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Figure S1. Phylogenetic analysis of NGATHA family in dicot plants. The
phylogenetic tree was constructed using neighbor-joining (NJ) method with
1000 bootstrap replications in MEGA 11. The NGATHA proteins are divided
into distinct families into Brassicaceae, Solanaceae and other dicot species. The
symbols are represented to each of the NGATHA proteins as follows. @ NGAI,

NGA2,® NGA3, ® NGA4, ® NGA5,  NGA-Likel, NGA-Like2,  NGA-
Like3
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Figure S2. Phylogenetic analysis of NGATHA family in monocot plants. The
phylogenetic tree was constructed using neighbor-joining (NJ) method with
1000 bootstrap replications in MEGA 11.The NGATHA proteins are divided into
distinct subfamilies with five NGA proteins and NGA-Like proteins. The

symbols are represented to each of the NGATHA proteins as follows. ® NGAI,

NGA2, ® NGA3, ® NGA4, ® NGAS5 B NGA-Likel, NGA-Like2,
B NGA-Like3

NGA1



3a

3b

AtHGAL
ALHGARZ
ALHGA3
ALHGAR4
Consensus

1 10 20 30 40 Iil) 60 70 80 9
|
HHTDLSLTRDEDEEEAKPLAEEEGA--——-——-——--—— RIFFADREHHFDKYYTPSDYGKLHNRLYIPKOHAERFFPLDSSS5~
HHOEDKEKPITEERSSS==========mux Hig-==REHHFDKYVTPSDVGKLHRLYIPKAHAERYFPLONSTT
HDLSLAPTTTTSSODOEADRODEL TSHIGASSSSGP SGHHNNL PHHHIRPPEKEHHFDEYYTPSDVGKLHRLYIPKAHRERYFPLOSSH-
HNISTHHLOOEL-AEIRASSSDHTH======== YFYESERREHHFDKYLTPSDYGKLNRLYIPKOHAENFFPLE-=D-

91 100 110 120 130 140 150 160 170 180
| |
-HEKGLLLHFEDLTGKSHRFRYSYHNSSO5YYHTKGHSRFYKDKKLDAGDIYSFORCY———-—— GDSGROSRLFIDHRRRPRYP—————-
DSHKGLLLHFEDRSGHSHRFRYSYHHSSOSYVHTKGHSRFYKDKKLDAGDIVSFOR————————-| DSCHKDKLYIDHRRRPRIP-————-
=~HOHGTLLHFQDRNGKHHRFRYSYHHSSOS5YYHTKGHSRFYKEKKLOAGDTVSFARGT====== GDESERSKL YIDHRHRPQHSLYOAHO

=HONGTYLOFQDKNGKHHRFRYSYHHSSOSYYHTKGHSRFYKEKKLFAGDTYSFYRGYIPDDNAQPERRRKIHF IDHRFRAJINFY-~HN
n#nGt1L#F #0rnGknHRFRYSYHHSSOSYYHTKGHSRFYK #KKLJAGDiYSFqRe. . . . . . cgde . rrsk$ZI0HR . Fpfi. .v. . h.

AtHGAL
ALHGAR2
ALHGA3
ALHGAR4
Conzensus

181 190 200 210 220 230 240 250 260

|

=-DHPHFA-AGANFP-—--RFYSFPSTHYSLYHHOQORHHHSGG--——————-- GYNYHOIPREFGYGYFYRS-YDORKHPAARA
~DHHHAAOF AGAHFP-—--RFY TFPHPOHPT-HYETHHL YH-—————————————-| RFHO--RDLGIGYYVYRS-HE-RSHPTR-

FGHFGFHFHFPTTSAYSHRFHPLPEYHSYPTHRGLHIGHHURSYYNTARABEF ¥YGYGYGHLA--~GRCYYTGSPLDHR--~HIV
INHHNFYFGSPTYP--TARFYPYTPEYSHPYRSFPPFYOND-~-—- FOEREYLGYGYGRYYNGHGYRYYAGSPLDAHHOHNLG

AtHGAL
ALHGA2
ALHGA3
ALHGAR4
Conzensus

ALHGAL
ALHGA2
ALHGA3
ALHGR4
Conzensus

ALHGAL
ALHGA2
ALHGAZ
ALHGA4
S1HGAL
S1HGA2
S1HGA3
Conzensus

ALHGAL
ALHGA2
ALHGAZ
ALHGA4
S1HGAL
S1HGA2
S1HGA3
Conzensus

ALHGAL
ALHGA2
ALHGAZ
ALHGA4
S1HGAL
S1HGA2
S1HGA3
Conzensus

ALHGAL
ALHGA2
ALHGAZ
ALHGA4
S1HGAL
S1HGA2
S1HGA3
Conzensus

GRLTPYHLPPLPPPPSTAGKRLRLF GYHHNCGHD---YHOUEESHLYPRGEIGAS---55555ALRLHLSTDHDDDH----DD
AGRYP=-=-=PSAPPOPSTT-KKLRLFGYDYNESSS=--SGDTRGEHGYAGYSSSSPYYIRDDDOSFHRSPRGEHASSS==--=5A
T ePassPesPP.Pst, JKrLRLFGY#mBcg. 5. . .0 keee, v pesl, ...V, 5888, . ...0..ddds,....58

370 380383
| |
====0H- -FTKKGKSSLSFDLDO
ASLEDHK ~FTKKGKPSLSFDLDR
GODGDDL JFAKKGKSSLSLHFHP
HOLSDDE -YKRKGKS=LEL

+.1.0d, . %, kkGkssl=]l, ...

1 10 20 0 40 50' ™0 v B0 o o0
1 |

HHTDLSLTRDEDEEEAKPLAEEEGAREYQDREHHF DKVYTPSDYGKLHRLYIPKOHAERFFPLDSS5--—NEKGLLLH
HHOEDKEKPIEERSSSHE-§-REHHFDKYYTPSDYGKLHRLYIPKOHAERYFPLDNST THDSHKGLLLH

HOLSLAPTTTTSSDAEQDRDOEL TSHIGASSSSGPSGHHNNLPHHHIPP-QEKEHHF DKVYTPSDYGKLHRLYIPKOHAERYFPLDSSH--HONG-TLLH
HHISTHHLDOEL-AETRASSSDHTH===m=====" YFY55-QRREHNFDKYLTPSDYGKLHRL Y IPKOHAENFFPLE-=D--HOHG-TYLD
HHLFHSTHIHDEASDSASCYYSUALKRPSSSTTTELHLADSSSTCOALJEREHHFDKYYTPSDYGKLNRLYIPKOHAEKYFPLDSSS-~NOKGGLLLH
HHFFGSYYGEEERSSS5-=-YHSOOLKRPSSSTTTELHLNDSSSTCOALJEREHHFDKYYTPSDYGKLNRLYIPKOHAEKYFPLDSS55==-NNKGGLLLH
HHFFSDGRGFHDOGPF SHPDFSHOORS TTHSSDHADEYGESHT—--—- EREHNFDEVYTPSDYGKLHRL Y IPKOHAEKYFPLOSST--HEKG-LLLH
eareresesserssnssssessssaresssSE8utancrasesnesesesferEHHFDKYVTPSDVGKLNRLYIPKOHAE, XFPL#ss, . o0, g 110 #

101 110 120 130 140 150
1
FEDLTGKSHRFRYSYHNSSOSYYHTKGHSRFYKDKKLDAGDIYSFORCY:

160 170

GDSGRDSRLF IDHRRRP K

FEDRSGNSHRFRYSYHHS 505 YYHTKGHSRFYKDKKLDAGDIYSFOR-~~-—--—--0SCHKDKL Y IDHRRRP KIFDH
FODRHGKHHRFRYSYHHS 505 YYHTKGHSRFYKEKKLDAGDIYSFORGL———-—- GDESERSKL YIDHRHRPD----HSLYOAHOF GHF ——GFHFHFRTT
FODKHGKHHRFRYSYHHS 505 YYHTKGHSRFYKEKKLFAGDTYSFYRGYIPDONAQPERRRKIHF IDHRPRAE====INF¥=--HHINHNH--HFYFGSETY
FEDSHGKPHRFRYSYHHS 505 YYHTKGHSRFYKEKKLDAGDYYSFORGA-—-———- HO
FEDSHGKPHRFRYSYHHS 505 YYHTKGHSRFYKEKKLDAGDYYSFORGA=======GEL SKHRLF IDHRRRP === =m=m===mm| HO
FEDTHGKPHRFRYSYHHSSOS5 YYHTKGHSRFYKEKKLDAGDIYSFORGY-- AR

201 210 220 230 240 250 260 270 280
1

PHFA-AGANFPRFYSFPSTHYSLYNHOOORHHHSGGGYNYHOTPREF - ———————- GYGYFYRSYDORNNPARAYA——-—- ~DPLYIESYPYHEHGRANGD
HHOAFAGAHFPRFY TFPHPAHPT-HYETHHLYH-———- RFHO--RDL---------GIGYYYRSHE-RSHPTA---—- -——-VYIESYPYHEARRAQY
SOYSHRFHPLPEYHSYPIHRGLNIGNHORSYYHTORAEFYGYGYGHLA--—--——-GRCYYTGSPLDHR---HIYGS---+-EPLYIDSVYPYVEGRLTPY

P-=-TARFYP¥TPEYSHPYRSFPPFYOHQ=——-~| FOEREYLGYGYGRYYHG-———-HGYRYYAGSPLOOHHOHHLGR.5-~---EPLY YDSYPYF
FSDGRIFPLASYPTTFSRNYYH-—————- NPPHSY----YHYGIGH---—- —=5SASTPYYSFHNNTSYHYHA-——---S-SHFDHHLHKST
FSDGRLF=-=YYPTTFSSHLLLEGGSNIYHPPHYYHPOSYHYEIGH===== ===~ RSYNISHGTYINANPLKNEI ===—-- =RHGGCSSTTTT
AHDRPLFLAPPDASHLAYSLEPAPGSHSAAOOSHGSSPHY YYDTCHFINSRTTYYHGHPCPSGSYYYLRSGSADYPORAGINALRGHSHSS TSI

HLPPLPP-PPSTAG
-=-PSAPP-0P5TTS
YFHSYPYVOGKYA
YFDSYPYVOGKYA
YFDSYPYVOGKAR
++2+5.Pa.qg. .2

DDGDD JAFAKKGKSSLSLNFH
QLS00 “EYKRKGKS-LEL




3¢

3d

ALHGA1
ALHGAZ
ALHGA3
AtHGA4
0sHGAZ
SbHGAZ
SbHGA3
BdHGA3
BdHGAZ
0=sHGA3
0=HGA4
ShHGA4
BdHGA4
0=HGA1
ShHGA1
0=HGAS
ShbHGAS
BdHGAS
BdHGA1
Conzensus

AHOELYG--——- TAG
AOYASHA-———- SRG
TPYHLPPLPPPPSTA
YPPSAPP———-0PST
PYIESPT----THA-
PYIESPT----THA-
PLYHSPT----ARA-
PLAGSPT----THA-
PYIESPT-——-TTAT
YGPHGGGAGASSCRP
YARAGGHRGEYGPSG
ATAGTGHOSEYGPSA

AEPPAPY---YASSA
SAYOER---ATTTR
YAASAY---—- EATR
AAAGALL---EPASR
ANAREER---Y¥P556G

FEEEFERE RS

KRLRLFGYDHECGESG-HTHSTEEESSSSGESLPRGE
KRLRLFGYDHECGGGGESYNS TEEESSSSEESIPRGR

GHD---YHOAEESHLYPRGET-—--
KRSSGOTRGEHGYAGYSSSS5PYYIR
HAGGGGGARAGESSHHGH----AL
PLSEPDGGY-GEASHAGH--—-AL
0aG55----- AESSODAN----AL
HSHGG—---- GESSHDAN----AL
HSSGHGAGGDGESSHHHGGRTLSS
ASTSATSTPLCRRGSSSSSAPOGR
GOYDAARAEEEDADDDYD-DGDHRR
GDDAPARPASAEYEYYDYDGDODY
TGAGEDDEEGGOGL G

HSEODH---AGYYG-KTAPPP---
GSEEEH---GGGGGHRTSAPPTPH
AARDDDDOTAGAASRTARSSLLOL
POAARED---GATYTRRTASTLLAL
ACPPAR---ARS----TLLOOKOL
EEDSHS=-=—==—= EPAPHOLOOL

L R NN

ALHGA-Likel i=————— RGH---
S1HGA-1likel-1 [QLTTPHGHHT ===
StHGA-Likel=-2 [QLTTPHGHHT ===
S1HGA-1ikel-3 [ATTTSYHHHT———
StHGA-Likel-4 [ATT=-5YHHNT-——-
StHGA-Likel=-3 ATT=5SYHHHT ===
CaMGA-Likel-2 [OTTASYHHHT——-

HtHGA-Like

AtHGA-Like3

ALHGA-Like?
OsHGA-Likel-1
BdHGA-Likel-1
BdHGA-Likel=-2
0=sHGA-Likel-2
SbHGA-Likel-2
SbHGA-Likel-1
StHGA-Likel-1
CaMGA-Likel-1

Consensus

ISTPSS5YYGS——-
IASTPPYVYAGS——-
‘DSPSFSAGSAP--
IDGRTCSPASAP--
IDAKSSSTASAPP-
IDAKSSSAASAPPP
DAKSSGTPTAP--
‘DHRSCSAASAPS-
DAGDYYLFERHRY

FERHEY

IR Y EE Y]

KTLRLFGYHHECD
ROVRLFGYHLECE
ROVRELFGYHLECE
EHYRLFGYHLECE
RHYRLFGYHLECE
EHYRLFGYHLECE
ROYRLFGYHLECE
ROVRLFGYHLECE
RETYRLFGYHLECD
RTYRLFGYHLECH
RERLELFGYHLDCG
ERLELFGYHLDCG
RRLELFGYHLDCG
ERLELFGYHLDCG
REKLRLFGYHLDCG
ROLRLFGYHLDCG
GOROFIGHRRKHG
FOROFIGHRRKHG
r..rlfGenl,cg

D-SOHSEP-STPDGSHTYTTHHO
DOSSSHSESSTPDGSTSS-HHHA
DOSSSHSESSTPDGSTSS-HHHA
DOSSHSEPPPTPDGGGSSTSSHY
DOSSHSEPPPTPDGGGSSTSSHH
DOSSHSEPPPTPDGGGSSTSSHH
DESSHSEPPPTPDGGGSSTSSHH
DEPSHSKPPSTPDGGGSSTSSHO
DEHDGODSYAYATTYESPDGYY-
D---AYEPPPRPDYYHO-————-
EPEADT-TARATHYGYHHOOSSY
EPEADTSTATEANYGYHHO-TPY
EPEAEAPTTP—-HYGYTHH-5PY
EPEADOATA---HYGYHHHOSPY
EPEPEPETPT-AHYSYHHO-5PY
GPELEPETPT-ANYGYHHO-5PY
AYAARAAAT TYAPPGGGGGHGHYH
GGO0G-—————-- GGGAGAREYY

I - T T

Figure S3. Multialignment of NGATHA proteins of (a) Arabidopsis; (b) Arabidopsis
and tomato; (c) NGATHA proteins of Arabidopsis, rice, sorghum and Brachypodium;
(d) NGATHA-Like proteins of Arabidopsis, rice, sorghum and Brachypodium, tomato,
potato, capsicum and nicotiana.

The B3 domain is represented in black boxes. The repressor motif RLFGV is marked in
green boxes. The repressor motif RLFGV is marked in green boxes. NGA-I and NGA-II
motifs are indicated in pink and yellow boxes respectively.
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Figure S4. Protein motifs in the NGATHA proteins of (a) dicots, and (b) monocots



TMHMM result
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Figure S5. Analysis of transmembrane domain in the NGATHA proteins. The
TMHMM analysis predicts that there are no domains embedded within the

membrane.
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Figure S6. 3D-structure of NGATHA-Like proteins in (a) A. thaliana, (b) S.
lycopersicum and (c ) O. sativa L. Japonica. The three dimensional
structures are acquired using I-TASSER (https://zhanggroup.org/I-
TASSER/).
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Figure S7. Gene duplication or synteny analysis of NGATHA genes in (a)
Brachypodium distachyon; (b) Populus trichocarpa; (c) S. tuberosum and (d) Vitis
vinifera in comparison with A. thaliana. The grey lines in the background
represent collinear blocks between the respective genomes. The red lines

indicate the syntenic gene pairs of S. lycopersicum, B. rapa and O. sativa L.
Japonica with A. thaliana.
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