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 VvDELLA2    MKRDLLDGCGGGGGGGGGGKGEEGSSMVSAKGKMWDDGQQQDAG---MDELLAVLGYNVRSSDMVDVAQK 

 VvDELLA3    --------MGPYDSAISTGSSTS-------------S-PSSAAKPSDIDGLLAGAGYKVRSTELHQVAQR 

 

 

    AtRGA    LEQLETMMSNVQEDGLSHLATDTVHYNPSELYSWLDNMLSELNP----------------PPLPAS---- 

 VvDELLA1    LEQLEEVIVNAQEDGLSHLASETVHYNPSDLSNWLGSMLSEFNP--------TPNCALDNPFLPP----- 

 VvDELLA2    LEQLEMVMGNAQEDGISHLSSGTVHYNPSDLSGWVQSMLTELNPPSSAFASSSQQTPIDDPLLAPSESST 
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S1C 

   AtSLY1    -------------------------------MKRSTTDSDLAGDAHNETNKKMKSTEEE----------E 

   OsGID2    MKFRSDSSGGDEPRAPAAGDGGGGGDEPAKRQRTDPSSSSSQGEASSSSQPPPQQQQEEQPPEDAGEGEQ 

  VvSLY1a    ------------------------------MRRGLDCGETPAGGVGKRQRRQVEGGEEGGE-----MLAE 

  VvSLY1b    ------------------------------MKRPFVADDDLESADQKMKNPKLEDDEEDGEV----RGET 

                  

 

   AtSLY1    IGFSNLDENLVYEVLKHVDAKTLAMSSCVSKIWHKTAQDERLWELICTRHWTNIGCGQNQLRSVVLALGG 

   OsGID2    PRVPDLGEDLVFEVLRRAEARTLAAAACVSRGWRQLAEDERLWEAACVREWANLGFSERQLRAVVLSLGG 

  VvSLY1a    TAFVNLDEDLLFEVLKHVDARTLATAACVSRQWKRTAHDERLWEMICTRHWANVGCGSQQLRSVVLALGG 

  VvSLY1b    TGFVNLDENLLYEVLKHVDARTLAIAGCVSKLWHRTSQDERLWELICTRHWANIGCGNQQVRSVVLALGG 

                  

 

   AtSLY1    FRRLHSLYLWPLSKP------NPR-------------------------ARFGKDELKLTLSLLSIRYYE 

   OsGID2    FRRLHAVYIRPLQWRGAGVPRQQG------------RRQP--------PVRLGRDQVQLSLSLFSIGFFQ 

  VvSLY1a    FRRLHALCLWPLLKSPPSSSSSPSPYTTSSHSPQSSPFSPPVVPSKKAPTRWGKDEVHLSLSLLSIRFYE 

  VvSLY1b    FRRLHSLYLWPLSKPQASSSSSPPSSSWPSTA-LSPPFAPHSMMRPKFPTRWGKDEVHLSLSLLSIRYYE 

                  

 

   AtSLY1    KMSFTKRPLPESK--------- 

   OsGID2    NMPCPKKDKGNDSDKNGGGQCG 

  VvSLY1a    KMSSKSKGS------------- 

  VvSLY1b    KMNFNNRGR------------- 

Fi gu r e  S1 :  Am i no  ac i d  sequence  a l i gnm ent  o f  m ajor  G A s i gna l i ng  genes .  

Mu l t i p l e  a l i gn me n t  o f  a mi no  ac i d  s equen ces  o f  Ar ab i dops i s ,  r i c e  and  V.  

v i n i f e ra  g ene  f a m i l i e s  we r e  gen e r a t ed  by  C LUSTAL W a l i gn me n t  a l g o r i t h m  

us i ng  Al i gnX  o f  t he  Ve c t o r  NTI  su i t e .  Ye l l ow - shade :  i den t i c a l  r e s i dues ;  Red -

shade :  s i mi l a r  r e s i dues ;  B l ue - shade :  weak l y  s i mi l a r  r e s i dues ;  Gr ey - shade :  

conse r va t i ve  r e s i d ues ;  Unshaded :  n on - s i mi l a r  r e s i dues .  For  a c ce s s i on  nu mb er s  

o f  gen es ,  r e f e r  t o  Ma t e r i a l  and  Me t hods  s ec t i on .  ( A)  VvGI D 1  pa r a l ogs  

( VvGI D 1a ,  VvGI D 1b) ,  and  o r t ho l o gs  f r o m Ar ab i dops i s  ( A t GID 1 a ,  A t GI D 1b ,  

A t GI D 1c )  and  r i c e  ( OsGI D 1)  sha r e  co nse r ved  do ma i ns  c ha r ac t e r i s t i c  o f  so l ub l e  

GA r ecep t o r.  Boxe d :  c a t a l y t i c  t r i ad  o f  Hor mon e  Sens i t i ve  L i pa se s  (HSL) ;  So l i d  

c i r c l e s :  C onse r ved  r e s i dues  i n  GI D1s  ( t he  f i r s t  t wo  pa i r  fo r mi ng  oxyan i on  wi t h  

t he  l a s t ) ;  So l i d  squa r e s :  r e s i dues  e s s en t i a l  fo r  i n t e r ac t i ng  wi t h  b i oac t i v e  GA;  

Di a mond - shaped :  r e s i dues  e s s en t i a l  fo r  GID1- DEL L A i n t e r a c t i ons ;  Ar r ows :  

s equence  va r i a t i o n  be t we e n  VvGI D1 a  and  VvGI D 1b  i n  mo t i f  r equ i r e d  fo r  

DE L LA i n t e r a c t i on .  ( B)  Sequence  a l i g n men t  o f  VvDE L LA pa r a l ogs  

[VvDE L L A 1 ( p r ev i ous l y  cha r a c t e r i z ed  a s  VvGAI 1) ,  VvDE L LA 2 ,  and  

VvDEL L A 3 ] ,  an d  o r t ho l og  f r o m  Ar ab i dops i s  ( RGA) .  Ar r ows :  pu t a t i v e  

VvDEL L A sequence  va r i a t i ons  i n  mo t i f s  r equ i r e d  fo r  G I D1  i n t e r ac t i on ;  

D i a mond - shaped :  va r i a t i ons  i n  r e s i due s  r equ i r ed  fo r  DE L LA p r o t e in  

s t ab i l i z a t i on .  ( C)  VvSLY 1  pa r a l ogs  ( VvSLY 1a  and  VvSLY 1b) ,  and  o r t ho l ogs  

f r o m Ar a b i dops i s  ( A t SLY 1)  and  r i c e  ( OsGI D 2) .  Doub l e - head ed  a r r ows :  va r i ab l e  

r eg i ons ;  Boxed :  F - box  doma i n ;  C i r c l e - edged  l i ne s :  GGF  doma i n ;  S i ng l e - head ed  

a r r ows :  LSL doma i n  
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Figure S2  : Grapevine GA signaling genes rescue silique length and fertility defects of 

corresponding Arabidopsis mutants. (A-B) Average silique lengths (A) and seed numbers 

(B) of WT, gid1a-2 gid1c-2, and four representative 35S:VvGID1 gid1a gid1c transgenic 

lines. 35S:GUS gid1a gid1c transformants were included as negative control. (C-D) 

Average silique lengths (C) and seed numbers (D) of WT, sly1-10, and three representative 

35S:VvSLY1 sly1-10 transgenic lines. In A-D, the length and seed number of 10th silique on 

the main stem were measured, and both were significantly different from the corresponding 

mutant (n9; p<0.01). In contrast, the 35S:GUS gid1a gid1c lines have no phenotypic 

difference from gid1a gid1c (n10). Parameters for VvGID1, VvSLY1 transformants were 

measured at 51 and 87 days, respectively. Asterisk: no viable seed. 
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Fi gu r e  S3 :  G A re gu l a t i on  o f  expre ss i on  o f  VvDE L L A 1  ( A) ,  VvDE L L A 2  ( B ) ,  

and  VvDEL L A 3  ( C) .  Organs  we r e  d i pped  o r  sp r ayed  un t i l  r un - o ff  w i t h  a  s i ng l e  

GA 3  (G) ,  pac l obu t r azo l  ( P ) ,  o r  Tr i t on  X- 100  ( C)  t r e a t me n t .  Ti s sue s / o rgans  we r e  

s a mp l ed  6  h  a f t e r  GA t r ea t me n t  ( 121  µM  fo r  i n t e r nod es  and  r a ch i s e s ,  a nd  90  

µM  fo r  c a r pe l s  an d  be r r i e s ) ,  and  102  h  a f t e r  PAC  t r ea t me n t .  To t a l  RNA was  

ex t r a c t ed  f r o m po o l ed  s a mp l e s  o f  e a c h  t r e a t me n t .  Th e  abso l u t e  mRNA l eve l s  o f  

e a ch  g en e  we r e  d e t e r mi ne d  by  r e a l - t i me  qu an t i t a t i v e  RT- PCR  ( qRT- PCR)  and  

no r ma l i z ed  ag a i n s t  VvG A PDH .  Abso l u t e  exp r e s s i ons  o f  gene ,  i n  any  

o rgans / t i s sue s  a r e  shown  r e l a t i v e  t o  va l ue s  o f  GA- t r ea t ed .  Th e  va l ue s  r ep r e sen t  

t he  me an  ±  SE  o f  t h r ee  b i o l og i c a l  r epea t s  w i t h  t wo  t e chn i ca l  r epea t s  e a c h .  

Resu l t s  we r e  r ep r oduc i b l e  i n  succe s s i ve  g r owi ng  s ea sons .  
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Fi gu r e  S4 :  G A 3- induced  degradat i on  o f  VvDELLA pro t e i n s  i n  c v.  

Thom pson  s eed l e s s .  Wes t e r n  b l o t  a na l y se s  o f  VvDE L LA p r o t e i n s  i n  

o rgans  u s i ng  p r o t e i n - spec i f i c ,  a ff i n i t y - p u r i f i ed ,  an t i - VvDE L LA 

po l yc l on a l  an t i bod i e s .  To t a l  p r o t e i n s  we r e  ex t r ac t ed  f r o m i n t e r nodes  

( I n )  and  be r r i e s  (Be )  t r e a t ed  w i t h  PAC ( P,  0 .8  mM )  and  GA 3  ( G ,  121  µM 

fo r  i n t e r nodes ,  a nd  90  µM  fo r  be r r i e s ) .  Con t r o l  ( C)  s a mp l e s  we r e  

t r e a t ed  w i t h  Tr i t o n  X- 100  ( 0 .025% ) .  Re co mb i nan t  fu l l - l eng t h  p r o t e i n s  

( R .P. )  ( 3 .75  ng  ea ch  o f  Vv DE L LA 1 and  VvDE L LA 2,  and  37 .5  ng  o f  

VvDEL L A 3)  we r e  u sed  a s  s i z e  co n t r o l s .  Coo mass i e  Br i l l i an t  B l ue -

s t a i ned  ( CBB)  p r o t e i n s  we r e  u sed  a s  l oad i ng  con t r o l .  I n  a l l  l ane s  

exc ep t  R . P. ,  s o l i d  b l ack  a r r ows  show  band  o f  i n t e r e s t ,  and  Asteriske d -

bands  i nd i ca t e  no n - spec i f i c  p r o t e i n s  de t ec t e d  by  t he  an t i - VvDE L LA 

an t i bod i e s .  D i ff e r enc es  i n  s i z e s  o f  R .P.  a nd  endog enous  VvDE L LA 

p r o t e i n s  r e su l t  f r om t ags  on  t he  R .P.  
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Fi gu r e  S5 :  Sche m at i c  representa t i on  o f  m aj or  G A m et abo l i sm  

pat hways  i n  p l ant s .  

Nu mb er  o f  sho r t  b l ack  a r r ows  ind i ca t e s  nu mb er  o f  i n t e r med i a t e  

mo l e cu l e s  i n  t he  mu l t i p l e  r e a c t i ons .  Ge r any l ge r an y l  d i pho spha t e  

( GGDP)  i s  conve r t ed  t o  en t - kau r ene  and  t he n  t o  en t - kau r eno i c  a c i d .  

en t - Kau r eno i c  a c i d  i s  conv e r t ed  t o  GA 12  i n  s t epwi se  r ea c t i ons  by  en t -

kau r eno i c  a c i d  ox i da se s .  Us i ng  GA 12  a s  subs t r a t e ,  GA13ox  p r oduces  

GA 53  ( t h i ck  b l ack  a r r ow) ,  t he  ma i n  p r ecu r so r  o f  b i o ac t i ve  GA 1  i n  t h e  

13 - hyd r oy l a t ed  pa t hway.  T h r ough  a  s e r i e s  o f  r e ac t i on  ca t a l y zed  by  t wo  

t ypes  o f  2 - ODDs ,  GA20ox  ( so l i d  b lue  a r r ow)  and  GA3ox  ( so l i d  g r een  

a r r ow) ,  GA 12  and  GA 5 3  a r e  conv e r t ed  t o  b i oa c t i v e  GA 4  a nd  GA 1 ,  

r e spec t i v e l y.  D ea c t i va t i on  o f  GA 1  an d  GA 4  and  t he i r  p r ecu r so r s  p r oceed  

t h r ough  t he  ac t i on  o f  ano t he r  2 - ODD,  GA2ox  ( so l i d  r ed  a r r ows ) .  
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Table S1: Primers used for gene isolation and gene expression analyses by qRT-PCR 

Gene  Sequence Purpose  

Forward  Reverse  Gene 

isolation  

qRT-

PCR  

VvGID1a  CACCATGGCCGGGAGT AAGTCTATTAACAGTTAGAACTCAC √ 

VvGID1b  CACCATGGCCGGGAGT TTAACAGTTAGATTTCACGAAATTC √ 

VvDELLA1   CACCATGAAGAGGGAGTATCA ACTCAGTTGGAGGCAGGTGT √ 

VvDELLA2   CACCATGAAGAGAGACCTCCT TCACTGAGAATGAGCAGAGGT √ 

VvDELLA3   CACCATGGGGCCTTACGAC GAGGAGATTATTATGAT √ 

VvSLY1 a CACCATGAGGCGAGGACTGGA TTAACTGCCTTTGCTTTTGGA √ 

VvSLY1 b CACCATGAAGCGACCTTTTG TCAACAATAGAGGGAGATGA √ 

VvGID1a  AGGCTCTTGTGGCAGCATG CTCCTTATGGCCGGAAGTCA √ 

VvGID1b  AACTGCCTCTTTCGGTCAAG AGTTGGTTCAGCCAAGTCTCA √ 

VvDELLA1   CGACTCCTCGTTCTCCGATATT GATAGCTTGATTGGCGGTGAAG √ 

VvDELLA2   TGGTGGACGTGGCTCAGA ACAGTCCCAGAGGAGAGATGAGA √ 

VvDELLA3   CTTGGAGCAGCAGGGTTCAG ACCCCTCAGCCGAGAACAG √ 

VvSLY1 a CGTCGTCTCACTCTCCTCAGT AAGATGAACCTCGTCCTTTCC √ 

VvSLY1 b GATCTGGAAAGCGCAGATCAG TACAGCAGATTCTCGTCCAGATTC √ 

VvGAPDH  TTCTCGTTGAGGGCTATTCCA CCACAGACTTCATCGGTGACA √ 

9 



Table S2: Primers used for cloning genes to yeast two-hybrid vectors 

Gene Sequence 

Forward (VvGene-1)  Reverse (VvGene-2) 

VvGID1a  CGAGGAATTCATGGCCGGGAGTAATGAAGTCAAC GCAGGGATCCTTAACAGTTAGAACTCACAAAGTTAC 

VvGID1b  CGAGGAATTCATGGCCGGGAGTGATGAAGTCAAC GCAGGGATCCTTAACAGTTAGATTTCACGAAATTCTTTATC 

VvSLY1a  CTTCGAATTCATGAGGCGAGGACTGGACTGCG CCTTGGATCCTTAACTGCCTTTGCTTTTGGAACTC 

VvSLY1b  CTTCGAATTCATGAAGCGACCTTTTGTTGCCGAC CCC GGATCC TCATCTCCCTCTATTGTTGAAAT 

VvDELLA1   GGCAGCATATGAAGAGGGAGTATCATCATC GCAGGGATCCTCAGTTGGAGGCAGGTGTGG 

VvDELLA2   GCAGCATATGATGAAGAGAGACCTCCTAGACGGTTG GCAGGGATCCTCACTGAGAATGAGCAGAGGTGGAG 

VvDELLA3   GCAGCATATGATGGGGCCTTACGACTCTGCCATC  GCAGGAATTCTTAGAGGAGATTATTATGATTTATAAC 
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Table S3: Amount of deuterated GA species used as the Internal Standard (IS) mix during extraction of 

endogenous gibberellins in different organs of grapes. Cat. 1= Berries (30 d); Cat. 2= Young leaves, 

Mature leaves, Young tendrils, mature tendrils, carpels, berries (0 d), berries (10 d); Cat. 3= Young 

rachis, mature rachis; Cat. 4=Young internodes  

GA species 

Amount (ng)/ extraction 

Cat. 1 Cat. 2 Cat. 3 Cat. 4 

GA1 0.025 5 0.5 5 

GA4 0.125 0.25 0.025 0.25 

GA53 0.025 5 0.5 5 

GA44 0.025 5 0.5 5 

GA19 0.025 5 0.5 5 

GA20 0.025 5 0.5 5 

GA29 0.025 5 0.5 5 

GA8 0.025 5 0.5 5 

GA12 0.125 0.25 0.025 0.25 

GA15 0.125 0.25 0.025 0.25 

GA24 0.125 0.25 0.025 0.25 

GA9 0.125 0.25 0.025 0.25 

GA51 0.125 0.25 0.025 0.25 

GA34 0.125 0.25 0.025 0.25 
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Table S4: GA signaling genes of Vitis vinifera cv. Thompson seedless 

Gene name NCBI Locus ID Chromosome 

Size of gene 

(bp) 

mRNA size 

(bp) 

Protein size 

(kDa) 

VvGID1a AM468374 
14 1,934 1,032 38.4 

VvGID1b AM479851 
7 1,817 1,032 38.9 

VvDELLA1 AM459432.1 
1 1,770 1,770 64.8 

VvDELLA2 AM470304.2 
14 1,830 1,830 66.1 

VvDELLA3 AM484828.1 
11 1,596 1,596 58.6 

VvSLY1a AM445694.2 
7 552 552 20.2 

VvSLY1b AM450967 
18 552 552 20.9 

12 


