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SI Methods
Plant Material. A. thaliana ecotype Col-0 plants were grown in a

growth room with constant light (135 μmol·m−2·s−1) at 25 °C
unless otherwise stated. In each experiment, seeds from plants
grown under the same conditions, planted and harvested at the
same time, were compared. Tobacco (Nicotiana tabacum cv
KY160) plants were used for transient expression of CTG10 for
subcellular localization studies in darkness or light. This same
cultivar used in BiFC assays was grown aseptically on medium
containing MS salts (1), 3% (wt/vol) sucrose, and 0.8% (wt/vol)
Phytagel (Sigma-Aldrich Co.), under 16-h/8-h light/dark cycles at
25 °C, and leaves were collected from 3- to 4-wk-old plants.
Vector Construction. Using NcoI-XbaI–introduced sites, the fulllength CTG10 F-BOX (DQ666277) was cloned into pRTL2, and
NotI was used to transfer the cassette into pMLBART; the
pMLBART vector was transformed into Agrobacterium tumefaciens
(strain GV3850), and transgenic plants were generated (2).
Transformed plants were selected using BASTA and confirmed
using PCR.
Using vector-encoded stops, translational fusions of YFP:
CTG10 were constructed and cloned downstream from the
CaMV35S promoter in the binary vector, pGDY (3), using a 5′
HindIII and compatible 3′ XhoI/SalI ligation. A nuclearly localized reporter construct, driven by the CaMV35S promoter in
pDSR600, consisted of a translational fusion between the first
237 nt of AtZFP11 and the coding region of dsRED. AtZFP11
(At2g42410) is known to be localized to the nucleus (4).
Employing introduced PstI-XhoI sites, 1,097 bp 5′ of the CTG10
start codon replaced the dual CaMV35S promoters and Tobacco
etch virus (TEV) translational enhancer upstream from the GUS
reporter gene in pRTL2 before subcloning to pMLBART and
transformation (2). Independent lines of transgenic plants were
selected using BASTA, and T3 homozygotes were examined for
GUS activity.
1. Murashige T, Skoog F (1962) A revised medium for rapid growth and bio assays with
tobacco tissue cultures. Physiol Plant 15:473–497.
2. Clough SJ, Bent AF (1998) Floral dip: A simplified method for Agrobacterium-mediated
transformation of Arabidopsis thaliana. Plant J 16:735–743.
3. Goodin MM, Dietzgen RG, Schichnes D, Ruzin S, Jackson AO (2002) pGD vectors: Versatile tools for the expression of green and red fluorescent protein fusions in agroinfiltrated plant leaves. Plant J 31:375–383.
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The CTG10 CDS was amplified without the stop codon and
with flailing 5′ HindIII and 3′ XhoI sites for introduction into
identical sites in pKYLX80 situated between its CaMV35S
promoter and an in-frame fusion with GFP. Using EcoRI-XbaI
sites, the binary construct was completed by subcloning the
cassette into a modified pCAMBIA2301.
Similarly, the CTG10 CDS with the stop codon intact was
cloned into pGBKT downstream of and in frame with the single
myc tag in this vector using introduced NdeI/PstI sites. A forward
primer was designed to insert codons for a hexahistidyl tag ahead
of the myc tag and, with a CTG10-specific reverse primer introducing an XbaI site, a HIS-myc–tagged CTG10 coding sequence was amplified. Subsequently, this was cut with NcoI and
XbaI and cloned into similarly cleaved pRTL2 behind the dual
CaMV35S promoters and the TEV translational enhancer. NotI
was used to transfer each of these cassettes into pMLBART and
introduce them into plants (2). Independent transgenic plants
were selected using BASTA, and T3 homozygotes for the HISmyc-CTG10-OE transgene or CTG10-GFP fusion were used for
an immunoblot (Fig. S4C) or CTG10 subcellular localization
(Fig. 5), respectively. Both forms of CTG10 translational fusions
conveyed the expected phenotype (Fig. S4 A and B).
A T-DNA insertional mutant in CTG10 (SALK_104830) (5)
was identified (SIGnAL, Salk Institute Genomic Analysis Laboratory). The ctg10 homozygotes were identified using PCR.
Plasmid Construction for the Yeast Two-Hybrid Assay. Primers were
used (Table S1) that generated full- or partial-length fusions of
PIF1 with the activating domain in pAD-GAL4-2.1 (Stratagene
Agilent Technologies Division). Full-length CTG10 was cloned into
pBD-GAL4 Cam (Stratagene Agilent Technologies), cotransformed
to an YRG-2 yeast strain, and selected in SC medium lacking leucine
and tryptophan.
4. Dinkins RD, Pflipsen C, Collins GB (2003) Expression and deletion analysis of an Arabidopsis SUPERMAN-like zinc finger gene. Plant Sci 165:33–41.
5. Alonso JM, et al. (2003) Genome-wide insertional mutagenesis of Arabidopsis thaliana.
Science 301:653–657.
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Fig. S1. CTG10 expression has a limited tissue distribution. (A–D) The CTG10 promoter drives GUS expression in mature, quiescent seeds (A) and in mature
quiescent (B) or germinated (C and D) pollen. Upon pollen germination, GUS staining is visible in the cytoplasm carrying the vegetative and generative cells
(arrow in D). (Scale bars: 5 mm in A and 10 μm in B–D.) (E) The CTG10 (F-BOX) promoter is expressed maximally in illuminated seeds during the latter stages of
germination and decreases following the completion of germination (arrow). Average enzyme activities (+SE) were calculated per microgram of protein
extracted from each of three replications of 100 seeds and were assessed using ANOVA. Significantly deviating averages, identified by different uppercase
letters, between light- and dark-germinated seeds for each time point were identified using Duncan’s multiple pairwise comparison with an experiment-wide
error rate of α = 0.05.
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Fig. S2. Partially afterripened CTG10-OE seeds without moist chilling complete germination faster in light. (A) Seeds harvested from independently transformed CTG10-OE plants and kept dry at room temperature for 2 wk afterripening completed germination to no less than 75% within 5 d of being placed on
water, while seeds from empty vector control lines completed germination in this time to only 20% or less. The best empty vector control line percentage of
germination (asterisk) was significantly less than any of the percentage of germination values of the CTG10-OE lines (n = 3). (B) Germination time courses at
25 °C with or without light of partially afterripened (2 wk) CTG10-OE12, WT, ctg10, and empty vector control seeds (all moist chilled for 3 d before the
germination test). (C) Germination time courses at 25 °C with or without light for CTG10-OE12, WT, ctg10, and empty vector control seeds without moist
chilling. Significance was identified among all genotypes (A) or between WT and the other genotypes (B and C) following ANOVA using Duncan’s (A) or
Dunnett’s (B and C) multiple pairwise comparison with α = 0.05.
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Fig. S3. Seeds afterripened for 2 mo complete germination to comparable percentages over a 1-wk time course, regardless of genotype. (A) Germination time
courses at 25 °C with or without light (dark) for fully afterripened (2 mo) CTG10-OE12, WT, ctg10, and empty vector control seeds (all moist chilled for 3 d
before the germination test). (B) Germination time courses at 25 °C with or without light for CTG10-OE12, WT, ctg10, and empty vector control seeds without
moist chilling. Significantly deviating means among genotypes were assessed using ANOVA.
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Fig. S4. The completion of germination at 10 °C or on ABA is delayed for ctg10 and PIF1-OE seeds. (A) CTG10-OE seeds at 10 °C commenced completion of
germination earlier than WT seeds, but this difference was maintained only for a single day. Similarly, the pif1 seeds commenced completing germination more
slowly than WT for a single day. However, both the ctg10 and PIF1-OE seeds lagged behind WT seeds for three consecutive days. (B) On water at 25 °C and
under constant white light, the completion of germination of the various genotypes was no different from WT during the time course. Completion of germination of both ctg10 and PIF1-OE seeds on 0.3 μM ABA lagged behind that of WT seeds for at least three consecutive days, and PIF1-OE seeds on 0.5 μM ABA
also completed germination more slowly than WT seeds for three consecutive days. For both experiments, average cumulative seed germination percentages
(+SE) were calculated each day for 10 d from four replications of 50 seeds each and were assessed using ANOVA. Averages significantly deviating from WT for
each time point were identified using Dunnett’s comparison with an experiment-wide error rate of α = 0.05. Average germination percentages significantly
superior to WT at a given time point are indicated by a green asterisk, and average germination percentages significantly inferior to WT at a given time point
are indicated by red asterisks. Experiments were performed on fully afterripened (nondormant) seeds.
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Fig. S5. Double overexpression of PIF1 and CTG10 results in a greater percentage of germination under 12-h FR light:12-h dark cycles, but hypocotyl lengths
did not vary among genotypes under continuous darkness or diurnal cycles of white light and darkness. (A) Under 12-h cycles of FR light and darkness, seeds of
neither independent PIF1-OE line completed germination. Concurrent CTG10 overexpression partially alleviated the PIF1-OE–mediated repression of the
completion of germination. For scale, all Petri dishes are 9 cm across. The average percentage of germination from several experiments is provided in each
image. (B) The hypocotyl lengths of the various genotypes influencing CTG10 amounts did not differ from WT when grown in darkness or day/night cycles. WT,
vector control (VC), CTG10-OE, ctg10, and pif1 mutants were grown for 7 d in continuous darkness or under periods of 12-h light/12-h darkness, and then
hypocotyls were measured. Experiments were repeated twice. Average hypocotyl lengths (n = 30) among genotypes were compared using ANOVA and
Duncan’s mean separation test at α = 0.05. No Sig. Diff., no significant differences.
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Fig. S6. The CTG10 is a functional F-BOX protein with PIF1 as an interacting partner. (A) The complete CTG10 protein was fused with the DNA-binding domain
in pGAL4BD (CTG10BD), and PIF1 was fused with the activating domain of pGAL4AD2.1 (PIF1AD). MT is the respective empty AD or BD vector. Negative and
positive controls (supplied by Stratagene Agilent Technologies Division) were used as comparisons. Average interaction strengths (+SE) were calculated from
enzyme activities (in Miller units) from three independently transformed colonies and were assessed using ANOVA. Attempts to switch vectors to verify the
CTG10–PIF1 interaction were unsuccessful due to the ability of PIF1 to act as a transcriptional activator when it contains a DNA-binding domain. Significantly
deviating averages, denoted by different uppercase letters, were identified using Duncan’s multiple pairwise comparison with an experiment-wide error rate
of α = 0.05. (B) Splitting the 478-aa PIF1 into N- and C-terminal halves [with, without any, or without a portion of the bHLH domain (amino acids 286–334)]
determined that CTG10 was capable of interacting with any part of the PIF1 tested except the C-terminal portion without the bHLH domain; however, the
strongest interaction was with the entire PIF1 coding region. The presence or absence of CTG10 in the pGAL4BD plasmid in the cells with the various fragments
of PIF1 is denoted by a plus or minus sign, respectively. Average interaction strength and statistical analyses were performed as in A.
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Fig. S7. CTG10 is nuclearly localized in dark- or light-treated tobacco leaf cells. Transient expression of YFP:CTG10 and nuclearly localized Ds-Red in tobacco
leaf cells. (A) The CTG10 protein contains a predicted NES (boxed) in the F-BOX portion of the protein. The NLS signal from the Arabidopsis zinc finger protein
11 was translationally fused with Ds-Red and used as a nuclear marker when cobombarded with plasmid encoding a YFP:CTG10 translational fusion. (B and C)
Leaf cells that had recovered in the dark (B) or in the light (C) were quickly prepared and examined for the location of CTG10. (Scale bars: 5 μm.)
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Fig. S8. Overexpression of tagged CTG10 enhances completion of germination in darkness. (A) WT and three independent lines of CTG10-GFP translational
fusions under the control of the CaMV35S promoter were exposed to an FRp-D 30 min before germination in darkness for 7 d. (B) WT and three independent
N-terminal HIS-myc–tagged CTG10-OE lines were exposed to an FRp-D 30 min before germination in darkness for 7 d. The Petri dishes in A and B are 9 cm in
diameter. The percentages germination are provided for each genotype. (C) Total protein was extracted from WT Col-0 and two independent lines transformed with N-terminally tagged (hexahistidyl-myc) CTG10 driven by the CaMV35S promoter. Seedlings were treated with a final concentration of 10 μM
MG132 30 minutes prior to light exposure for 1 min. SDS/PAGE was performed on lanes loaded with molecular weight markers (MWM), WT protein, or protein
from the two independent transgenic lines. The protein was transferred to a PVDF membrane, the membrane was cut in half with asymmetrically toothed
pinking shears (stylized vertical zig-zag line in the middle of the blot), and were probed with either hexahistidyl or CTG10 primary antibodies. The blot was
reassembled along the cut marker, and signal detection occurred following incubation with a secondary antibody using chemiluminescence. HIS-mycCTG10 line 3 probed with CTG10 Ab was separated from the WT and line 1 by dark-exposed samples, which have been removed. Masses for three markers are
indicated on the blot.
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Fig. S9. Relative abundance of PIF1 and CTG10 in Fig. 3. (A) PIF1 and CTG10 proteins accumulate early during germination. Following 24 HAI, CTG10 amounts
decline, while PIF1 amounts are somewhat more stable if seeds are in light conditions precluding the eventual completion of germination. (B) Both PIF1 and
CTG10 protein abundance declines during a germination time course from 36–48 HAI, regardless of whether seeds will or will not eventually complete germination. However, this decline in PIF1 and CTG10 is precipitous only when seeds are in conditions conducive to eventual radicle protrusion (light pulse→dark).
There is a distinct nadir of PIF1 and CTG10 protein abundance at the point of radicle protrusion (completion of germination). As development continues in dark
conditions, both proteins reaccumulate in the etiolated seedlings. (C) During seed germination under light conditions where PIF1 is stable, CTG10 amounts are
also stable. These same light conditions in pif1-mutant seeds stimulate the accumulation of CTG10 protein.
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Table S1. Primers used in this study
Operation and cDNA identity
Y2H CTG10
Y2H PIF1 full length
Y2H
Y2H
Y2H
Y2H
Y2H
Y2H

PIF1 N-terminal fragment
PIF1 N-terminal fragment
PIF1 N-terminal fragment
PIF1 C-terminal fragment
PIF1 C-terminal fragment
CTG10

Y2H PIF1 full length
Y2H PIF1 N-terminal fragment
Y2H PIF1 N-terminal fragment
Y2H PIF1 N-terminal fragment
Y2H PIF1 C-terminal fragment
Y2H PIF1 C-terminal fragment
CTG10 promoter:GUS
CTG10 Gateway entry
PIF1 Gateway entry
YFP:CTG10
CTG10:GFP
CTG10-pGBKT7
HIS-myc-CTG10 pGBKT
PIF1 RT-qPCR primers
CTG10 RT-qPCR primers
ACTIN2 RT-qPCR primers

Primer

Sequence

F
R
F
R
R
R
R
F
F
F
R
F
R
R
R
R
F
F
F
R
F
R
F
R
F
R
F
R
F
R
F
R
F
R
F
R
F

agaattcATGGCATACTTAAGCTTCAAG
actgcagTTATTGCAAGAAGTCCATAC
agaattcATGCATCATTTTGTCCCTGAC
agtcgacTTAACCTGTTGTGTGGTTT
cagtcgacTTAGATTTCGCTCTTTGACACTA
cagtcgacTTAGATCCTATCTCTCCGTTTTC
cagtcgacTTAACCCATCGCCATATGAGGC
agaattcTCGTCATCTGTAGTGTCAAAG
cagaattcATGATGTCAATGGGATGTGGAA
agaattcATGGCATACTTAAGCTTCAAG
actgcagTTATTGCAAGAAGTCCATAC
agaattcATGCATCATTTTGTCCCTGAC
agtcgacTTAACCTGTTGTGTGGTTT
cagtcgacTTAGATTTCGCTCTTTGACACTA
cagtcgacTTAGATCCTATCTCTCCGTTTTC
cagtcgacTTAACCCATCGCCATATGAGGC
agaattcTCGTCATCTGTAGTGTCAAAG
cagaattcATGATGTCAATGGGATGTGGAA
atctgcagTAGTCTCATGCCAAGGCACAG
atctcgagTAGTTTTTTTACAAAACAAACACTTGC
ggggacaagtttgtacaaaaaagcaggcttcATGGCATACTTAAGCTTCAAG
ggggaccactttgtacaagaaagctgggtcTTATTGCAAGAAGTCCATACA
ggggacaagtttgtacaaaaaagcaggcttcatgCATCATTTTGTCCCTGAC
ggggaccactttgtacaagaaagctgggtcACCTGTTGTGTGGTTTCCGTG
gaagcttcgATGGCATACTTGAGCTTCAAGTCT
gctcgagTTGCAAGAAGTCCATACAATG
gaagcttATGGCATACTTGAGCTTCAAG
gctcgagTTGCAAGAAGTCCATACAATG
ccatATGGCATACTTAAGCTTCAAGTC
actgcagTTATTGCAAGAAGTCCATAC
gccATGGAGCATCACCATCACCATCACGAGGAGCAGAAGCTGATCTC
actgcagTTATTGCAAGAAGTCCATAC
TGTCAATGGGATGTGGAATG
GGAGGAGGAATAGGCTGGTT
TGGTGGTATGACGCAAAGTG
CGGTCCCAAAAGACAACAAG
CTGTTGACTACGAGCAGGAGATGGA

Lowercase nucleotides are noncomplementary 5′ extensions comprising all or part of various restriction enzyme sites (underlined)
and other extraneous nucleotides (e.g., Gateway). F, forward; R, reverse; Y2H, yeast two-hybrid assay.
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