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Putative TPL binding site DOF DNA binding domain

Figure S1. Amino acid sequence alignment of CDF related proteins. CDF group DOF domain proteins were 
obtained from published studies, and BLAST analyses using the Phytosome 12 browser (https://phytozome.jgi.-
doe.gov/pz/portal.html), or the plant transcription factor database (http://planttfdb.cbi.pku.edu.cn). Arabidopsis 
CDF1,2,3, and 5 proteins were used as a query when necessary. Specific proteins were chosen due to phylogenet-
ic position within the CDF clade or by previously reported functional characterization. Protein sequences subse-
quently were assembled and aligned using the CLUSTAL omega program. The species included are as follows: 
Ps= Pisum sativum, Sl= Solanum lycopersicum, St= Solanum tuberosum, Ca= Capsicum annuum, Ha= Helianthus 
annuus, Jc= Jatropha curcas, At= Arabidopsis thaliana, Os= Oryza sativa, Bd= Brachypodium distachyon, Pt= 
Pinus taeda, Pa= Picea abies, Sm= Selaginella moellendorffii, Pp= Physcomitrella patens, Mp= Marchantia poly-
morpha, Cr= Chlamydomonas reinhardtii, Ot= Ostreococcus tauri.  Dark Green color indicates amino acid posi-
tions with more than 50% identical residues.Gray color indicates 50% of amino acid positions are similar. Red 
dashed bar indicates the consensus sequences of the DOF DNA binding domain. The blue dashed bar indicates 
the putative TPL interaction motif. Relative amino acid position number is indicated on the right side of the figure.    
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Figure S2. BiFC negative controls and subcellular localization of TPL, CDF1, CDF1-ΔN, 
and CDF1-mut. (a) BiFC interaction analysis in transiently infected N. benthamiana leaves 
between full-length of CDF1 protein, CDF1-∆N, CDF1-mut variants, TPL, and GST protein (a 
negative control). Scale bars show 50 μm. (b) Representative images of full-length YFP fusions 
of CDF1 protein, CDF1-∆N, CDF1-mut variants, and TPL protein in transiently infected N. benth-
amiana leave epidermal cells. Scale bars show 10 μm. For both (a) and (b) Histone H2B-RFP 
was used to determine the position of the nucleus in the same cell. 
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Figure S3.Flowering phenotype of Col-0, 35S:CDF1-3F6H, 
35S:CDF1-∆N-3F6H, and 35S:CDF1-mut-3F6H transgenic lines 
in short days. Quantification of flowering time by total leaf number 
at bolting from figure 2d under long days. Means +/- SEM were 
calculated from N=16 individuals. *P < 0.05, **P < 0.01 (one-tailed t 
test). 
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Figure S4.  Protein expression level of TPL in TPL:TPL-3HA  and TPL:T-
PL-3HA/35S:CDF1 transgenic line, CDF1 gene expression in TPL:T-
PL-3HA/35S:CDF1  transgenic line, and TPL gene expression in 
SUC2:HA-tpl-1 transgenic lines. (a) Protein expression levels of TPL-3HA in 
Col-0, TPL:TPL-3HA, and TPL:TPL-3HA/35S:CDF1. The long-day grown 
14-day-old seedlings were harvested at the ZT12 time point. HSP90 was used 
as a loading control. (b) Gene expression analysis of CDF1 in Col-0, TPL:T-
PL-3HA, and TPL:TPL-3HA/35S:CDF1 plants. The long-day grown 
14-day-old seedlings were harvested at the ZT4 time point. (c) Gene expres-
sion analysis of TPL in SUC2:HA-tpl-1 transgenic lines. The long-day grown 
14-day-old seedlings were harvested at the ZT12 time point. For (b) and (c), 
means +/- SEM were calculated from three independent experiments.  



(a) (b)

(c) (d)

(e) (f)

(h)(g)

SUC2:HA-tpl-1 #1
Col-0

4 8 12 16 200

R
el

at
iv

e 
ex

pr
es

si
on

Time (ZT)

0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0

0.0

CO

4 8 12 16 200

1

2
3
4

5

R
el

at
iv

e 
ex

pr
es

si
on

Time (ZT)

SUC2:HA-tpl-1 #1
Col-0

0

FT

4 8 12 16 200

0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0

0.0

4.5
SOC1

R
el

at
iv

e 
ex

pr
es

si
on

Time (ZT)

Col-0
cdfq

SUC2:HA-tpl-1 #4
SUC2:HA-tpl-1 #1

R
el

at
iv

e 
ex

pr
es

si
on

4 8 12 16 200

2
4
6
8
10
12
14
16

Time (ZT)

TPL

0

Col-0
cdfq

SUC2:HA-tpl-1 #4
SUC2:HA-tpl-1 #1

4 8 12 16 200
Time (ZT)

1

2

3

4

5

0

FULCol-0
cdfq

SUC2:HA-tpl-1 #4
SUC2:HA-tpl-1 #1

R
el

at
iv

e 
ex

pr
es

si
on

Time (ZT)

Col-0
pSUC2:HA-tpl-1 #1

4 8 12 16 200

10
20
30
40
50
60
70
80
90 TSF

R
el

at
iv

e 
ex

pr
es

si
on

0

10

15

20

0

5

4 8 12 16 200
Time (ZT)

AP1

R
el

at
iv

e 
ex

pr
es

si
on

Col-0
cdfq

SUC2:HA-tpl-1 #4
SUC2:HA-tpl-1 #1

Col-0
cdfq

SUC2:HA-tpl-1 #4
SUC2:HA-tpl-1 #1

4 8 12 16 200
Time (ZT)

10

15

20

0

5

R
el

at
iv

e 
ex

pr
es

si
on

LFY

Figure S5. Gene expression profiles of TPL, LFY, AP1, FUL, and SOC1 in WT, 
cdfq mutants, and SUC2:HA-tpl-1 transgenic lines.  (a,e,f,g,h) Diurnal gene 
expression analysis of TPL, SOC1, FUL, and AP1 in Col-0, cdfq, and 
SUC2:HA-tpl-1 plants. Experiments were performed on 2-week-old seedlings 
grown in long days, with 3-hour resolution. Means +/- SEM were calculated from 
four independent experiments. (b,c,d) Diurnal gene expression analysis of CO, FT, 
and TSF in Col-0 and the SUC2:HA:tpl-1 #1 transgenic line. 
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Figure S6. Gene expression levels of TPL, SOC1, LFY, and AP1 over developmental 
time in WT, cdfq mutants, and SUC2:HA-tpl-1 transgenic lines. (a,b,c,d) Gene 
expression analysis of TPL (a), SOC1 (b), LFY (c), and AP1 (d) in Col-0, cdfq, and 
SUC2:HA-tpl-1 plants over developmental time (days post germination). Plants were 
harvested over time from 5-days to 19-days old at the ZT13 time point of long days. 
Means +/- SEM were calculated from four independent experiments.
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