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Supplementary Figure S1. Quality evaluation of RNAseq data.

a) Pearson Correlation of RNAseq samples to evaluate the global similarity or reproducibility between
samples. b) FPKM (Fragments Per Kilobase of exon per Million fragments mapped) normalized
measurements to estimate gene or transcript abundance from RNA-seq data. By normalizing for both
sequencing depth (per million fragments) and gene length (per kilobase), FPKM allows for accurate
comparisons of expression levels—either between different genes within the same sample or for the

same gene across different samples.
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Supplementary Figure S2. Assessment of RNAseq sample similarity, normalization effectiveness,

identification of potential outliers, and assessment of sample clustering and quality.

a) A box plot of expression quantity of the indicated RNA-seq samples to display the distribution of
gene expression levels by FPKM across the multiple samples. b) Pearson correlation of the groups of
RNAseq samples. c) PCA (Principal Component Analysis) of RNA-seq samples to visualize
relationships, detect outliers, and identify the main sources of variation across high-dimensional gene

expression samples.



Gene ontology analysis in upregulated DEGs at 0 min
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Gene ontology analysis in upregulated DEGs at 10 min

alkaloid

[ kS

small rebosomal unit
extracellular matrix |

Qualue
Qualue _ o
Zeatin biosynthe: [ ] monolayer-surrounded lipid storage body L]
Sesquiterpenoid and triterpenoid biosynthesis -| ° lipid droplet - .
%58 MAPK signaling pathway - (@) 02 protein storage vacuole -{ -
Biosynthesis of various plant secondary .- ) ell periphery - )
Plant hormone signal transduction - primary cell wall - .
40-6 Starch and sucrose metabolism -| 04 extracellular space - @
Anthocyanin biosynthesis - ° cell wall | @
Steroid biosynthesis - ° vacuolar lumen -
6e-6 Cutin, suberine and wax biosynthesis | ° 08 integral component of plasma membrane | @
Diterpenoid biosynthesis -| Y RNA polymerase Il transcription factor.. -| °
o Glucosinolate biosynthesis | ° 08 chromosome | @
Indole alkaloid biosynthesis Y extracellular region '
Gene number Isoquinoline alkaloid biosynthesis Gene number endoplasmic reficulum lumen | @
Pentose and glucuronate intercfonversions | i nuclear chromosome | °
5 2-Oxocarboxylic acid metabolism DNA polymerase Iil complex |
@68 Cyanoamino acid metabolism | @ L chloroplast starch grain _| °
@1 Carotenoid biosynthesis | @ o2 lysosome | @
Betalain biosynthesis _| ® nucleotide-activated protein kinase complex _| )
@19 Biosynthesis of various alkaloids | o O3 entral vacuole | °
metabolism | g intracellular membrane-bounded organelle
@255 @
0405 %25 03 1040203040506
Rich Ratio Rich Ratio
Gene ontology analysis in upregulated DEGs at 3h
Qualue d Qualue
U Oxidative phosphorylation -| , B
Biosynthesis of various plant secondary monolayer-surrounded lipid storage body ] .
01 Cutin, suberine and wax biosynthesis [ ] lipid droplet 3
Glucosinolate biosynthesis - ] 0.05 extracellular space | _@®
2-Oxocarboxylic acid metabolism-{ @ protein storage vacuole -{ @)
02 Isoquinoline alkaloid biosynthesis -{ L] cell wall .
Fatty acid biosynthesis - @ 0.1 RNA polymerase Il transcription factor complex | @
- Fatty acid metabolism-| @ ome | .
g Anthocyanin biosynthesis ) ‘small ribosomal subunit 4
Phenylpropanoid biosynthesis -| @ 015 respiratory chain | b '
04 Phenylalanine metabolism | glyoxysome =
Biosynthesis of various alkaloids - apoplast | o
Gene Number Tyrosine metabolism Gene Number extracellular matrix °
o1 Cyanoamino acid metabolism 2 proton-transporting ATP synthase complex .
Photosynthesis - chioroplast nucleoid |
® ® "5 protein processing in endoplasmic reticulum | e 10 endoplasmic reiculum lumen ®
° @31 Zeatin biosynthesis -| @17 proton-transporting ATP synthase complex
° Indole alkaloid biosynthesis plant-type cell wall |
[ XY Pyruvate metabolism [ k4 plastid
. 60 Cysteine and methionine metabolism - . 22 mitochondrial large ribosomal subunit .
Rich Ratio Rich Ratio
f Gene ontology analysis in upregulated DEGs at 72h
Qualue Qualue
° o Zeatin biosynthesis ° 0
Phenylpropanoid biosynthesis - (J monolayer-surrounded lipid storage body |
01 Plant hormone signal transduction @ 01 protein storage vacuole .
Biosynthesis of various plant secondary .. [ cellwall | @
Valine, leucine and isoleucine degradation | ° SoRyeome
02 Cyanoamino acid metabolism ° 02 extracellular space L]
MAPK signaling pathway- plant-{ @ plant-type cell wall | :
3 Steroid biosynthesis - 03 lysosome N
Tyrosine metabolism | ° secretory vesicle
Photosynthesis - ° apoplast | &
04 Arginine and proline metabolism ° 04 i
Diterpenoid biosynthesis photosystem II .
Gene Number Pyruvate metabolism-| @ Gene Number extacelliar rogion /@)
02 Protein processing in endoplasmic reficulum- @ o4 lipid droplet | © @
s Phenylalanine metabolism &3 dynein complex | =
o Fatty acid biosynthesis - Graxisomal matric o
@2 Glutathione metabolism{ @ @22 nucleotide-activated protein kinase complex
Ubiquinone and other terpenoid-guinone bio. central vacuole - °
@« Tropane, piperidine and pyridine alkaloi..- @3 °
5 ’ .

) 05

Rich Ratio

o?

Rich Ratio

02
Gene Number
®2

® 19

@36

@52

o

Gene Number
o3

o2

@4

[

[ X

Qualue
)

0.25

Gene Number
2

®20

Y

@5

[ X3

Supplementary Figure S3. Gene ontology enrichment analysis of the upregulated DEGs in the time

series transcriptomic analysis of wild-type and lefko 1 seedlings upon light exposure.

a-f) Bubble charts of the top 20 KEGG pathways and Cellular Compartment enrichment analysis of

upregulated DEGs for time 0 min (c), time point 10 min (d), time point 1h (e), time point 3h (f), time

point 24h (g), and time point 72h (h).



W3'SS

e m5SS

80 - Hl mxe
H RI

60 B SE

Frequency %
N
o

N
o

0 | M o [ [] u
10 min 1h 3h 24 h 72h
W3'SS
100 5SS
80 l mxe
. B R
= 60 B SE
>
2
o 40
>
o
5}
w 20
0
W3SS
100 w5'SS
80

Frequency %
o N B [}
o (o] o

Omin 10min 1h 3h 4h 72 h

Supplementary Figure S4. Analysis of
the frequencies of the Alternative
Splicing events in wild-type and lefko 1
seedlings during light response. a, b)
Diagrams showing the frequencies of
each type of Alternative Splicing during
the time series exposure to light in wild-
type (a) or lefko 1 (b) seedlings. The five
modes of alternative splicing events,
including 3SS, 5SS, mxe, IR, and SE, are
shown. Each time point is compared to
time point 0 min (etiolated seedlings). c)
Diagram showing the frequency of
defects for each type of alternative
splicing deriving from the pairwise
comparison of wild type versus lefko 1
seedlings at the indicated time points

upon light exposure. FDR< 0.05.
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Supplementary Figure S5. Splicing events in genes are distinct from DEGs in lefko 1 seedlings
during early light response. a-f) Pie charts illustrating the number of alternative splicing defects
with positive or negative Inclusion Level Difference in the pairwise comparison of wild-type versus
lefko 1 seedlings at the indicated time points of light response (FDR< 0.05). The five modes of
alternative splicing events, including 3SS, 5SS, mxe, IR, and SE, are shown. Venn diagrams in yellow
showing the number of down- or upregulated genes (|log2FC|>1) in the pairwise comparison of
lefko 1 versus wild-type, venn diagrams in green showing the splicing defects with Inc Level Dif> or

<0, and Venn diagrams in orange showing the intersections in each case.
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Supplementary Figure S6. Impaired function of LEFKOTHEA affects the expression of genes involved in
RNA splicing, MAPK signaling, and light response pathways. 3, f, g) Heatmaps depicting the clustering of
the differentially expressed genes belonging to the “RNA splicing” (a), transcription factors belonging to
“Response to light stimulus” (f), and differentially expressed genes belonging to “MAPK signaling” terms
identified in all lefko 1 to wild type comparisons (g). Each row depicts the z-score of the log2-transformed
FPKM of each gene, whereas each column represents the time point. Only genes with FPKM>1 in most of
the timepoints were included in the analysis. Variations in gene expression level are shown by a gradient
color scale (red: higher expression; blue: lower expression). b-e) Transcript levels of the indicated light-
related genes. Data are presented as mean + SD of three biological repetition for each sample; error

bars represent SDs. Data were analyzed by t-test. *, P <0.05; **, P < 0.01; ns, non-significant.



a 0 10° 60' 3h 24h 72h b c
AT2627510 D3 < 1200 PSAD-2 S 7000 £SAO
ATAGOS390  RFNR1 & 1000 ATIG03130" _EF § oo ATIC08380) =,
AT1G30510  RFNR2 i = a0 = 5000 "
[ 3 3
ATIG15700  ATPC2 60 H ‘;ggz - o
AT1G10960 D1 [ | § 400 & o00q s e
2 s B ow =
AT2607707 atps g 2 oot ho - BollD ﬂ
g 0 S o lm
AT1G44575 NPQ4 3 & e e 3 © & R S 4 S
S et S PS S 0 S NN S A AT AV
ATSGAS040  CYTC6A E @“‘1&} e w«&‘;&« g‘»; £ @8 S SAESTES
AT4G14890 FdC1 T LA
AT1G60950  FED_A d e
ATAG28660  PSB28 PsB27 PSBP-1
5 AT1G030600 5 AT1G06680
AT1G03600  PSB27 S 1400 = & i i
AT1632550 FdC2 & 1200 P i 5 & =
= 1000 — 4000 o
AT3G01440 PnsL3 T oo o S st .
AT1620020 FNR2 < 6 5 2
AT4G0S5180  PSBQ-2 g 400 22 o g AR g
7 & 200 |-| ﬂ g 1000 ﬁ o ”
‘@ ATIGI6140  PSAH-L &% la S . mfilnlln
° & &8 & 0 0 AP 4 a0 A ) YN
@ AT1614150 PnsL2 o o ’\“« \Q@\ o8 {&\”“o“\ §a%o\}vo\¢ {s«'vo@'v o Ry \Q& \Q&’\\Q 4&‘\*0‘\ {éﬁw\}'ﬂ"o\'b}«‘b A5
£ AT26G20260  PSAE-2 & ERANE § S & Y TN
§‘ AT4G02770  PSAD-1
W AT1G55670 PSAG
O Aracsrs0  psAE1 LHCA3 LHCB3
_8 AT1630380 PSAK f IATIGE1a20 g
Q. AT4G12800 PSAL g 6000 o s
AT1G08380 PSAO & S0 n £
ATAG32260  PDE334 3 e 3
$ a0 - = 2
AT5G66190 FNR1 s - — 3
:
AT4G03280 PETC 1 2009 ns o, — I I H s
2 1000 ﬂ 2
AT3G55330 PPLL £ 0 labln Iolln E
AT4G21280 PSB! ° SRS P SISO ) & &8 SIS SIS
T3G50820 Psag/: & s‘ﬁe S “‘ée*"xé& »\&«1« g & ~°§@§x@&§ \*"\*&*\ Y w:&‘ﬂ i
:T46046d0 ATPC1 o & "é@*o * e § < @@“éf ¢ .
AT2G30570  PSBW h i
AT1631330 PSAF c o
LHCB6 P . LHCB2.1
AT5G64040 PSAN 4000 AT1G15820 S 000, AT2G05100 o

AT1G20340 DRT112
AT5G66570 PSBO1
AT1G79040 PSBR
AT1G06680 PSBP-1
AT1G76100 PETE1
AT1G52230 PSAH2

Gene expression level ( FPKM)

~ 2000 *
2
3 150
5 10004 s
§ 500 ﬂ] e ” ”
s m
0+
]
o
2
3
()

€ & S IO o S S SR F RS
& & N CaR R LI & & CaRLRG
n@»@»@é‘@@ & SIFORRINPEIRRORNAN S
AT4G09650 ATPD S T & o€ S o O T
AT1G67740 PSBY | ¥

AT1G03130 PSAD-2

LS

Y

¥ 10" 60° 3h 24h 72h

0

j AT2G40100 LHCB4.3
AT3G08940  LHCB4.2
AT3G27690 LHCB2.3
AT1G76570 LHCB7
AT1G45474 LHCAS
AT1G19150 LHCA6

i AT1G15820 LHCB6
AT4G10340 LHCBS
AT1G61520 LHCA3
AT5G01530 LHCB4.1
AT3G61470 LHCA2
AT2G34430  LHB1B1
AT1G29910 CAB3
AT5G54270 LHCB3
AT2G05070  LHCB2.2
AT2G05100 LHCB2.1
AT2G34420 LHB1B2
AT3G47470 LHCA4
AT3G54890 LHCA1

AT1G29920 CAB2

0 10 60° 3h 24h 72h

| k ATCG00470  atpE - ‘
i ATCG00480 - atpB il
" B | ATCGO0580  psbE I
ATCGO0150 atpl
ATCGO0350  psaA
' ATCG00340  psaB | '
‘ } ! ATCGO1060  psaC I

ATCG00140 - atpH
ATCG00730 = petD " B
ATCG00720  petB

ATCGO0280  psbC

ATCGO0270  psbD

ATCGO0540  petA

| | ATCGO0130  atpF

I ATCGO0680 | psbB
[ ATCG00710 - psbH | |
m"

antenna proteins
chloroplast encoded

ATCG00120  atpA
ATCGO0070 = psbK
ATCG00020  psbA

A SE DA FEdAD
L L I OLE
AT1629930 | CAB1 ] ] & é\\x é\@L é\\é\* Fsgs
SL ELIL ELELEE
FRFEFEIE [

-2 z-score 2

Supplementary Figure S7. LEFKOTHEA affects the expression of genes involved in photosynthesis and
the structure of the photosynthetic apparatus during the response to light. a, j, k) Heatmap depicting
the clustering of the genes belonging to “Photosynthesis” (a) and “Antenna proteins”(j) terms, as well as
the chloroplast-encoded genes (k) identified in all lefko 1 to wild type comparisons. Each row depicts the
z- score of the log2-transformed FPKM of each gene, whereas each column represents the time point.
Only genes with FPKM>1 in most of the timepoints were included in the analysis. Variations in gene
expression level are shown by a gradient color scale (red: higher expression; blue: lower expression). b-i)
Transcript levels of the indicated genes. Data are presented as mean + SD of three biological

repetition for each sample; error bars represent SDs. Data were analyzed by t-test. *, P < 0.05;

** P <0.01; ns, non- significant.
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Supplementary Figure S8. LEFKOTHEA regulates the expression of genes encoding proteins

-2 z-score 2

that localize at stromules during the response to light. Heatmap depicting the clustering of
the DEGs belonging to the “Stromules” term identified in all /efko 1 to wild type comparisons.
Each row depicts the z-score of the log2-transformed FPKM of each gene, whereas each
column represents the time point. Only genes with FPKM>1 in most of the timepoints were
included in the analysis. Variations in gene expression level are shown by a gradient color scale

(red: higher expression; blue: lower expression).



