 1 Symbols: RAP2.3, ATEBP, ERF72



Ethylene-repressed transcription
factors

AT5G65790. 1 Symbols: ATMYB68, MYB68
AT5G65310. 1 Symbols: ATHB-5, ATHB5
AT4G37750. 1 Symbols: DRG, CKC, CKC1, ANT
AT5G15310. 1 Symbols: AtMYB16, AtMIXTA
AT5G15150. 1 Symbols: HAT7, ATHB3, ATHB-3
AT5G60890. 1 Symbols: ATMYB34, ATR1, MYB34
AT2G22430. 1 Symbols: ATHB6

AT5G16600. 1 Symbols: AtMYB43, MYB43
AT3G61890. 1 Symbols: ATHB12, ATHB-12

AT2G46270. 1 Symbols: GBF3



Part 1---EIN2



EINZ2 gene structure display
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EIN2 gene has 7 exons ,1294 aa.
N-terminal 461aa hydrophobicity,

12 transmembrane helices
C-terminal 833 aa hydrophilic.
biochemical mechanism X

subcellular localization X



EXPASY----BLAST

Hatches on query sequence

SLIIJH].SSJ.DI'I I.? 1 1 1 1 1 1 1 1 1

1 KOO 1000

EIN2_ARATH

ASCHKI_VITYI
Q6v397_FETHY
B6H2C1_50LLC
2286K9_50LLC
B6TJYB_0RYS.)
96448 _HALSE
g808I9_0RYS5.
Q69918 _0RY 5.1
H18EG4_ORYS5.)
AZYIA9_ORYST
gaD8I7_ORYS.
g690L2_0RY 5.
Q2HYG3_FEUFE
g67128_0RYS5.)
A353T1_50LLC
A7PTAG6_VITYI
HEERBE_DR?S%

- W1
A9TE28_FHYPA
A957LA_FHYPFA
A2AL23_0RYSI
ASTE8S_CHLRE
aai1uua_soOLUE
B2EH76_9BACT
A25ECE_HETFF
A4YHAG_BRASO
221418 _EHOFB
ASU7TI_9LACT
ASEE.12_BRASH
B1G9Y2_9BURK

. . 1 1 1 1
Subnission _5-5':—5;:-5—%—3-:2—?_
m %% Low-conplexity regions
] masked by SEG
Tdentity a 25 50 Fii 1884
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NJ tree

Clustering
o e e VVEINZ -
+956. 0—
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MEME-Conserved domain

BN SUMMARY OF MOTIFS

Combined block diagrams: non-overlapping sites with p-value < 0.0001

Combined

g Motifs

Name

EIN2_At | 0.00e+00 5

EN2_0: 0.00e+00 e -~ 5

EmN2_vv | 0.00e+00 = ENIN - 5

EIN2 Tm | 0.00e+00 5
N2 T 0.00e+00 N -

EIN2_Zm 0.00e+00 5 E i T
s

B2 P | 0.00e+00 T - 5

ALE T A T T T
‘SC 400 425 4350

|
‘l 25 30 75 100 125 150 175 200 225 250 275 300 325 350 375

475

500 525

View motif summary ‘Motif v in hi dable format.
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‘ Name Motifs

Combined
value

EIN2_Phpro |1.71e-299 -GN 5 - 1

EIE
EIN2_Tuno | 4.24c-300 — NG ENEEN - 5 - 1 (82
EIN2_Vvpro |1.81e-264 - 10 —— NG — IR EE — 1

EIN2_Zmpro 6.77e-193 |—— {60 — ENEEEE — IER 1 - |

EIN2_Ospro |1.77e-213 1
EIN2_Ospro | — - - -2 |

EIN2_Atpro | 168e-260 1 10 -
EIN2_Atpro | e 3 7]
|

Minimum width: 10
Maxmum width: 80

Maximum number
of motifs: 10



Seven conserved domains--SMART

) 1, 15_80 Domains within the query sequence of 535 residues

. 2. 115-360
. 3, 480-535 |||||||IIIII
e 4, 790-840

. 5, 850-980

. 6, 985-1105

. 7,1115-1280

1 'IDD EDD




probability

TMHMM posterior probabilities for EIN2_At

THpred output for EINZ
soee T T T T T
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94 CHFLGIQAEFSATLLDLTMVVGY 116 SECONDARY | 23
124 FGVELSTGVFLAANDAFLFPVFA 146 FRIMARY 23
156 TVSITSAGLVLLLYVSGVLLER 177 FRIMARY 22
236 DHLFATFGVE SGLSLVITVLMNA 258 SECOMDARY | 23
283 VEMSFLIPYVFLMLLFFSSQITA 305 FRIMARY 23
355 OLLIFTQVLVANMMLPCSVIPLFR 377 FRIMARY 23
395 EFLALTTFLGFLGLNVVFVVENY 417 FRINARY 23
440 TTLLVSSCASLCLILWLAATPLE 462 FRIMARY 23
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o BT AT BT R
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a |
n
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- —1 F n This amino acid sequence is of a MEMBRANE PROTEIN
_g which have 10 transmembrane helices.
a 2
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extracellular
{lunen)

ytosol

| : Predicted TM helix by Phobius.

1L

| I : Logically inserted TM helix.
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Sequence ID = AtEIN2, LENGTH = 1294
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| TM Segment -
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Seven conserved domains--SMART

) 1, 15_80 Domains within the query sequence of 535 residues

. 2. 115-360
. 3, 480-535 |||||||IIIII
e 4, 790-840

. 5, 850-980

. 6, 985-1105

. 7,1115-1280

1 'IDD EDD




Simple

. SMART MODE: |
FE g Modular
. ) : 5 W i) Bt i - = HORMAL ﬂ.rchitedure

5nh|.|lz=-t&l {:.f:'Elch I'\.br.l‘ Acad. Zoi U.:uﬂ..'}& EBET-EB04
Le‘t r'||::=-ta.| ! 2 T[I[I|

Domains within Arabidopsis thaliana protein EIN2_ARATH (Q95814)

Ethylene-insensitive protein 2

Q Localizome

IH l.?ﬁﬂ lﬁHH li'ﬁﬂ llHHH |125l] |15l]ﬂ

W (1794 residues]

ranp (48 = 392)

W sicnal sequence
[ Transnenbrane Domain



Sequence character---WEBLOGO
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PredictNLS Online

Results Page: GVAERNGAVGEELRNRSNEL
* Memschepaiomwhle ey bengpocesed. = DIGYDEELIDRVAARENFIYE

s Waiting times could be as moch as a 3-4 minutes m the

» Help on inerpretation of resuts CIHRVLDLSLMESRPELWGK

The results will be emailed to addy T S LN GM L. FPRAEPAREGECTT
Input Sequence (NLS's in }EFIIT}T-."REGI_EEI{EE}T*'Pv me L:'HE mﬂm

Red) FARTICOYVARRTEVVTGHH
N VL STV L A AN P F VA LN e AN TV S TY SAGIVLELT Y VSV SOSEY
B SN Y L TR LN CE S A A LN L L A Y PN Y TH S Y FACES TS5 5DVDESSLCODHLFA
IV E G S VY VLM A A A FH T G LV LT FHOA LS IMEOVIFN S PLIPWWEFLHMLLEFS
ST TR ANA G EEVV L D LI P ANLHRAT IRILAVAFALYCVWI SCADGIYOLLIFT
YLV AL P SV I PL R LA SR THCVHR I POVGEFLALTTFLGFLGLNVVEVVEMVEGS
SDWAGELANNIVHGI S IO T LV IS CAS L LI LN LAATPLE SASNRAE AQ TWHHDAGHA
LSYPSVOEEE TERTETRRNEE S TVRLE SEVEDOL. DT TSV SSVYDLPENTIMTIOETRS
SPPEERELDVEY ST SOVS LRE DS IVEEQSVLOSIVVNEVSDEDLIVETEMAK TEFMS PV
ERTVENENNSEF IER DY B SHE TEE AT AR FT SN FTVES DG PPSFRS LAGECLSGTESL
SRLOGLGRARMRAHT.SAY NF FWEHLYDFHGOLVAF AR AT NOL FETDORKSASSHMEANSE
DI S S Y M S P T AR DS T S LY DS LR T PGS I DS LY GLORGS SPSFLVHREOHL
GRYGNITHNNHA Y S ERR Y SO LA S S EGNEROQU P AT VHEYOMRD T VIR LARKERLEAL
QESRGEIFT RSN GT LI YT LA L AL NG LT PGPAPGIENFAGSRESISROSERSY
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Prediction of Subcellular Localization

psrt M >

First candidate second candidate
No. Sequence label _ _ _ _ RI (1-10)
Predicted location | SVM score |Predicted location| SVN score
1 |EINZ At secretory_pathway [0, 152050575 nucleus or cytosol |0, 08611442 1
Prediction Result of Protein AtEIN2
BarChart |v | | Class Probabili -
Protein Hame = AtEINZ
0.6 Cytosol 0.00182 - - - - - -
- —— Predicted Localization Site = Plastid
s B 0.00365 Prediction Confidence = 0. 360178
0.4 Golgi CGLEGIEN] ocalization Sites Predict Probability
Mitochondria 0.04260 |Cytaosol 0, 001825973
P Nucleus 0.00217 |gR 0. 0294178
0.2 PepREon 0:00300 gt racellular 0. 00365266
PM 0.22450 -
o Golgl 0. DD900ETE
0.1 0.58468 :
i s e Nitochondria 0. 04Z608R
Mucleus 0, 00217062
Cytosol Extracellular Mitochondria Peroxisome Plastid
ER Golgi Nucleus PM Vacuole FEI’I:IK:‘LSI:IITIE I:]. 00360388
= 0. 224504
SLPFA 0. 584682
e 0. D3EL3EEE
No. Sequence label t candidate Seco candidate

1 EINZ At Nuclear or cytosoliclother) —> SVN score=0. 349209 Mitochondrial (mlF) —» SWN score=0. 0BYZ3E




Results of your SherlLoc query

ID Predicted Location Score

Seq 1 0.42

RESULTS:
# Sequence Subcellular localization(human protein) Subcellular localization{eukaryotic protein)

1 }EIHE_}'—K Extracellular



Conclusion

EIN3

Clustering

Modification site prediction

EIN3 vs. p33

Microarray data analysis using KOBAS
EIN2

Conserved domains---- Biological Function
Sequence motif------ Subcellular localization



Future work

 EIN3

— Creation of point mutations;
— Downstream responses (KOBAS);

— Protein-protein interaction (conservative
domains);

e EIN2
— C-terminal conserved domains;
— Localization;
— lon channel;
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