Reviewers' comments:

Reviewer #1 (Remarks to the Author):
Review of Xie et al for Nature Communications.

In this manuscript Xie and colleagues reveal that the PIF proteins, transcription factors
acting downstreamof Phytochrome photoreceptors are regulators of MIR156 genes, an
important micro RNA involved in multiple aspects of plant development. Both genetic and
molecular techniques are used to make this connection. Connecting these two pathways will
be of interest to many in the plant biology community.

There are several issues that need to be addressed before publication.
Major:

1) Statistical analyses. The phenotypic experiments are aimed at showing that various
mutant lines have a different response to end-of-day far-red (EOD-FR) than wild type. Two
types of analyses are performed: a) Student’s t-tests separately for each genotype to
determine if the genotypedid or did not have a significant responseto EOD-FR; and b)
Student’s t-tests on the percent reduction in response to shade, comparing each mutant
backto wild type. Thetest listedas “a)” above is reasonable but does not addressthe
guestion of significant differences among genotypes. However, I am concerned that the test
listed as “b)”was not done correctly (at a minimum it was not documented well). Calculating
the error of ratios between two different groups is quite challenging (both the numerator
and denominator measurements have theirown errors, propagating these through the
division is non-trivial) and there is no indication of how this was dealt with (if at all). One
correct approach would be to forgo the percentages and analyze the untransformed data
with a 2-way ANOVA with interaction; the interaction termwould indicate a significantly
different response fromwild-type. (For a partial discussion of this approach, see Brady et al,
Plant Cell (2015) 27:2088-2094). If the ratio test have been done correctly, that detail
needs to be presented in detail in the methods. Additionally Student’s t -test is incorrectly
referred to in the methods as “"Student’s t-test for analysis of variance test”. Student’s test
is a test for similarity of means it is not an analysis of variance. It is unclear how Fisher’s
least significant differences were applied here; please explain.

2) The term™simulated shade” is incorrectly used. Since canopy shade lowers the R:FR ratio
but does not cause an EOD-FR, it is incorrect to referto the EOD-FRtreatment here as
“simulated shade”. You can explain that EOD-FR causes plant phenotypes similar to that
seen in shade or low R/FR and that you are therefore using it as a proxy, but then referto
your treatment as EOD-FR throughout.

Minor.

In the intro, when discussing the lack of studies of adult SAS, the work of Nozue et al
(2015) should be acknowledged.



Fig 4: “"CK" should be defined in figure legend.

Occasional editing for proper grammar is needed, but generally the writing is excellent.

Reviewer #2 (Remarks to the Author):

miR156 is an evolutionary conserved miRNA in both sequence and function in plants. It was
first shown to be the master regulator of vegetative phase change in plants. Recent studies
also demonstrated the versatile roles of miR156 in a plethora of different physiological,
biochemical, and developmental processes in plants. Xie, et al. in this manuscript nicely
demonstrateda brand-new role of miR156 by providing a molecular link between PIFs and
miR156 in mediating shade avoidance syndrome in Arabidopsis. Results from this
manuscript may have great potential in breeding for crops optimal for high density planting
given that miR156 targets have been shown to be required for ideal plant architecture
establishment in crops. The paperwas well-written, data shown are solid and pretty much
support what the authors claimed in the manuscript. I think this manuscript is well suitable
for the publication in NC. The following is my questions forthe authors:

1. Results in Figl and Fig.2 indicated that PIF-OE plants, pifq, MIR156-0OE, MIM156, and
wild type exhibited various responses, oreven to a lesserdegree, to simulated shade
conditions. Therefore PIFs and miR156 actually are genetically not required for the response
to EOD-FR. Is it possible that PIFs actually actin parallel to miR156, i.e. PIFs and miR156
share common downstreamtargets, say SPLs, to regulate the response given the proven
result that SPL9, one target of miR156, physically interacts with DELLA, and DELLA also
physically interacts with PIFs. Please include this possibility in the discussion.

2. As shownin Fig.3A, there was about 3-fold reduction in the level of mature miR156 in
wild type after 3-hour treatment with EOD-FR. It is widely known that miR156A and
miR156C constitute the majority of the mature miR156 in Arabidopsis. However, the
authors were not able to show the interaction of PIFs with these twoimportant loci. Please
explain this.

3. According to the model presented in Fig. 5, PIFs act as negative regulators of miR156,
and miR156 acts downstream of PIFs in response to simulated shade conditions; therefore
we would expect that MIR156-OE plants would at lease partially reduce the constitutive SAS
conferred by PIF-OE plants; however data of PIF5-OE/ MIR156-OE plants in Fig.5A, 5B,and
5C did not support this hypothesis. Please explain this inconsistency in detail.



Below are our specific responses to each of the questions from the reviewers:
Reviewer #1 Remarks to the Author

Q1. Statistical analyses. The phenotypic experiments are aimed at showing
that various mutant lines have a different response to end—of-day far-red
(EOD-FR) than wild type. Two types of analyses are performed: a) Student’ s
t—tests separately for each genotype to determine if the genotype did or did
not have a significant response to EOD-FR; and b) Student’ s t—tests on the
percent reduction in response to shade, comparing each mutant back to wild
type. The test listed as “a)” above is reasonable but does not address the
question of significant differences among genotypes. However, I am concerned
that the test listed as *“b)” was not done correctly (at a minimum it was
not documented well). Calculating the error of ratios between two different
groups 1s quite challenging (both the numerator and denominator measurements
have their own errors, propagating these through the division is non—trivial)
and there is no indication of how this was dealt with (if at all). One correct
approach would be to forgo the percentages and analyze the untransformed data
with a 2-way ANOVA with interaction,; the interaction term would indicate a
significantly different response from wild—-type. (For a partial discussion
of this approach, see Brady et al, Plant Cell (2015) 27:2088-2094). If the
ratio test have been done correctly, that detail needs to be presented Iin
detail in the methods.

Response: As suggested, two-way ANOVA with interaction as referred in Brady et al.
(2015) was adopted in this study to better evaluate the significant difference among
genotypes treated or untreated with EOD-FR. The aov functions implemented in the
'stats’ package of the R programming language (version 3.3.1) were used. Also the
TukeyHSD in the 'stats' package was used for all pairwise comparisons, with p-values
corrected for multiple comparison to control against type | errors. We supplied the

detailed outputs produced in the supplementary for your better consideration (see



Supplementary sheets) and re-marked the plots accordingly (See new Fig 1B, 2B, 5B,
S1B, S3B and S11B).

In addition, we agreed with the reviewer that random variable expressed as the ratio
of two random variables should be taken with care and accepted the reviewer’s advice to
remove the ratio (reduction or increase) and Fig 1C, 2C, 5C, S1C, S3C and S11C.

Q2. Additionally Student’ s t—test is incorrectly referred to in the methods
as “Student’ s t—test for analysis of variance test” . Student’ s test Is
a test for similarity of means it 1s not an analysis of variance. [t 1s unclear
how Fisher’ s least significant differences were applied here; please
explain.

Response: Thanks for pointing this out. We corrected this mistake in the revised material
and method section. We initially attempted to use the Fisher’s least significant
differences to measure the significant differences among genotypes. Later we found that
the two-way ANOVA could better illustrate both the differences among genotypes and
the differences for each genotype under WL and EOD-FR conditions (as shown in new
Fig 1B, 2B and 5B). Thus we used the two-way ANOVA with interaction for this

analysis.

Q3. The term “simulated shade” is incorrectly used. Since canopy shade
lowers the R:FR ratio but does not cause an EOD-FR, it is incorrect to refer
to the EOD-FR treatment here as “simulated shade” . You can explain that
EOD-FR causes plant phenotypes similar to that seen in shade or low R/FR and
that you are therefore using It as a proxy, but then refer to your treatment
as FOD-FR throughout.

Response: Thanks for the valuable suggestion! We revised the introduction of EOD-FR

treatment in the result section as suggested.

Q4. In the intro, when discussing the lack of studies of adult SAS, the work
of Nozue et al (2015) should be acknowledged.
Response: Thanks for kindly reminding! The work of Nozue et al. (2015) on adult SAS



was cited in the introduction section and the order of references was re-labeled

accordingly.

Q5. Fig 4: “CK” should be defined in figure legend.

Response: Thanks. "CK" in this study means that the tobacco leaves injected with empty
vector pSPYCE only, which was used as a control. For easier understanding all the "CK"
in Fig 4 A and C were replaced with "pSPYCE".

Q6. Occasional editing for proper grammar is needed, but generally the

writing 1s excellent.
Response: Thanks. We have carefully proofed the manuscript and corrected all the

grammar mistakes we found.

Reviewer #2 Remarks to the Author

Q1. Results in Figl and Fig. 2 indicated that PIF-OF plants, pifq, MIR156-0F,

MIN156, and wild type exhibited various responses, or even to a lesser degree,

to simulated shade conditions. Therefore PlFs and miR156 actually are
genetically not required for the response to EOD-FK. [s it possible that PIFs
actually act In parallel to miR156, 1i.e. PlFs and miR156 share common
downstream targets, say SPLs, to regulate the response given the proven
result that SPLY, one target of miR156, physically interacts with DELLA, and
DELLA also physically interacts with PIFs. Please include this possibility
in the discussion.

Response: Thanks for the valuable comments. First, we wish to clarify that our results
show that the PIF-OE plants exhibited constitute shade avoidance syndrome (SAS) even
under normal high R:FR conditions (WL), and showed less sensitivity to EOD-FR
treatment, while the MIR156-OE plants exhibited reduced SAS under normal WL

conditions, and were more sensitive to EOD-FR treatment (Fig 1, Fig 2, Fig S1 and Fig
S3). These observations suggest that the MIR156-OE plants had opposite SAS response



to the PIF-OE plants. Next we confirmed that PIFs directly bind to several MIR156
promoters and repress their transcription (Fig 3 and Fig 4). Finally we verified the genetic
relationship between PIF and MIR156 by comparing the responses of various single
mutants and higher order mutants to EOD-FR treatment (Fig 5; also see Response to Q3
below). Thus we concluded that MIR156s are direct targets of PIFs in mediating SAS.
Reviewer #2 also raised an intriguing possibility that PIFs may act in parallel
to miR156, i.e. PIFs and miR156 share common downstream targets, say SPLs,
to regulate the response given the proven result that SPL9, one target of
miR156, physically interacts with DELLA, and DELLA also physically interacts
with PIFs. Indeed, it has been previously shown that DELLA could directly
interact with both SPL9 and PIFs, and suppress their activities (De Lucas
et al., 2008; Feng et al., 2008; Yu et al., 2012). However, whether SPL
proteins directly interact with PIFs remains unknown. To clarify this issue, we
performed two sets of additional experiments (as suggested by you). First, we tested
whether PIFs could directly bind to the promoters of SPL genes to directly regulate SPL
expression (so that bypassing miR156s). Promoter sequence analysis found that the
promoters of all of the miR156-targeted SPLs genes (including SPL2, SPL3, SPL4, SPL5,
SPLY, and SPL15) except SPL10 and SPL11 contain the typical PIF binding sites (G-box
or PBE-box) (Table 1 below for review only). However, yeast one-hybrid assay revealed
that no direct binding of PIFs (PIF1, PIF3, PIF4 and PIF5) to any of the SPL promoters
containing G-box or PBE-box (pSPL2, pSPL3, pSPL4, pSPL5, pSPL9 and pSPL15)
(Figure 1 below for review only). This result suggests that it is unlikely PIFs directly
regulate the transcription of these SPLs. Second, we tested whether PIFs could regulate
SPL activity by protein-protein interaction using yeast two-hybrid assay. Again, no
interaction was detected between SPLs with PIFs (Figure 2 below for review only). These
results are consistent with our proposition that PIFs regulate SPL gene expression/activity
mainly through regulating MIR156s. We discussed this point in our revised manuscript.



Table 1. The number of G-box or PBE in putative SPL promoters

Length G-box (5’CACGTG3’) _ PBE (5'CACATG3))
pPSPL2 3257 bp 1 2
PSPL3 2917 bp 1 2
pPSPL4 3077 bp 1 2
PSPL5 2744 bp 1 0
PSPL9 3021 bp 0 5
pPSPL10 1747 bp 0 0
pSPL11 2738 bp 0 0
pSPL15 1252 bp 0 1

pLacZi2u pSPL2 pSPL3 pSPL4 pSPLS pSPLI pSPLIS i 1 No direct binding of PIFs to

AR EEEEEEE SPL promoters was detected.

PIFI EEEEEEE Yeast one-hybrid assay showing that
there was no direct binding of PIFs to the

P EEEEEEE promoters of miR156-targeted SPLs

PIF4 EEEEEEE genes. The binding of FHY3 to the ELF4

i EEEEEEE promoter was used as a positive control
(Lietal., 2011).

FHY3+pELF4

-—

AD BD

PIF1 SPL2 .
PIF1 SPL3 D.
PIF1 SPL4 .
PIF1 SPL5 .
PIF1 SPL10 . .
PIF1 SPL11 . PIF3 SPL11- PIF4 SPL11 -
PIFT SPLIS B . PIF3 SPL15 @. PIF4 SPL15 -. PIF5 SPL15

pGADT7 pGBKT7 - pGADT7-T pGBKT7-53

PIF4 SPL10

Fig 2. No interaction between PIFs and SPLs was detected.
Yeast two-hybrid assay showing that there was no interaction between PIFs and SPLs. Seven
miR156-targeted SPLs were used in this assay. The interaction between pGADT7-T and pGBKT7-53 was

used as a positive control.

Q2. As shown in Fig. 34, there was about 3—fold reduction in the level of mature



miR156 in wild type after 3—hour treatment with EOD-FR. [t is widely known
that miR156A and miR156C constitute the majority of the mature miRI56 in
Arabidopsis. However, the authors were not able to show the interaction of

PIFs with these two important loci. Please explain this.

Response: Thanks for pointing out this. We have noticed that miR156A and miR156C
played important roles in plant growth and development, especially in response to sugar
promotion of vegetative phase change in Arabidopsis (Yang et al. 2013; Yu et al. 2013).
Our search of the miRBase database showed that miR156A-F had similar content in
Arabidopsis, i.e. MIR156A, MIR156B, MiR156C, MIR156D, MIR156E and MIR156F had
comparable reads (10501, 10757, 10585, 12422, 10391 and 10418 reads per million in
mature sequence, respectively), while MIR156G and MIR156H had rather low content
(www.mirbase.org). Our promoter sequence analysis revealed that there were one PBE
(PIF binding element, 5’CACATG3’) in the MIR156A promoter and two G-boxes
(5’CACGTG3’, the typical binding site for PIF proteins) and one PBE in the MIR156C

promoter (See supplementary Fig. 6). However, no binding of any PIF proteins (we used

in this study) to these two promoters was detected in our yeast one-hybrid assay. Our
ChIP-PCR results also showed there were no significant binding of PIFs to these
fragments containing PBE or G-box elements. Besides, we searched all the data available
online about PIF targets, including Leivar et al. (2009, 2012), Hornitschek et al. (2012)
and Zhang et al. (2013). However, none of them detected MIR156A or MIR156C as
putative direct targets of PIF proteins. Together, these results suggest that it is unlikely
PIFs directly regulate MIR156A or MIR156C.

Q3. According to the model presented in Fig. 5, PIFs act as negative
regulators of miR156, and miR156 acts downstream of PIFs in response to
simulated shade conditions; therefore we would expect that MIR156—0F plants
would at lease partially reduce the constitutive SAS conferred by PIF-OF
plants; however data of PIF5-O0E/ MIR156-0F plants in Fig. 54, 5B, and 5C did
not support this hypothesis. Please explain this Inconsistency in detail.

Response: Thanks for careful reviewing. We double checked all the figures and data


http://www.mirbase.org/

about the relationship between PIF5 and miR156 under both white light and EOD-FR
conditions, including Figure 5A-B and Figure S11A-B. We believe that our data (rosette
leaf number, leaf blade area, petiole length, rosette-leaf branches and plant height) are
consistent with our proposition that MIR156s act downstream of PIFs in regulating SAS.

For example, in the case of rosette leaf number, under white light (WL) condition,
wild type (WT), PIF5-OE and MIR156-OE plants had 11.66, 2.43 and 17.8 rosette leaves,
respectively, while PIF5-OE/MIR156-OE plants had 12.45 rosette leaves, which showing
that MIR156-OE largely rescued the effect conferred by PIF5-OE in the
PIF5-OE/MIR156-OE plants (Fig 5A-B). Under EOD-FR treatment, the WT, PIF5-OE
and MIR156-OE plants had 6.35, 1.98 and 14.2 rosette leaves, respectively, while the
PIF5-OE/MIR156-OE plants had 8.47 rosette leaves, again showing that MIR156-OE
largely rescued the effect conferred by PIF5-OE in the PIF5-OE/MIR156-OE plants (Fig
5 A-B). This consistency was also confirmed by the reduction (percentage) of rosette-leaf
number. After EOD-FR treatment WT, PIF5-OE and MIR156-OE plants showed
43.544.1%, 17.842.7%, 30.242.9% reductions, respectively, while PIF5-OE/MIR156-OE
plants showed 31.944.8% reduction, indicating that MIR156-OE largely compensated the
effect of PIF5-OE in the PIF5-OE/MIR156-OE plants on rosette leaf number (Fig 5
A-B).

In the case of leaf blade area, under WL conditions, the leaf blade areas of WT,
PIF5-OE, MIR156-OE, PIF5-OE/MIR156-OE were 0.186, 0.116, 0.365, and 0.126 cm?,
respectively; under EOD-FR conditions, the leaf blade areas of WT, PIF5-OE,
MIR156-OE and PIF5-OE/MIR156-OE plants were 0.158, 0.109, 0.278 and 0.094 cm?,
respectively (Fig 5 A-B). Although the leaf blade area of PIF5-OE/MIR156-OE plants
was more similar to that of PIF5-OE under WL conditions, however, after EOD-FR
treatment, PIF5-OE/MIR156-OE displayed a similar reduction (percentage) in leaf blade
area to MIR156-OE, but not PIF5-OE. The reductions for WT, PIF5-OE MIR156-OE and
PIF5-OE/MIR156-OE plants were 15.143.6%, 5.842.8%, 23.742.5%, 25.442.6%,
respectively (Fig 5 A-B).



In the case of petiole length, under WL conditions, the petiole lengths of WT,
PIF5-OE MIR156-OE and PIF5-OE/MIR156-OE plants were 0.672, 0.899, 0.534 and
0.753 cm, respectively; under EOD-FR conditions, the petiole lengths of WT, PIF5-OE
and MIR156-OE and PIF5-OE/MIR156-OE plants were 0.773, 0.951, 0.679 and 0.943
cm, respectively. Although the petiole length of PIF5-OE/MIR156-OE plants was more
similar to that of PIF5-OE, however, after EOD-FR treatment, PIF5-OE/MIR156-OE
displayed a similar increase (percentage) to MIR156-OE, but not PIF5-OE. The increases
for WT, PIF5-OE, MIR156-OE and PIF5-OE/MIR156-OE plants were 20.942.4%,
5.843.3%, 27.143.8% and 26.243.7%, respectively (Fig 5 A-B), showing that
MIR156-OE could largely rescue the effect of PIF5-OE in the PIF5-OE/MIR156-OE
plants on petiole length in response to EOD-FR.

In the case of rosette-leaf branch, under WL conditions, the WT, PIF5-OE,
MIR156-OE and PIF5-OE/MIR156-OE plants had 4.16, 0.37, 5.47 and 3.83 branches,
respectively; under EOD-FR conditions, the WT, PIF5-OE, MIR156-OE and
PIF5-OE/MIR156-OE plants had 1.89, 0.22, 2.06 and 1.65 branches, respectively (Fig 11
A-B). In response to EOD-FR, the WT, PIF5-OE, MIR156-OE and
PIF5-OE/MIR156-OE plants exhibited 50.742.5%, 21.243.7%, 62.342.5%, 57+1.7%
reduction in rosette-leaf branches, respectively (Fig 11 A-B). These data suggest that
MIR156-OE effectively rescued the effect conferred by PIF5-OE in
PIF5-OE/MIR156-OE plants on rosette leaf branch number.

In the case of plant height, under WL conditions, the plant heights of WT, PIF5-OE,
MIR156-OE and PIF5-OE/MIR156-OE plants were 16.32, 22.92, 7.06 and 6.45 cm,
respectively; under EOD-FR conditions, the plant heights of WT, PIF5-OE, MIR156-OE
and PIF5-OE/MIR156-OE plants were 19.4, 24,98, 8.21 and 8.47 cm, respectively (Fig
11 A-B). In response to EOD-FR, the plant heights of the WT, PIF5-OE, MIR156-OE
and PIF5-OE/MIR156-OE plants increased by 20.143.9%, 8.942.3%, 31.242.9% and
25.343.2%, respectively (Fig 11 A-B). These data indicated that MIR156-OE also
effectively rescued the effect of PIF5-OE in the PIF5-OE/MIR156-OE plants on plant
height.
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REVIEWERS' COMMENTS:

Reviewer #1 (Remarks to the Author):

My concerns have been adequately addressed. This is an interesting paper that should be of
interest to a broad range of plant biologists.

Reviewer #2 (Remarks to the Author):

Xie, et al. in this manuscript nicely addressed my questions in a perfect manner.Results

from this manuscript will have some valuable potential in breeding for crops optimal for high
density planting. I highly recommend its acceptance by Nature Communications.



	Reviewers 0
	rebuttal A
	REVIEWERS A



