UNIVERSITY OF LEEDS

This is a repository copy of SIHY5 Integrates Temperature, Light and Hormone Signaling
to Balance Plant Growth and Cold Tolerance..

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/140540/

Version: Supplemental Material

Article:

Wang, F, Zhang, L, Chen, X et al. (8 more authors) (2019) SIHY5 Integrates Temperature,
Light and Hormone Signaling to Balance Plant Growth and Cold Tolerance. Plant
physiology, 179. pp. 749-760. ISSN 0032-0889

https://doi.org/10.1104/pp.18.01140

© 2018 American Society of Plant Biologists. All rights reserved. This is an author
produced version of a paper published in Plant physiology. Uploaded in accordance with
the publisher's self-archiving policy.

Reuse

Items deposited in White Rose Research Online are protected by copyright, with all rights reserved unless
indicated otherwise. They may be downloaded and/or printed for private study, or other acts as permitted by
national copyright laws. The publisher or other rights holders may allow further reproduction and re-use of
the full text version. This is indicated by the licence information on the White Rose Research Online record
for the item.

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/



mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

A B
» 100
S CJup
© ’\380' Down a
=R
(8]
o O 60} J—‘
- °Q b
"% _dg’ §40_ c €
&~ 20}
Up Down Up Down 2
0
25°C 4°C 25°C 4°Cc

Supplemental Figure S1. Effect of gatial variation on the cold tolerance of tom#@&and B, Phenotypes (A) and
the relative electrolyte leakage (iB)leaves at the™(Up) and %' (Down) ranks from the bada plants atl1-leaf
stage under white light conditions after exposure to 4 °C for 7 d. Data are presettiednean of 4 biological

replicates (xSD). Different letters indicate significant differences (P< 0.05) accordhrgligkey’s test.
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Supplemental Figure S2. Effect of FR intensity on the cold tolerance of tomatand B, Phenotypes (A) anlaet
relative electrolyte leakage (B) df #eaves of the tomato plants at 6-leaf stage grown in temperature-controlled
chambers at 25 °C or 4 °C under L-FR oFRight conditions for 7 d. @ndD, Changes of NPQ (C) and PsbS
protein (D at 4" leaves of the tomato plants at 6-leaf stage grown at 25 °C or 4 °C undeolLH-RR light
conditions for 3 d and 1 d, respectively. E, De-epoxidation state of the xanthophylhayxgeomato plants after
expogsire to 25 °C or 4 °C for 3 d under L-FR orffR light conditions. F, Transcriptome analysis of differentially
expressed genes in the photosystems and photoprotection of tomato plants after exposure to a cold at 4 °C for 6 h
under H-FR and L-FR light conditions. The color (from green to red) represents gene expnéssgity (based

on logo RPKM values) from low to high. For the L-FR and H-FR, R/FR ratio ahddb0.5, respectively, plants
were kept at R conditions (200 umoPrs') supplemented with different intensities of FR (133 pmélghand

400 umol n? s?). Data are presented as the mean of 4 biological replicates (+SD). Different hedteadei
significant differences (P€.05) according to the Tukey’s test.
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Supplemental Figure S3. Silencing efficiency and cold tolerance of HY5-RNAi and COP 1-RNAIi tomato plants.
A, Relative expression of HY¥@ndCOP1 in the respective HY5-RNAi and COP 1-RNAi plants. Samples are from
the 4" leaf of RNAI plants at 4-leaftage Relative gene expression for H¥d COP1 genes were calculated
using the wild type (WT) plants as 1. Bhenotypes and survival ratesnifd type (WT), HY5-RNAi and COP 1-
RNAI tomato plantgrown in temperature-controlled chambers at 4 °C under L-FRFR ktht conditions for

7 d. Survival rates were measured by recovery at 25 °C for 6 d after the chélitgent (4 °C for 7 d) (n = 4),
each replicate had 16 plants. C, The relative electrolyte leaadiexidized protein (proteins with carbonyl
groups, a marker for oxidative damage in vivo) in leaves after 7 d and 3 d cold stress, respectively, under L-FR or
H-FR light conditions. For the ER andH-FR, R/FR ratio at 1.5 and 0.5, respectively, plants were kept at R
conditions (200 umol rhs?) supplemented with different intensities of FR (133 pumélshand 400 pmol ms

1). Data are presented as the mean of 4 biological replicates (+SD). Differentheliatei significant differences
(P< 0.05 according to the Tukey’s test.
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Supplemental Figure $4. Cold tolerance of HY®verexpressing transgenic tomato linAs Western blotting
analysis of transgenic plants expressing tHA-3agged HY5 transgene. Total proteins were extracted from the
leaves and equal amounts of proteins (10 pg) were subjected to SDS-PAGE, and probed witiHAn anti
monoclonal antibody. Three independent experiments were performed with similar results. OE, overgxpressin
#1, #2, #3 and #4, four independent lines of HY5 overexpressingHEYplants. B and C, The relative electrolyte
leakage (B)and changes in maximum photochemical efficiency of PSIl (Fv/Fm) (C) in wpe §WT) and
independent transgene-positive lines (HOYB#1 andOE#3) after exposure to 4 °C at H-FR (R/FR ratio, 0.5) light
conditions for 7 d. The false color code depicted at the bottom of the image ranges from 0 (black) to 1.0 (purple)
represented the level of damage in leaves. D, Western Blot detection of oxidized proteiresiafies\8 d cold
stress under H-FR light conditiorisor the HFR, R/FR ratio at 0.5, plants were kept at R conditions (200 pumol
m? s1) supplemented with FR (400 umot?rg?). Three independent experiments were performed with similar
results.Data are presented as the mean of 4 biological replicates (£SD). Different ledieegei significant
differences (P< 0.0%ccording to the Tukey’s test.
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Supplemental Figure S5. Transcripts of genes involved in Foyer-Halliwell-Asada cycle in WT, HY5-Ral#d
COP1-RNAi tomato plant$sene expression @u/Zn-SOD, tAP X, MDAR, DHAR and GR1 after tomato plants
exposed to 25 °C or 4 °C under L-FR or H-FR light conditions for 3 dhedc-FR and H-R, R/FR ratio at 1.5

and 0.5, respectively, plants were kept at R conditions (200 urhstnsupplemented with different intensities

of FR (133 and 400 pumol#s?'). Data are presented as the mean of 4 biological replicates (+SD). Different letters

indicate significant differences (Rx05) according to the Tukey’s test.
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Supplemental Figure S6. HY5 regulated ABA-mediated stomatal movement dindctly binds to the G-boxes
of the ABI promoters in vitroA and B,Representative light microscopy image of stomata (A) and stomatal aperture
(B) in response to different FR light intensities after exposure to 4 °C fd8,1Gtboxelements in the promoters
of tomatoABI (ABI3-1, ABI3-2 andABI5) genes. Numbering is from predicted transcriptional start sites. C, HY5
directly binds to the G-boxe @4BI5 promoter in vitro. For the IER and H-FR, R/FR ratio at 1.5 and 0.5,
respectively, plants were kept at R conditions (200 umbk) supplemented with different intensities of FR
(133 and 400 umol ths?). Stomatal aperture are the average means of three biological replicates, and each

replicate is the average value of stomata in a field of microscope (with about 25 stamatagach treatment.
Scale bars = 10m. Different letters indicate significant differencés<(0.05 according to the Tukey’s test.
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Supplemental Figure S7. Silencing efficiency and cold tolerance of ABAINSENSITIVE 5 (ABI5) silenced (pTRV
ABI5) plants.A, Phenotypes of non-silenced (pTRV) and silenced (pTRV-ABI5) tomato plants. PDS (phytoene
desaturase gene, a gene involved in chlorophyll biosynthesis)-silenced (pTRV-PDS) tomatwadansed to
monitor the virus-induced gene silencing (VIGS) progression. Photographs were taken 3 weekR\after
infection. B, Relative expression of ABI5 in the VIGS plants was calculated using the pTRV plati®©%s
Samples are from thé"4eaf of six silenced plants. C and Phenotypes (Candthe relative electrolyte leakage
(D) of pTRV andpTRV-ABI5 tomato plantgrown in temperature-controlled chambers at 25 °C or 4 °C under L-
FR or HFR light conditions for 7 d. For the L-F&dH-FR, R/FR ratio at 1.5 and 0.5, respectively, plants were
kept at R conditions (200 pumols?) supplemented with different intensities of FR (133 and 400 pniatin

Data are presented as the mean of 4 biological replicates (xSD). Differentitetieate significant differences
(P< 0.05 according to the Tukey’s test.
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Supplemental Figure S8. Cold tolerance of WBnd RBOH1-RNAI transgenic tomato plams Survival rates of
WT andRBOH1-RNAitomato plant&xposed to 25 °C or 4 °C under L-FR oFR{ight conditions for 7 d, and
recoveedat 25 °C for 6 d after the chilling treatment (n = 4), each replicate had 16 Blamd.C,Phenotypes
(B) and the relative electrolyte leakage (C)WT and RBOH1-RNAitomato plantsgrown in temperature-
controlled chambers at 25 °C or 4 °C under L-FR dtRight conditions for 7 d. D, Cytochemical localization
of H.O, accumulation in leaf mesophyll ced$ WT and RBOH1-RNAI as visualized by CeGtaining and TEM.
Samples were harvested 1 d after cold treatment. The arrows indicatepfaefflitates. Scale bars = Qun. For
the LFR andH-FR, R/FR ratio at 1.5 and 0.5, respectively, plants were kept at R conditions (200 s¥)l
supplemented with different intensities of FR (133 and 400 purfosth Data are presented as the mean of 4
biological replicates (+SD). Different letters indicate significant differences (P £&0&rding to the Tukey’s
test.
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Supplemental Figure S9. Relative expression of CEF related genes in response to cold stress and far red. A and
B, Transcription of PGR5, PGRL1A PGRLHRJORR genes in the tomato phytochrome mutant plants (A) and
HY5-RNAIi, COP1-RNAi, OE-HY5 plants (B), whiolxposed to 4 °C for 6 h under L-FR ofRlight conditions

C andD, Transcription of PGR5, PGRL1A, PGRL1B and ORR genes in the tomafesiBnced plants (C) and
RBOH1-RNAI plants (D), whiclexposed to 25 °C or 4 °C for 6 h under L-FR oFRiHight conditions. For the

L-FR andH-FR, R/FR ratio at 1.5 and 0.5, respectively, plants were kept at R conditions (200 [frgd) m
supplemented with different intensities of FR (133 and 400 unfosth Data are presented as the mean of 4
biological replicates (xSD). Different letters indicate significant differences (P9 £:8&rding to the Tukey’s

test.
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Supplemental Figure S10. Transgenic tomato gfgr5 mutant and PGRSverexpressing plants. Ahe diagram
displays the structure of the PGR5 gene. The PGR5 gene has two exons (black closeahdavas)introns
(black horizontal lines). PAM is indicated by blue, single guide RNA (sgRNA)ndscated by green
one insert mutation of a single nucleotide is indicated by yellow, and stop codon is inardl.(BSequencing
results in pgr5#4 (B) anggr5#5 (C) mutantsD and E, Phenotypes in the WT, pgr5#5 mutard OE-PGR5#3
tomato plants (D) and relative expression of PGR5 gene in the -B@RExpressing (OE-PGR5#3 afdE-
PGR5#5) transgenic tomato plants.(&amples are from thé'deaf of PGRSoverexpressing transgenic tomato
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significant differences (P< 0.9according to the Tukey’s test.
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Supplemental Figure S11. Cold tolerance and cyclic electron flux (CEF) around iRgigr5 mutantand OE-
PGRS5 plantsA and B,Phenotypes (Aand the relative electrolyte leakage (B)WT, pgr5#5 mutanand OE-

P GR5#3omato plantgrown at 4 °C under L-FR or AR light conditions for 7 d. QRost-illumination chlorophyll
fluorescence (CEF around PSWT, pgr5#5 mutanand OE-P GR5#&mato plantgrown at 4 °C under L-FR

or H-FR light conditions for 3 d. For the ER and HFR, R/FR ratio at 1.5 and 0.5, respectively, plants were kept
at R conditions (200 pmol-#s?) supplemented with different intensities of FR (133 and 400 pniat’in Data

are presented as the mean of 4 biological replicates (£SD). Different letters indicdteasigdifferences (P<
0.05) according to the Tukey’s test.
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Supplemental Figure S12. Changes oAP700maxin WT and OE-PGRS5 tomato plants as altered by the silencing
of HY5, ABI5 or RBOH1. Tomato plants grown at 4 °C under L-FR orRHliht conditions for 7 d-or the L-FR

and HFR, R/FR ratio at 1.5 and 0.5, respectively, plants were kept at R conditions (200 sidlsupplemented
with different intensities of FR (133 and 400 umal ). Data are presented as the mean of 4 biological replicates
(xSD). Different letters indicate significant differences (P< 0.05) according fukieg’s test.



1 Supplemental Table S3. PCR primer sequences used for vector construction.

Vector primer
OE-HYS Forward 5-TTGgcgcgccATGCAAGAGCAAGCGACGAG-3
Reverse 5-ACGCgtcgacCTTCCTCCCTTCCTGTGCAC-3
Forward 5-CGCggatccATGCAAGAGCAAGCGACGAG-3
pET-32a-HY5
Reverse 5-CGgagctcCTACTTCCTCCCTTCCTGTG-3
Forward 5-CCGgaattcCACAGGAAGGGAGGAAGTAG-3
PTRVZ-HYS Reverse 5-CGCggatccCTTTTACACCGAGTCTTATC-3
Forward 5-CGCgaattcGGGAAATGTTTCGTTGGA3
PTRVZ-ABIS Reverse 5-CGCggatccGAGCTGAATTGCCCTGTT:3
Forward 5-ATACGCgagctcAAGAATGGGGTTGATATTGT-3
pTRV2-RBOH1
Reverse 5- ATACCGctcgagCTCTGACTTATTCCTTAC-3
REOHL-RNAI Forward 5'-GGCCatttaaatggatccCGTTCAGCTCTCATTACC-3
Reverse 5'-TTggcgcgcctctagaCCGAAGATAGATGTGTGT-
ogr5 Forward 5'-gattgTTGGAAAGGCAGTGAGATCA3'
Reverse 5-aaacTGATCTCACTGCCTTTCCAAG!
Forward 5-TTggcgcgccATGGCAATTACAAGTTCAATTGCA-3
OE-PGRS Reverse 5-CGGggtaccAGCAAGAAATCCAAGTTTTTCACC-3
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Supplemental Table $4. List of primer sequences used for gqRT-PCR analysis.

Accession
Gene Forward primer (5°-3°) Reverse primer (5’-3°)
number
HY5 NM_001247891 GCAAGCGACGAGTTCTAT ATCTCCGGCACTCTTCTG
COP1 NM_001247118 TGGGACAGTGACAGAATGGG TTGGGATAGAGTTGACTGGTAG
Cu/Zn-SOD  Solyc11g066390 GGCCAATCTTTGACCCTTTA AGTCCAGGAGCAAGTCCAGT
CAPX Solyc069g005160 TCTGAATTGGGATTTGCTGA CGTCTAACGTAGCTGCCAAA
MDAR DQ665255 TCCGAACAAACATACCTGGA CGTGTGTGCAGTTAGCAATG
DHAR DQ521269 ATGGGCAGAATGTTTGTTCA TTTCAGGCACACTCCACTTC
GR1 Solyc09g091840 TTGGTGGAACGTGTGTTCTT TCTCATTCACTTCCCATCCA
ABIS XM_010327617 AGAGCAGCAACAGAACAACG GCGTCATTTCACCGAACGTA
RBOH1 Solyc08g081690 GGAGCTCCAGCACAAGATTA CTTGTTGCAGCACTCATGTC
PGR5 Solyc09g090570 ATCAACTTAGGGGCAAAGCT CCTTTGCTTCTGATCTGCTCC
PGRL1A Solyc08g080050 CGATGATTTGACTGGATTCG CCACAATATGAAGGGCAATG
PGRL1B Solyc08g007770 CGATTTGACTGGATTCGAGA AACAATGGCGTTTGTGATTG
ORR Solyc04g057980 CTCCATTGACGGAGTACACG ACCCAACTCTTGGTTTCCC
ACTIN2 Solyc11g005330 TGTCCCTATTTACGAGGGTTATGC CAGTTAAATCACGACCAGCAAGAT
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Supplemental Table S5. Primers used for ChIP-gPCR assays.

Accession . .
Gene Forward primer (5°-3’) Reverse primer (5’-3°)
number

ABI5 XM_010327617 ACACGTGGAGAAGTAGGGTG TGCATGGAGAGATTGACACG




