JOURNAL OF AGRICULTURE AND PLANT SCIENCES, JAPS, Vol 24, No. 1, 2026
In print: ISSN 2545-4447

S,
Manuscript received: 17.11.2026 s \\\//;\«/’/ V2, On line: ISSN 2545-4455
Accepted: 06.04.2026 :>=JAPS<:  doi: https:/doi.org/10.46763/JAPS26241109mds

Original scientific paper

INSIGHTS INTO THE RELATIONSHIPS BETWEEN THE DISTRIBUTION OF REPETITIVE
DNA SEQUENCES AND THE FLOWERING TIME OF MAIZE

Juliana Machado da Silva'?, Rafaela Rodrigues Pinheiro’, Lucas Johnen'?, Livia do Vale Martins?,
Josué Maldonado Ferreira', Mateus Mondin*, André Luis Laforga Vanzela™
'Departamento de Biologia Geral, CCB, Universidade Estadual de Londrina, Londrina, 86097-570, Parand, Brazil
2Programa de Pés-graduacdo em Genética e Biologia Molecular, CCB, Universidade Estadual de Londrina,
Londrina, 86097-570, Parand, Brazil
*Programa de Pés-graduacéo em Agronomia, Universidade Federal do Piaui, Teresina, 64049-550, Piaui, Brazil
“Departamento de Genética, Escola Superior de Agricultura “Luiz de Queiroz” - ESALQ,
Universidade de Sédo Paulo, Piracicaba, 13418-900, Séo Paulo, Brazil
*Corresponding authors: andrevanzela@uel.br, nmondin@usp.br

Abstract

Over 80% of the maize genome consists of repetitive DNA, primarily transposable elements (TEs) and
satellite DNA (satDNA). While satDNA organizes major heterochromatic blocks, TEs drive genomic changes and
influence gene expression and recombination rates. Although recent literature suggests that the repetitive
fraction may modulate flowering time, a complex quantitative trait involving hundreds of regulatory genes, the
specific relationship between this repetitive DNA fraction and flowering remains poorly understood in maize.
We investigated genomic differences between maize germplasms with contrasting flowering phenology. First,
satDNA content (via FISH) and DNA C-values (via flow cytometry) were estimated for a collection of maize
of composite origin. Subsequently, in silico mapping of satDNA and TEs was performed using genomes from
the Nested Association Mapping (NAM) founder lines. These repetitive sequences were analysed in relation
to 14 core flowering-time genes in the sequenced samples. Our findings revealed significant karyotypic
variation in the satDNA fraction among samples, despite relatively constant DNA C-values. In silico mapping
analysis identified frequent TE insertions within both exons and introns of the 14 target genes, exhibiting high
polymorphism across the different inbred lines. The comparison between satDNA array accumulation and total
genome size did not reveal a correlation with maize flowering time, contrary to previous hypotheses. However,
the high variability of TE insertions within regulatory genes suggests that these mobile elements are primary
candidates for driving the phenotypic diversity observed in maize flowering cycles.
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INTRODUCTION

Domesticated roughly 9,000 years ago,
Zea mays L. (Poaceae) originated from its wild
ancestor, Z. mays ssp. parviglumis (teosinte), and
was further shaped by introgression from Z.
mays ssp. mexicana (Piperno & Flannery, 2001;
Kistler et al., 2018; Yang et al. 2023). Maize is an
excellent model for plant cytogenetic studies
due to the presence of heterochromatic knobs.
These regions consist of two satellite DNA
(satDNA) families: 180-bp monomers (K180)
and 350-bp units (TR-1). Such heterochromatic

regions enable the unambiguous identification
of specific chromosome pairs (Aguiar-Perecin
et al., 2000; Peacock et al., 1981; Dennis &
Peacock, 1984; Kato et al., 2004). Together, these
sequences account for approximately 20% of
the tandem repetitive sequences in the maize
genome (Hufford et al., 2021; Chen et al,, 2023).
Maize heterochromatic knobs may consist of
either K180 or TR-1 exclusively, or mixed arrays
containing both satellite DNA families. These
regions exhibit considerable variation among
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traditional maize varieties, inbred lines, hybrids,
and modern cultivars, differing in both, the size
of the blocks, and their presence or absence
across different chromosome pairs (Aguiar-
Perecin et al., 2000; Kato et al., 2004; Mondin et
al., 2014).

The most commonly used probes for
chromosome mapping in maize (K180, TR-1,
CentC, Cent4, subtelomeric DNA and B-specific
repetitive DNA) have been employed to assess
the diversity of Argentine maize landraces at
both intra- and interpopulation levels (Realini
et al, 2018). Furthermore, evidence suggests
that satDNA arrays can be located within gene-
rich regions, where their presence can influence
recombination rates (Pierozzi et al, 1997;
Ghaffari et al., 2013). In addition, some studies
suggest that variations in knob accumulation
may influence genome size, altitudinal and
longitudinal adaptations (Bilinski et al., 2018;
Fourastié et al, 2018; Gonzdlez & Poggio,
2021), and flowering time in maize (Carvalho
et al., 2022). While variations in genome size
between tropical and temperate varieties are
well documented (Diez et al., 2013; Realini et
al., 2016; Realini et al., 2021), the correlation
between knob number and genome size is not
always consistent. For instance, maize genomes
with large sizes may exhibit a low number of
knobs (Carvalho et al., 2022).

Variation in genome size among maize
varieties may also be attributed to the
activity of transposable elements (TEs), which
constitute approximately 85% of these genomes

(Schnable et al., 2009; Hufford et al., 2021; Chen
et al, 2023). These elements can transpose
or replicate themselves using self-encoded
proteins. Depending on their insertion and
accumulation patterns, TEs can induce DNA
breakage, promote unequal recombination, and
drive the generation or reversion of mutations.
Transposable elements significantly influence
gene expression, genotypes, and phenotypes,
acting as a major drivers of genome evolution, as
exemplified by maize mutants with variegated
grains (Zattera & Bruschi, 2022; Hassan et al.,
2024).

Understanding the physical proximity
between satDNA and TE-rich regions, as well
as their association with phenotypic traits
such as flowering time, is of significant interest
for maize breeding. Breeding programs may
unintentionally produce genotypes with
contrasting knob organization, genome sizes,
and TEs accumulation (Haberer et al.,, 2020).
Indeed, inbred line karyotypes frequently exhibit
substantial variation in their repetitive fractions,
as evidenced by diverse FISH probe sets (Kato et
al., 2004; Mondin et al., 2014; Albert et al., 2019;
Jiang, 2019; Braz et al,, 2020). The relationship
between repetitive fraction dynamics and
flowering time in maize remains unclear, and
these factors may be independent. Therefore, we
aimed to compare genome size diversity, satDNA
and TE distribution, and genes associated with
flowering, using maize varieties from different
sources with contrasting flowering cycles and
times.

MATERIAL AND METHODS

Plant Materials

The samples consisted of two sets. The
first comprised a maize collection derived
from extensive crosses, hereafter referred
to as “composite maize” The samples were
selected based on their life cycle and flowering
time, as detailed in Table 1. Seeds of the five
composite maize varieties used in this study
were obtained from the active germplasm bank
of the Laboratory of Genetic Improvement
(LG) in the Department of General Biology at
the State University of Londrina (UEL), Parang,
Brazil. These varieties were developed through
the inter-crossing of five populations, followed
by two cycles of random recombination (see

Table 1). Each composite variety resulted from
selection cycles based on grain quality, intended
use (white or yellow) and cultivation time (Table
1). Due to proprietary restrictions, these samples
were not available for sequencing at the time of
the study. Consequently, analyses were restricted
to fluorescence in situ hybridization (FISH) using
satDNA probes (K180, TR-1 and CentC) and 5S
rDNA (as a FISH control), as well as genome size
estimation.

The second set comprised B73 (Accession:
Pl 550473) and additional lines from the Nested
Association Mapping (NAM) population (Yu et
al., 2008; Hufford et al., 2021). The B73 cultivar,
whose reference genome and plants were
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used as a standard, was kindly provided by the
Cytogenomics and Epigenetics Laboratory,
Department of Genetics, “Luiz de Queiroz”
College of Agriculture (ESALQ), University of
Sdo Paulo, Brazil. This material was originally
sourced from the U.S. National Plant Germplasm
System (NPGS) - GRIN-Global - North Central

Regional PI Station from lowa State University.
These genomic data were integrated with
flowering time records for comparative analysis.
The physical proximity between knobs, TEs
and the 14 key flowering-associated genes
was investigated in silico and in situ to identify
possible relationships among these traits.

Table 1. Composite maize varieties and their respective reference.
LGI: Laboratory for Genetic Improvement; C = Composites; Cy = Cycle; FI = Flowering-time

Samples

Origin

Parental / Genealogy

Grain color

Cy

Fl

c1

LGl

MC12 - Old common x Fine corncob
MC 19 - Mayan
MC21 - no name
MC23 - Purple straw
MC29 - Blushed

Yellow

Early

Late

C2

LGl

MCO8 - Purple straw
MC10 - Cargill 408 x Agroceres
MC11 - Carioca
MC12 - Old common X Fine corncob
MC16 - Agouti tooth

Yellow

Early

Late

C4

LGl

MC36 - Yellow (Tido dos Borges)
MC37 - Yellow Grande
MC43 - Enchanted
MC50 - Gropires maize
MC55 - IAPAR 50

Yellow

Late

Late

cé6

LGl

MC56 - Old maize
MC57 - Old Venglarek
MC63 - White Buggy
MC66 - Vicente Huk white maize
MC67 - Eight Careers

White

Late

Intermediate

MC69 - Aztec white
MC70 - Aztec big white

Cc7 LGl

MC72 - White of the Fence
MC73 - White of the North
MC79 - White with Purple Straw

White Late Late

Fluorescence in situ hybridization (FISH)

The 5S rDNA probe (Gerlach & Dyer, 1980)
was generated by PCR using genomic DNA
from the B73 cultivar, extracted following the
CTAB method (Doyle & Doyle, 1990). The 120-bp
conserved coding region was amplified using
the primers UP46-F (5' GTGCGATCATACCAGCRY
TAATGCACCGG and UP47-R (5'GAGGTGCAACA
CGAGGACTTCCCAGGAGG). PCR amplifications
were performed in a 25 uL reaction volume
containing 2 mM MgClz, 0.4 uM of each primer,
0.2 mM dNTP, ~30 ng of template DNA, 1.25 U
of Tag polymerase and ultrapure water to a final
volume of 25 uL. The amplicon was labeled using
0.2 mM dNTP, containing dGTP (25%), dCTP
(25%), dATP (25%), dTTP (17.5%) and Cy3-dUTP

(7.5%). Both PCR followed the same conditions:
94°C for 2 min, 30 cycles of 94°C for 40 s, 62°C for
50 s and 72°C for 1 min and a final extension of
72°C for 10 min.

The TR-1 satDNA probe (Ananiev et
al., 1998a) with a length of 350 bp length
was obtained by PCR using the pGEM-T
vector carrying TR-1 as a template. The
M13 primer set (F-CTGGCCGTCGTTTAC and
R-CAGGAAACAGCTATGACQ), flanking the insert,
was used under the following thermal cycling
conditions: initial denaturation at 94°C for 3 min;
34 cycles of 94°C for 1 min, 58°C for 1 min, and
72°C for 1 min; followed by a final extension at
72°C for 5 min. The amplicon was labeled using
biotin-16-dUTP using a nick translation kit (Jena
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Bioscience).The K180 and CentC probes (Ananiev
et al,, 1998b, c) were commercially synthesized
as oligomers labeled with 6-FAM (K180 with 93
bp) and TAMRA (CentC with 78 bp) from Exxtend
Company.

Root tips were pre-treated with 2 mM
8-hydroxyquinoline at 28°C for 2 h and fixed in
ethanol-acetic acid (3:1, v:v) solution. Samples
were digested in an enzyme solution containing
2% cellulase (0.3 units/mg) Onozuka R-10
(Duchefa Biochemie) and 20% pectinase (5
units/mg - Sigma) at 37°Cfor 2 h and squashed in
a drop of 60% acetic acid. After freezing in liquid
nitrogen, the coverslips were removed, and the
slides were air-dried at room temperature. For
the fluorescence in situ hybridization, the sample
were denatured at 85°C for 2 min in a mixture
containing 100% formamide (15 L), 50%
polyethylene glycol (6 uL), 20 x SSC (3 L), 100
ng of calf thymus DNA (1 pL), 10% SDS (1 pL), and
100 ng of probes (4 pL). The hybridization was
performed at 37°C for 24 h in a humid chamber.
Post-hybridization washes were carried out
with 70% stringency using 2x SSC buffer (pH
7.0) at 55-60°C for 20 min (Heslop-Harrison et
al., 1991). After probe detection with an avidin-
fluorescein in isothiocyanate (FITC) conjugate
(for TR-1 probe) washes were performed in 4 X
SSC/0.2% Tween-20 at room temperature. The
slides were mounted with 25 pL of DABCO, a
solution composed of glycerol (90%), 1,4-diaza-
bicyclo (2.2.2)-octane (2.3%), 20 mmol/L Tris-
HCl, pH8.0 (2%), 2.5 mmol/L MgCl> (4%), and
distilled water (1.7%), in addition to 1 uL of
2 ug/mL 4,6'-diamidino-2-phenylindole (DAPI).
Slides were analyzed in triplicate, with at least
10 cells per sample. Chromosome images were
acquired strictly with the same exposure time
using a Leica DM 4500B microscope, equipped
with a DFC 300FX camera. Image contrast and
brightness were optimized using GIMP 2.8.
Idiograms were constructed in CorelDraw, based
on the average size of chromosome arms from
at least five metaphases, positioned using CentC
probe FISH signals.

Estimation of DNA C-values

The DNA content of five composite cultivars
and the B73 reference was measured using
Solanum lycopersicum L. ‘Stupické’ (2C = 1.96
pg) as the standard (Praca-Fontes et al., 2011).
Measurements were performed on three plants

per variety over two separate days, following the
methodology described by Dolezel et al. (2007).
This resulted in a total of six replicates per variety.
Young leaves were chopped in 250 uL of OTTO-I
buffer, containing polyethylene glycol (PEG; 7%)
and RNAse (1 mg/mL"). Samples were filtered
through a 30 pym nylon mesh and centrifuged
at 500 x g. Nuclei were stained with propidium
iodide (1 mg/mL") in a solution of OTTO-I: OTTO-
Il buffer, 1:2, viv (Loureiro et al., 2006), containing
PEG (7%) and RNAse (1 mg/mL"). The samples
were filtered through a 20 pm nylon mesh, and
subsequent analysis was performed using a BD
Accuri™ C6 flow cytometer (BD Biosciences, San
Jose, CA, USA) equipped with a UV light source.
Samples stained with propidium iodide (PI) were
excited for red fluorescence emission, which was
collected through a 585/40 nm (FL2) bandpass
filter. Each measurement had at least 5,000
events, with a coefficient of variation (CV) < 4%
(Temsch et al., 2022). The absolute nuclear DNA
content (2Cvalue) for each sample was estimated
based on the mean values of the G1 peaks.
Descriptive statistics (mean, median, variance,
and standard deviation) were calculated for
each genotype. To assess significant differences
among genotypes, data were subjected to a
one-way analysis of variance (ANOVA), followed
by pairwise comparisons using Student’s t-tests
with Bonferroni adjustment for multiple testing
(a = 0.05). All statistical analyses and graphical
representations were performed using R
software v.4.3.0 (R Core Team, 2020).

Characterizing the repetitive fraction and
selection of flowering genes

The genomes of seven NAM inbred lines
(Yu et al., 2008; McMullen et al., 2009; Hufford et
al., 2021) were based on flowering cycles (early,
intermediate, and late). The number of days to
panicle and stigma emergence was recorded
(Buckler et al, 2009) (see Supplementary
Table 1 for details). PacBio-sequenced (Pacific
Biosciences) genomes were retrieved from the
NCBI database (https://www.ncbi.nlm.nih.gov/),
while sequences for 14 key genes involved in the
flowering time pathway (Romero Navarro et al.,
2017) were obtained from the MaizeGDB curated
database (Supplementary Table 2). Reference
monomers for K180 (GenBank: M32532.1) and
TR-1 (GenBank: AF071121.1) were mapped
against the pseudochromosomes of the seven
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genomes using local BLASTn (Camacho et al.,
2009) and RepeatMasker (Smit et al., 2015).
Both tools were run with default parameters,
applying selection criteria of >80% identity and
>90% coverage. The same mapping procedure
was applied to the 14 target genes, requiring
100% identity.

Each sequence was aligned to the
pseudochromosomes of the seven NAM
genomes, with coordinates used to extend
fragments by 50,000 base pairs (bp) upstream
and downstream of each gene. These flanking
sequences, totaling approximately 100,000 bp,
were extracted using the extract seq tool from
the EMBOSS package (Rice et al., 2000). Our
analysis assessed the abundance and genomic
distance of K180 and TR-1 monomers relative to
the flowering-associated genes, considering only
distances within a 175 kb threshold (Vogel et al.,
2009).Similarly,theabundance,size,andinsertion
sites of Long Terminal Repeat Retrotransposons,
also referred to as LTR retrotransposons or LTR-
RTs, belonging primarily to the Gypsy and Copia
superfamilies, were evaluated. The search was
based on the annotation and curation available

on the MaizeGDB JBrowser platform (https://
jbrowse.maizegdb.org/) by screening: Repetitive
Elements - Transposable Elements. The graphs
representing this mapping were generated
using the tools SRplot (Tang et al., 2023) and
RStudio (R Core Team, 2020).

To identify TEs inserted within genes and
assess their potential epigenetic effects, we
compared the 14 flowering-related genes
(Romero Navarro et al., 2017) against each
functional mRNA obtained from MaizeGDB
and NCBI. Local alignments were performed
using the BLASTn tool (Camacho et al,
2009) to discriminate exons from introns. All
output sequences were submitted to Censor/
Giri (Kohany et al, 2006), which contains an
updated database of TEs of various origins,
including transposons and retrotransposons
of Viridiplantae. All positive sequences
were submitted to RNAcentral (RNAcentral
Consortium, 2021) to identify relationships with
long non-coding RNAs (IncRNAs). All data were
plotted in graphs using the pyGenomeTracks
tool (Lopez-Delisle et al., 2021).

RESULTS

Chromosome mapping in composite maize
using FISH

A set of repetitive DNA probes (K180, TR-1,
CentC, and 5S rDNA) was employed for FISH to
analyze five composite maize varieties (hereafter
referred to as Composites 1 to 7) and the B73
inbredline,asareference.Chromosome mapping
revealed a large variability in the number,
chromosomal position and heterozygosity of
knobs among the analyzed samples (Figs. 1, 2,
and 3). The 55 rDNA probe is a well-established
and reliable marker in plant cytogenetics.
Therefore, we used this probe in conjunction
with the others in only two composites (1 and
6) to verify the efficiency of the FISH procedure
and ensure the absence of nonspecific signals.
In both, FISH signals were detected on the long
arm of chromosome pair 2 (Fig. 2). Regarding the
satDNA probes (K180 and TR-1), we observed
variations in signal position, size, intensity,
and number. B73 and Composite 7 displayed
the lowest number of K180 blocks (12 and 13
blocks, respectively), whereas Composites 1
and 4 exhibited the highest numbers, with
18 and 17 blocks, respectively (Figs. 1A-B, D,

and F). Variability in the size/intensity of the
hybridization signals was common within and
between karyotypes (Supplementary Table 3).
Overall, K180 FISH signals were more numerous
than TR-1 signals. Furthermore, the composite
varieties possessed a higher number of knobs
on the long arms compared to the B73 reference
(Fig. 3 and Supplementary Table 3).

The number and size of the FISH signals
are detailed in Supplementary Table 3. Our
analysis showed that chromosome pairs 7,
8, and 10 remained stable regarding K180
probe signals, whereas the remaining pairs
exhibited diverse heterozygous configurations.
The most pronounced heteromorphisms and
polymorphisms across all composites were
identified on the short arm of pair 1 and the
long arm of pair 5. Heteromorphisms were
observed in pair 1 (Composites 1 and 4), pair 2
(Composite 6), pair 4 (Composites 1, 4 and 7),
pair 5 (Composites 2,4 and 6), pair 6 (Composites
4 and 7) and pair 9 (Composites 1, 2, 4 and 6),
see Fig. 3 and Table 2. A reciprocal translocation
was identified between chromosomes 9 and 10
of Composite 1 (Figs. 1 and 3). The TR-1 probe



exhibited limited variability compared to K180,
with the number of blocks ranging from four in
B73 to nine in Composite 2. Heteromorphisms
and polymorphisms were observed in the short
arm of pair 6, and the long arms of pairs 1, 3, 4,
5, 6 and 7. No TR-1 FISH signals were detected
in the remaining chromosomes (Table 3 and
Figs. 2 and 3). Therefore, no clear trend could
be established regarding the quantity of K180
and TR-1 signals among the composite varieties.
The early and late-flowering varieties displayed
similar signal patterns for these probes (Fig. 4A).

FISH analysis using the CentC probe
exhibited signals in all centromeres of all
chromosomes across all composites, with
variations in signal size and intensity. Some
FISH signals were faint or punctate that were
difficult to resolve (Figs. 1, 2 and 3). Comparative
karyotype analysis confirmed the heterogeneity
in the CentC signals size (Fig. 3; Supplementary
Table 3). Finally, a B chromosome carrying
both CentC and K180 signals was observed in
Composite 7 (Figs. TF and 3F).

Figure 1. Fluorescence in situ hybridization (FISH) on mitotic metaphase chromosomes of composite maize landraces.
K180 (green) and CentC (red) probes were used to map repetitive DNA distribution. (A) B73 reference line; arrowheads in-
dicate secondary constrictions. (B) Composite 1, showing a reciprocal translocation between chromosomes 9 and 10. (C)

Composite 2. (D) Composite 4. (E) Composite 6. (F) Composite 7; arrowheads indicate secondary constrictions.
Scale bar=10pum.



Figure 2. FISH using TR-1, 5S and CentC as probes in mitotic metaphase cells of different composite maize. (A) B73 ref-
erence metaphase (TR-1 and CentC). (B) Composite 1 (CentC and 5S rDNA). (C) Composite 1 (TR-1 and CentC). (D) Com-
posite 1 (TR-1); arrows highlight small clusters or rearrangements. (E) Composite 2 (TR-1 and CentC); arrowheads indicate
satellites on chromosome pair 6. (F) Composite 4 (TR-1 and CentC). (G) Composite 6 (TR-1). (H) Composite 6 (TR-1, CentC,
and 5S rDNA). (I) Composite 7 (TR-1 and CentC). Chromosomes were counterstained with DAPI (blue). Scale bar = 10 um.

Table 2. Overview of FISH signals of K180 probe in B73 reference and composite maizes. K = knobs; the numbers refer to
chromosomes; L =long arm; S = short arm; + = presence of knob; 0 = absence of knob.

K180 configuration
Samples

K1S K2L K3L K4L K5L K6S Ké6L K7L K8L K9S

B73 ++ 00 00 00 ++ ++ 00 ++ ++ ++
Composite 1 ++ 00 00 00 +0 ++ ++ ++ ++ 00
Composite 2 ++ 00 00 00 +0 00 ++ ++ ++ ++
Composite 4 +0 00 00 00 +0 ++ ++ ++ ++ 00
Composite 6 00 +0 ++ 00 +0 ++ ++ ++ ++ 00
Composite 7 00 00 00 +0 00 ++ +0 ++ ++ 00

Table 3. Overview of FISH signals of TR-1 probe in B73 reference and composite maizes. K = knobs; the numbers refer
to chromosomes; L =long arm; S = short arm; + = presence of knob; 0 = absence of knob.

TR-1 configuration
Samples

K1S K3L K4L K5L K6S Ké6L K7L

B73 00 00 ++ 00 ++ 00 00
Composite 1 00 00 ++ +0 ++ ++ 00
Composite 2 ++ ++ 00 00 ++ 00 ++
Composite 4 00 00 00 ++ ++ +0 00
Composite 6 ++ ++ 00 00 00 ++ 00
Composite 7 00 ++ +0 00 ++ +0 00
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Figure 3. Idiograms showing the chromosomal localization and distribution of K180 (blue), TR-1 (green), and CentC (red)
satellite DNA sequences across the different composite maize karyotypes, comparing with the B73 reference.

Genome sizes and maize flowering time
Comparative analysis of DNA content
revealed significant variation among the five
maize composite varieties and the B73 reference
(seethevaluesin Mbpinthe SupplementaryTable
3).The B73 reference displayed a 2C DNA content
of 5.18 pg. The Composite 4 showed the highest
DNA 2C-value (5.86 pg), followed by Composite 1
(5.76 pQ) (see Fig. 4 and Supplementary Table 3).
Analysis of variance (ANOVA) indicated significant
differences in DNA content among the groups (F
= 6.27, p < 0.001). The t-tests with a Bonferroni
correction confirmed that Composites 1 and 4
had significantly higher DNA content than B73 (p
< 0.01). No significant differences were detected
between B73 and Composites 2, 6, 7, nor among
the composite varieties (p > 0.05).
We further investigated whether
genome size variation was associated with the
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abundance of satellite monomers (K180 and
TR-1) and flowering time. Composites 1 and
4 exhibited the highest 2C-values and a high
number of K180 signals. However, they displayed
contrasting flowering times (early and late,
respectively). The B73 reference presented an
intermediate flowering time and fewer K180
signals (12 signals), resulting in a lower 2C-value
(5.18 pg). Regarding the TR-1 repeats, Composite
2 had the highest number of FISH signals, a
2C-value of 5.54 pg, and an early flowering time.
Conversely, Composite 7 showed the lowest TR-1
signals count despite a similar 2C-value (5.52
pg), and a late flowering time. Consequently,
our analysis revealed no consistent correlation
between the accumulation of K180 or TR-1
satellite DNA, total DNA content, and flowering
time (Supplementary Table 3).

2C-value
(pa) B

@@ N @ W
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Figure 4. (A) Genomic distribution of K180 and TR-1 satDNA across five maize composites (C1, C2, C4, C6, and C7) and the
B73 NAM line. Bubble size and color intensity represent sequence abundance, with larger and darker bubbles indicating
greater frequency. The letters after the line names indicate flowering time: intermediate (1), early (E), or late (L). (B) Nuclear
DNA content (2C-value) in picograms estimated via flow cytometry. Different letters indicate statistically significant differ-
ences between samples (F = 6.27, p < 0.001).
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Mapping of the repetitive fraction from
selected maize NAM inbred lines

Idiograms were constructed mapping
and assigning the chromosomal positions
of the repetitive sequences across the NAM
inbred lines, including two late-flowering,
two intermediate-flowering and two early
flowering lines, with B73 as the intermediate-
flowering reference. Small arrays (<10 kb), with
fewer monomer copies, were predominantly
distributed in the interstitial regions of most
chromosome pairs, except for the short arms of
chromosomes 3, 4, 7, 8 and 10 (Supplementary
Fig. 1). In contrast, larger arrays (>10 kb) of
repetitive sequences were concentrated in the
distal to subterminal regions of pairs 5, 7,8 and 9
for K180 and 6 for TR-1 (Supplementary Fig. 1 and
2). Late-flowering genotypes displayed a higher
density of K180 blocks, with an apparent trend
of decreasing abundance in intermediate and
early-flowering lines (including B73) and early
flowering genotypes (Fig. 4a; Supplementary
Figs. 1 and 2). Conversely, the distribution of
TR-1 arrays varied independently of flowering
time, particularly regarding the number of arrays

Physical distance of K180 and TR-1 arrays
relative to major flowering time genes

The estimated distances between repetitive
sequence arrays and target genes, applyinga 175
kb threshold for each gene, revealed only small
arrays containing 2 to 31 K180 monomers and 2
to 19 TR-1 monomers (Supplementary Tables 4
and 5). For example, lines M37W, CML52, NC350
and B73 showed the shortest distances from TR-1
to the zfl1 gene. The smallest distances recorded
for K180 were 38,394 bp (IL14H line) and 39,461
bp (P39 line), both proximal to the dIfT gene, and
containing only two monomers. For the zfl1 gene,
distances to the TR-1 arrays on chromosome
10 were relatively similar in all genomes. In
contrast, the distance to K180 was similar only
in the B73, CML247, P39 and IL14H genotypes,
with intermediate and early flowering. The
closest K180 and TR-1 arrays to the 14 analysed
genes consistently exhibited a low number of
tandem repeats (<10 monomers). Given their
limited size and considerable distance from the
genes (always exceeding the 175 kb limit), these
arrays are unlikely to explain the flowering time
differences through heterochromatin-mediated
positional effects.

with higher monomers (larger blocks) (Fig. 4A;
Supplementary Fig. 2).

A comparative analysis of the distribution
of small K180 and TR-1 blocks revealed that
these elements are predominantly located in
the interstitial regions of all chromosome pairs.
Exceptions were observed in the short arms of
chromosomes 3 and 10 (CML247), 10 (CML52), 7
and 10 (NC350), 4 and 10 (M37W), 3,4, 7 and 10
(IL14H), 3, 7 and 10 (P39). Notably, chromosome
pair 7 of P39 lacked arrays in the long arm
(Supplementary Fig. 2).

Regarding the genomic proportion of these
monomers, they represent 0.94% of the B73
reference genome, whereas TR-1 monomers
account for only 0.17% of the CML52 genome.
K180 loci were primarily concentrated on
chromosomes 5-9 (Supplementary Fig. 3A),
whereas TR-1 arrays were heterogeneously
distributed across  chromosome pairs
(Supplementary Fig. 3B). Overall, the number of
repetitive arrays in the pseudochromosomes was
highest in late-flowering accessions, decreased
in intermediate genotypes, and was lowest in
early-flowering lines.

Significantvariationsin the sizeand genomic
position of TEs were observed within the introns
and exons of the 14 maize analyzed flowering-
related genes (see Fig. 6; Supplementaries
Figs. 4 and 5). Our analysis identified cct14,
cct43, and ccal as the largest genes, with cct14
and cct43 exhibiting the greatest structural
complexity. This complexity was reflected in
their size variation (~35 kb), distinct exon/intron
organizations, and high TE density. Conversely,
lhy1, d8, dIf1, and pebp8 were the smallest genes
identified, ranging from approximately 700 bp
to 3 kb. The number of exons and introns also
varied considerably among genes; notably, d8
and dIf1 genes displayed the simplest structures,
containing only one and two exons/introns,
respectively (see Fig. 6A and Supplementary Fig. 4).

In contrast, cct43 and rap2 exhibited eight
to nine intronic and exon regions. Significant
variations in TE insertions were observed across
genes and genomes, with the highest number
of insertions found in cct43, cctl4, madsi, and
ccal. The lhy1 gene showed low TE density in all
genomes. Divergent patterns were also noted
between genes; for instance, mads! and mads3
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ranged from 10 to 20 kb in size and shared
similar exon/intron distributions (7 to 8 regions),
while zflT and zfl2 ranged from 3 to 6 kb with
3 to 4 exons across all genotypes. However, it
was not possible to identify a pattern in the
position of these regions or the TE distribution.
The most notable structural variation occurred
in the zfll gene, which exceeded 14 kb in at
least two varieties: IL14H and P39 (see Fig.
6B). In the CML52, NC350, B73, M37W and
CML247 genomes, the zfll gene measured
approximately 3 kb, although TE positions

varied slightly among them. It is also important
to note that IL14H and P39 are varieties with
an early-flowering phenotype. A search using
the RNACentral tool revealed up to 28 TE-rich
regions inserted within introns and exons with
the potential to generate long non-coding
RNAs (IncRNAs) (see Supplementary Table 6 and
Supplementary Table 7). These findings suggest
that TE-mediated gene expansion may influence
the regulatory landscape of key flowering genes
in maize.
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Figure 5. Abundance of Copia and Gypsy retrotransposons in the flanking regions of maize flowering-related genes. The
analysis covers 50 kb upstream and downstream of 14 target genes across NAM lines with distinct flowering phenologies:
late-flowering (A) CML247 and (B) CML52; intermediate-flowering (C) NC350 and (D) M37W; and early-flowering (E) IL14H
and (F) P39. Chromosome numbers corresponding to the gene names are indicated on the left. The gray shaded region
corresponds to the annotated gene regions according to MaizeGDB, with blue bars denoting the specific transcription
start and end sites for each locus.

Genomic density of Copia and Gypsy
retrotransposons flanking flowering-related
genes

Regarding the proportion of LTR-RTs,
intermediate-flowering inbred lines exhibited
a higher abundance of both retrotransposon

superfamilies. The NC350 genotype showed
more elements from the Copia lineages, whereas
Gypsy elements predominated in the M37W
genotype (Fig. 5). Overall, Copia insertions were
more frequent than Gypsy insertions in these
genes, except in B73, where Gypsy insertions
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predominated (Supplementary Fig. 6). Analysis of
LTR-RT density, estimated within a 50 kb window
(upstream and downstream) of the 14 flowering-
related genes, revealed significant variationin the
abundanceanddiversity of non-autonomousLTR-
RT fragments in these flanking regions. However,
the most significant divergence was observed
in gene size and the frequency of insertions
when comparing late, intermediate, and early-
flowering lines (Fig. 5 and Supplementary Fig.
6). The B73 and CML247 genomes contained
fewer LTR-RT fragments adjacent to the target
genes, whereas M37W accumulated more Copia
and Gypsy sequences, when compared to the
other NAM lines (Fig. 5 and Supplementary Fig.
6). Two genes were noteworthy for their relative

number of LTR-RT insertions: zfl2 and madsi1. No
LTR-RT insertions were identified within the zfl2
gene of the NC350 genotype, in contrast to the
CML247 genotype, which exhibited the highest
number of insertions. The mads! gene showed
no insertions in the CML247 and IL14H lineages,
in contrast to NC350, which exhibited the highest
number of insertions. The zfl1 gene presented
the lowest number of LTR-RT insertions across
all genotypes. In general, gene size positively
correlated with LTR-RT density, as larger genes
consistently contained a higher number of
insertions. Considering a maximum distance of
175 kb, we observed that, an average 2.3% of
the analyzed retrotransposons were inserted in
these genic regions of maize genome.
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Figure 6. Distribution of transposable elements (TEs) within the intron and exon regions of flowering-related genes in
maize NAM lines. (A) Heatmap illustrating TE insertion density across 14 candidate genes. Among exonic regions, only the
d8 gene exhibited a high concentration of TE insertions. Regarding the intronic regions, the ccal and cct43 genes exhibit-
ed the highest TE accumulation. (B) The zflT gene showed significant size variation across genotypes, primarily driven by a
massive TE-mediated expansion (~16 kb) within the introns of the IL14H and P39 genomes. In these two cases, there was
no TE insertion in the first exon, unlike the lines CML52, NC350, M37W, B73, and CML247. In these lines, the gene size was

~3 kb; in all cases, TE insertions were present in the first two.
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DISCUSSION

Changesin genome size and heterochromatin
may not affect flowering time

Chromosomal mapping using diverse
repetitive FISH probes has been widely used
to identify the ten chromosome pairs of maize
varieties and their wild relatives, the teosintes.
These sequences, typically polymorphic in size,
position and presence/absence, serve as reliable
markers of structural genomic variation (Kato et
al., 2004; Albert et al., 2010). The dynamic nature
of repetitive DNA sequences was evident in our
study, as reflected by the distinct number, size
and position of knobs among the composite
maize samples, with each karyotype displaying
a unique pattern of heterochromatic knobs. This
variability appeared to be more pronounced
than previously reported for other maize varieties
(Mondin et al., 2014; Realini et al., 2018; Carvalho
et al,, 2022). This pattern is expected, given that
each composite was derived by intercrossing
five distinct populations. Although the original
parental populations could not be characterized,
the observed variation was consistent with
the high degree of intra- and interpopulation
polymorphism described in the literature (Kato
et al., 2004; Albert et al., 2019; Silva et al., 2020),
including the Argentine landraces (Realini et
al., 2018). Furthermore, both homozygous and
heterozygous K180 have been identified in
accessions such as "Al Bandeirante" and "Jac-
Duro" (Carvalho et al., 2022; Silva et al., 2020).
Zea diploperennis also showed heterozygosity
for K180 at positions K2S, K4L and K5L, although
no heterozygotes have been reported using the
TR-1 probe (Xiong et al., 2005).

Attempts to correlate repetitive DNA
variability with genome size have yielded
conflicting results. While a positive correlation
between genome size and heterochromatin
percentage was reported in Argentine maize
landraces (Realini et al, 2016), no such
correlation was found for K180 abundance
or heterochromatin percentage in Guarani
landraces (Realini et al., 2021). Similarly, we
observed no consistent correlation between
genome size and the abundance of K180 and
TR-1 sequences in composite maize samples.
Our genome size estimate for the B73 reference
(5.18 pg; 5,064.3 Mbp) is consistent with the 5.21
pg or 5,066.04 Mbp described in the literature
(Tenaillon et al., 2016). The C DNA values of the
studied composites were slightly higher than

B73, ranging from 5.4 to 5.86 pg. This variation
was more constrained than the 4.62 to 6.29 pg
range reported for Argentine landraces (Realini
et al, 2016). Our findings regarding the DNA
content of six varieties (B73 and five different
composite maize varieties) align with previous
reports comparing tropical (2C = 5.39-6.24
pg) and temperate (2C = 5.12-5.83 pg) maize
germplasm.

The study found that the genome size
was smaller in lines with a shorter flowering
time, although the number of K180 was higher
(Jian et al., 2017). Our data showed that in
Composite 6 (early-flowering), the 2C-value was
5.4 pg, but the number of K180 was the lowest
observed. Conversely, in Composite 7, which
shares an identical number of K180 blocks with
Composite 6, the genome size is slightly higher
(5.52 pg), but the flowering time is late. These
results indicate that the direct relationship
between genome size and K180 abundance
does not appear to apply to composite maize.
Our comparison was conducted with a limited
number of composite maize varieties and NAM
lines; however, these genotypes exhibit well-
defined early, intermediate, and late-flowering
phenotypes. Although our results indicate no
significant correlation between satDNA content,
genome size, and these specific phenotypes, a
more comprehensive study involving a larger
population should be conducted to definitively
confirm these findings. The specific proportion
and distribution of TEs across the genome
should also be considered a more critical factor
in modulating maize flowering phenology.

Distance of the repetitive DNA arrays to
flowering-related genes

The significant diversity in the number and
size of satellite arrays observed via FISH and
pseudochromosome annotation suggests a
dynamic landscape of rearrangements involving
theaccumulation of these sequences across both
composite and inbred NAM maize lines. The large
arrays (>10Kb) were predominantly localized
in distal chromosomal regions, concentrated
on chromosomes 5, 7, 8 and 9 for K180 and
chromosome 6 for TR-1. Similar patterns of large
heterochromatin blocks occupying equilocal
and equidistant regions have been documented
in other plant taxa, such as Cestrum, Solanaceae
(de Paula et al., 2015). In addition, hundreds of
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short arrays (<10 kb) appeared heterogeneously
distributed within interstitial regions across
all chromosome pairs. These maize satDNA
monomers, arranged in short clusters of
different sizes, irregularly spaced along the
chromosomes, appear to undergo independent
amplification or contraction (Thakur et al., 2021).
This may explain the polymorphisms associated
with the K180, TR-1 and CentC arrays of the NAM
maize lines that were screened in this study.

Variations in the position and size of
repetitive DNA arrays can affect the function
of nearby genes through several mechanisms,
including altered recombination rates and
transcriptional  silencing, often mediated
by TEs (Liu et al, 2022). In physical terms,
heterochromatin architecture, whether
associated with TEs or not, can induce the
silencing of neighboring genes and suppress
recombination via position-effect variegation
(Dooner and He, 2008). This phenomenon
was previously documented in Secale cereale
(Kagawa et al., 2002). According to Jost et al.
(2012), gene activity may not be maintained in
the presence of a 'position effect' modulated
by adjacent repetitive DNA arrays. However, a
minimum distance threshold (in base pairs) has
yet to be established to determine when satDNA
arrays physically promote such effects in plant
genomes. Therefore, our comparison was based
on data from the model organism Drosophila,
where positional effects can occur when
heterochromatin is situated within a 175 kb
genomic window of a target gene (Vogel et al.,
2009). Our annotations revealed that flowering-
time genes in these maize lines harbor an very
low number of satDNA monomers. This suggests
that, if a position effect exists, it would likely be
variable and difficult to characterize. While the
proximity of satDNA arrays to flowering-related
genes was inconsistent with position-effect
variegation in maize, TEs remain a potential
candidate for this mechanism.

Structural heterogeneity of TEs adjacent to
and integrated with flowering-related loci

TEs constitute the bulk of most plant
genomes (Hufford et al.,, 2021; Chen et al., 2023).
When TEs are located proximal to or inserted
within genes, they can modulate gene activity
at the transcriptional or translational levels.
Examples include TE interference in the tb1
gene, which inhibits maize tillering (Dong et
al., 2019), and TE insertions into ZmCCT9 and
ZmCCT10genes, which promote earlier flowering
(Huang et al., 2018). Furthermore, the insertion
of a CACTA-like transposon approximately 2 kb
upstream of ZmCCT gene has been shown to
alter photoperiod sensitivity in maize (Yang etal.,
2013). Our estimates revealed that the majority
of TEs were intronically inserted, particularly
within ccal and cct43 genes. However, there was
considerable variation when the 14 genes of all
NAM lines were compared. This is exemplified
by the zfl1 gene, which exhibited atypical TE
accumulation within the introns of IL14H and
P39, and the madsT gene, which harbored the
highest frequency of TE insertions.

The overexpression of the mads1 gene has
been previously linked to an early-flowering
phenotype (Alter et al., 2016). Other examples
include TE insertions within the zfl2 gene,
which can result in defects in inflorescence
architecture and vegetative-to-reproductive
transition (Bomblies et al.,, 2003). In addition,
ZmOM®66 gene expression has been associated
with LTR-RT insertions in maize (Du et al., 2025).
These examples underscore how TE insertions
significantly modulate gene expression, directly
impacting agronomic traits related to flowering
time. Our annotations revealed multiple TE
insertions within the introns and exons of the
cct43, ccal and mads1 genes, including traces of
long non-coding RNAs (IncRNAs). Future studies
on the epigenetic impact of transposable
elements will be crucial to elucidating the
structural and functional diversity of flowering-
time modulation in maize.

CONCLUDING REMARKS

The observed variation in the abundance,
size, and distribution of K180 and TR-1 arrays
across all samples was insufficient to establish
a consistent correlation with flowering time in
composite or NAM maize lines. Furthermore, the
presence of only a few K180 and TR-1 monomers
in proximity to target genes weakens the

position-effect hypothesis previously speculated
in the literature. However, our analysis suggests
that TE insertions may represent a more relevant
factor than the satellite DNA (satDNA) fraction
for future studies investigating the genetic
architecture of maize flowering and life cycle.
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Pesnme

MNMoBeke on 80 % opf reHOMOT Ha MYeHKaTa ce coctou of nostopnueu [OHK-cekBeHUW, rnaBHO
TpaHcno3nbunHu enemeHtn (TEs) n catenutcka OHK (satDNA). Jopeka satDNA ru opraHusupa rnaBHUTE
6/I0KOBY Ha XeTEPOXPOMATUH, TPAHCMO3UOWIHKTE efleMeHTU NPefn3BMKYBaaT FreHOMCKM NMPOMeH 1 BAnjaaT
B3 reHCKaTa eKcrnpecuja 1 cTankaTta Ha peKoMmbuHauwmja. Mlako HeofaMHELLIHUTE UCTPaXKyBakba YKaxkyBaaT Aeka
nosTopsvBata ¢ppakLrja Ha FEHOMOT MOXe [la FO MOAYNIMPA BPEMETO Ha LiBETahe - C/IOKEHO KBAaHTUTATVBHO
CBOjCTBO KOHTPONMPAHO Of CTOTULM PErynaTtopHu reHu - crneunduryHaTa Bpcka nomery oBaa ¢pakuuja Ha
nostopnvea OHK u LBeTaweTo Kaj NueHKaTa Ce yuTe He e [OBOJIHO pa3jacHeTa. Bo oBa mcTpaxyBare 6ea
aHanM3MpaHN reHOMCKUTE PasfiMKu NoMery repMrniasMm Ha NMuYeHKa Co pasnnyHa deHonorvja Ha UBeTatbe.
HajnpsuH 6ea npoueHeTn cogpkuHata Ha satDNA (co nomow Ha FISH) n JHK C-BpegHocTrTe (CO NpoTOYHa
LUMTOMETpUja) Kaj KoneKumja Ha NYeHKa o KOMNo3nTHO noTekso. MoToa 6elue U3BpLUEHO in silico manuparbe
Ha satDNA n TEs KopucTtejku reHomu of ocHoBaukuTe nuHUK Ha cuctemoT Nested Association Mapping (NAM).
OBue NOBTOPNMBU CeKBeHUM 6ea aHanM3MpaHy BO OOHOC Ha 14 KNy4yHU FeHV OAroBOPHU 3a BPEMETO Ha
LiBeTarbe Kaj CeKBEHLNMOHMPaHUTe NpuMepoL . HalwmTe pe3yntaTi nokakaa 3HavajHa KaproTuncka Bapmjaynja
B0 dppakuujaTa Ha satDNA nomery npumepouunTe, nako AHK C-BpegHOCTMTE OCTaHaa PenaTMBHO KOHCTAHTHMU.
AHanu3sata Ha in silico manupareTo OTKpM YecT! BMeTHyBarba Ha TE BO er3oHuTe U MHTPOHUTE Ha cute 14
WCMWTYBAHW reHu, npy WTo Gelue 3abenexaH BUCOK CTereH Ha nonumopdusam Mery pasnnuHute nHbpen
nuHun. Cnopepbata nomery akymynaumjata Ha satDNA HM3UTe 1 BKynHaTa roneMmHa Ha reHOMOT He MoKarka
NMOBP3aHOCT CO BPEMETO Ha LiBeTare Kaj MYeHKaTa, CNPOTMBHO Ha npeTxogHute xunotesu. Cenak, BMCoKaTa
BaprjabnnHoOCT Ha BMeTHyBatbaTa Ha TE BO perynaTopHuTe reHr yKaxkyBa fieka oBre MOOUIIHM eneMeHTr ce
rMaBHM KaHOMAATY 3a CO3aBakbe Ha GeHOTMNCKaTa Pa3HOBMAHOCT 3abenexaHa BO LIMKIyCcUTe Ha LiBETatbE Kaj
nyeHkKaTa.

KnyuHun 360poBu: KoHcuuilyitiugeH xelliepoxpomatiliuH, agmoxmoHu copmu, 2eHoM, caittienuitcka JJHK,
paHclo3ubuiHU enemeHitu.
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Supplementary Table 1. Characteristics of the Nested Association Mapping (NAM) lines and and reference
genomes. Phenotypic data are from MaizeGDB (https://www.maizegdb.org). NCBI accession codes for each
genome are listed as well as information about DMB and DIS from Buckler et al. (2009).

Genome Lineage DMB DIS FT Phenotype
GCF_902167145.1 B73 73.96 75.01 Intermediate "Stiff Stalk"
GCA_902167175 | M37W 79.51 8232 | Intermediate Seai/‘l’i:ed/
GCA_902167005 NC350 82.09 82.35 Intermediate Tropical
GCA_902166965 P39 65,15 66.82 Early Sweet maize
GCA_902167065.1 IL14H 69.57 70.89 Early Sweet maize
GCA_902166975 CML247 93.46 95.0 Late Tropical
GCA_902373975 CML52 93.87 98.7 Late Tropical

DMB = Days for the issue of the maize banner; DIS = Days for issuing stigmas; FT = Flowering time.
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Supplementary Table 2. Fourteen genes related to flowering, their respective positions in the

maize chromosomes and the accession code in MaizeGDB.
L =long arm and S = short arm. CL = Chromosome location.

Genes | CL Features Access to MaizeGDB
CO CO-like timing of CAB1 protein domain 14
dwarf8 1L | - transcription factors for gibberellin signaling Zm00001eb054480
(Best & Dilke, 2022)
cctl4 oL Regulation of photoperiodic flowering and salt Zm00001eb112080
stress response (Su et al., 2023)
Zea floricaula leafy2 - quantitative control of
zfl2 2S | inflorescence phyllotaxy for maize (Bomblies et | Zm00001eb071990
al. 2003)
Circadian clock associated 1 - Acting on the
cat 45 maize circadian clock (Wang et al., 2011) Zm00001eb172450
PhytochromeC2 - Inhibits flowering on short
phyC2 5S | days by regulating to red light (Franklin et al., Zm00001eb214800
2003; Monte et al., 2003)
delayed flowering1 - Acting in the floral
dift e transition (Muszynski et al., 2006) Zm00001eb331880
Co CO-Like Timing of CAB1 protein domain 43
cct43 7L | - Acting on the maize circadian clock (Dong et Zm00001eb331630
al.,, 2021)
rap2.7 orthologue - Negative regulator of the
rap2 8L time of flowering (Salvi et al., 2007) Zm00001eb355240
phosphatidylethanolamine-binding protein
pebp8 sL 8 -Coding for a ﬂorlggn that mtegr.ates . Zm00001eb353250
endogenous and environmental signals in
maize (Jafari et al., 2023)
Regulates the fate of the maize ear meristem
mads1 oL (Shen et al, 2023) Zm00001eb403750
mads3 95 Co-expressed fjurlng the development of the Zm00001eb298630
ear and tassel in maize (Heuer et al., 2001)
Co CO-Like Timing of CAB1 protein domain 1
cetl 10 -Requlator of later flowering (Hung et al., 2012) Zm00001eb418700
Late hypocotyl elongation protein ortholog 1
lhy1 10L | -Acting on the maize circadian clock (Dwivedi Zm00001eb415760
et al, 2024)
Zeafloricaulaleafy 1 - regulator of the time of
211100 wering (Bomblies et al., 2003) Zm00001eb430240
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Supplementary Table 3. Distribution of FISH signals in composite maizes.
DNA 2C values (Mpb), number and size (L = large and S = small) of FISH signals (FS) for K180, TR-1
and CentC probes. MFT = Maize-Flowering Time.

Samples | 2C(Mpb) | K180FS TR-1FS CentCFS MFT
B73 [55016;;; 1(15322;'9 4(;?;2)'5 16L 4S Intermediate
c [55’.6739352; 218 osLigen:sli 4(?5J gg)ls 9L11S Early
Q [55/‘45148392] 15(??56"5 9(;1?22;5 13L7S Early
“ [Ségzésbo;] 21755Ligen;s|§ 6signals (65) | 18L25 Late
c6 ?5’.2470853; 1(; figﬂ?)s 6(?322;5 8L 125 Early
c7 [55"}5021 bOgO] 15;?322'; 2 signals (2L) 12L 8S Late

Supplementary Table 4. Distances less than 175 kbp from K180 to gene and number of K180 re-
peats at annotated position.
zfl1 = Zea floriculata / leafy 1. dif1: delayed flowering 1.
CL = Chromosome location. L = long arm. NR = Number of Repeats.

Genome CL Gene Distance (bp) NR
B73 10L zfl 89.800 1
CML247 10L zfl 122.371 6
IL14H 10L zf1 125.005 31
P39 10L zfl 125.007 11
IL14H 7L dif1 38.394 2
P39 7L dif1 39.461 2

Supplementary Table 5. Distances less than 175 kbp from TR-1 to gene and number of TR-1 re-
peats at annotated position.
zf11 = Zea floriculata / leafy1.
CL = Chromosome location. L = long arm. NR = Number of Repeats.

Genome CL Gene Distance (pb) NR
B73 10L zf1 90.941 4
NC350 10L zfl 79.130 2
CML52 10L zfl 120.241 1
CML247 10L zfl 124.238 1
M37W 10L zf1 124.975 1
IL14H 10L zfl 126.148 19
P39 10L zfll 126.150 19
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Supplementary Table 6. Structural analysis of flowering-related genes in different NAM inbred
lines genomes. The table shows the total gene size; the number of TEs insertions in exon and intron
regions; the total size of these regions; and the number of long non-coding RNA (IncRNA) genera-
tors associated with each gene locus.

Gene / Genome Gene size TEs overlapsin | TEsoverlaps Total size Total size Total size of Number of
(bp) exon (pb) in intron (pb) of TEs (pb) of exon (pb) intron (pb) IncRNAs
ccal_B73 33803 78 25540 25618 2171 31632 13
cct1_B73 2687 0 427 427 723 1964 1
cct14_B73 37753 77 23714 23791 2466 35287 3
cct43_B73 33436 25 23591 23616 2287 31149 15
d8_B73 2908 1054 57 1111 2578 330 4
dif1_B73 1594 54 95 149 1175 419 0
lhy1_B73 970 30 42 72 564 406 0
mads1_B73 19793 265 10969 11234 713 19080 11
mads3_B73 11292 432 3199 3631 1311 9981 2
pebp8_B73 1794 1 213 214 536 1258 0
phyC2_B73 5040 74 326 400 3416 1624 0
rap2_B73 3876 80 333 413 1167 2709 0
zfl1_B73 3191 328 390 718 1329 1862 2
zfl2_B73 6769 112 1658 1770 1166 5603 0
ccal_M37W 16441 135 9559 9694 2181 14260 5
cct1_M37W 2724 293 1080 1373 622 2102 0
cct14_M37W 15246 77 6563 6640 1626 13620 1
cct43_M37W 34429 25 23909 23934 2291 32138 22
d8_M37wW 2908 1100 57 1157 2578 330 4
dif1_M37W 1228 113 0 113 1124 104 0
lhy1_M37W 17489 345 9921 10266 2135 15354 4
mads1_M37W 22323 319 12231 12550 1162 21161 15
mads3_M37W 11653 245 3417 3662 828 10825 1
pebp8_M37W 4769 1 865 866 536 4233 0
phyC2_M37W 5040 74 326 400 3416 1624 0
rap2_M37W 3736 266 145 411 1446 2290 0
zfl1_M37W 2987 274 352 626 1324 1663 2
zfl2_M37W 6774 285 1683 1968 1169 5605 1
ccal_NC350 16720 135 9547 9682 2181 14539 5
cct1_NC350 2553 0 427 427 723 1830 1
cct14_NC350 4850 77 672 749 1713 3137 0
cct43_NC350 33987 25 23398 23423 2287 31700 21
d8_NC350 2908 1094 57 1151 2578 330 4
dIf1_NC350 2061 107 192 299 1263 798 0
lhy1_NC350 1303 69 39 108 866 437 0
mads1_NC350 19805 292 11457 11749 1168 18637 15
mads3_NC350 11579 245 3675 3920 828 10751 3
pebp8_NC350 4769 0 811 811 348 4421 0
phyC2_NC350 11562 74 1458 1532 3203 8359 1
rap2_NC350 2987 266 115 381 1446 1541 0
zfl1_NC350 2856 347 96 443 1325 1531 1
zfl2_NC350 3369 235 321 556 1194 2175 0
ccal_P39 22480 135 17935 18070 2178 20302 3
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cct1_P39 5042 293 1566 1859 1102 3940 1
cct14_P39 37779 77 23714 23791 1797 35982 0
cct43_P39 27173 93 16160 16253 2287 24886 20
d8_P39 2897 1035 57 1092 2566 331 3
dif1_P39 1421 107 0 107 1244 177 0
lhy1_P39 17802 351 10098 10449 2179 15623 4
mads1_P39 19766 265 10988 11253 1174 18592 13
mads3_P39 12005 248 4077 4325 836 11169 4
pebp8_P39 1772 1 213 214 536 1236 0
phyC2_P39 7225 1887 708 2595 5339 1886 1
rap2_P39 3742 266 115 381 1446 2296 0
zfl1_P39 17802 242 10097 10339 1371 16431 5
zfl2_P39 3404 62 227 289 1191 2213 0
ccal_IL14H 29405 135 21921 22056 2134 27271 8
cct1_IL14H 2555 0 427 427 723 1832 1
cct14_IL14H 26350 82 12835 12917 1791 24559 2
cct43_IL14H 34516 410 23528 23938 2287 32229 28
d8_IL14H 2897 1035 57 1092 2566 331 3
dif1_IL14H 1369 202 0 202 1203 166 0
lhy1_IL14H 2058 0 320 320 564 1494 0
mads1_IL14H 15478 319 5436 5755 1168 14310 9
mads3_IL14H 10965 245 2416 2661 833 10132 3
pebp8_IL14H 1794 1 213 214 536 1258 0
phyC2_IL14H 5040 74 326 400 3416 1624 0
rap2_IL14H 3910 103 317 420 1167 2743 0
zfl1_IL14H 14381 242 9597 9839 1316 13065 4
zfl2_IL14H 3735 110 690 800 1098 2637 1
ccal_CML247 1812 114 77 191 1254 558 0
cct1_CML247 1024 0 47 47 501 523 0
cct14_CML247 4740 81 668 749 1441 3299 2
cct43_CML247 34633 55 23881 23936 2017 32616 16
d8_CML247 2908 1100 57 1157 2578 330 3
dif1_CML247 2512 54 556 610 1244 1268 0
lhy1_CML247 701 32 0 32 564 137 0
mads1_CML247 16490 319 6307 6626 1168 15322 7
mads3_CML247 11394 358 3221 3579 836 10558 2
pebp8_CML247 1688 1 213 214 536 1152 0
phyC2_CML247 5040 74 0 74 3416 1624 0
rap2_CML247 3733 80 256 336 1449 2284 0
zfl1_CML247 3041 274 352 626 1324 1717 2
zfl2_CML247 3518 62 287 349 1191 2327 0
ccal_CML52 25566 135 18360 18495 2181 23385 8
cct1_CML52 2554 0 427 427 723 1831 1
cct14_CML52 2174 209 540 749 1107 1067 1
cct43_CML52 33903 55 23367 23422 2492 31411 10
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d8_CML52 2907 735 57 792 2577 330 3
dif1_CML52 1713 107 52 159 1323 390 0
lhy1_CML52 736 0 0 0 559 177 0

mads1_CML52 19779 319 11016 11335 1162 18617 10
mads3_CML52 11468 296 3031 3327 833 10635 1
pebp8_CML52 1745 1 171 172 536 1209 0
phyC2_CML52 5060 74 326 400 3353 1707 0
rap2_CML52 3918 21 618 639 1044 2874 0
zfl1_CML52 2817 328 290 618 1302 1515 2
zfl2_CML52 7274 62 1708 1770 1146 6128 0

Supplementary Table 7. Annotation of the best alignments of long non-coding RNAs (IncRNAs)
derived from transposable elements (TEs) inserted into flowering-related genes in NAM maize lines.

Gene/
Genome

Position (bp)

Reference

Sequence

mads1_M37W

2764-7196

URS0002368ED6_4577

CUGGUAUCGCGAAGCCGACGAUCCUCGUCUUCUUCUCAACCACCCACAUCCACCCCA
GCAGCCACCAAUCAGCCCUCCCCACCACCCUCGCCCUCAACCUCCACCGCAUCCUCGG
GCCACGCUACCAACAUGUCCGACCCAACCAUGGUCGACCUCAUGGAGCUGAUGAGAU
CCUGGAAAACGGAGAUCACGACGGAGAUCAGGGAGAUGAAGGACGAGAUGGCCUCCA
UAAAGGCGAAGUCGGCCUCGUCAUCUGACCUGGGAGGCGGCGGUUGCAUGGAGCCUC
CUCGUGAGCAGGAUCGGCGCCCAGGUUCCAGACGUUGGACUUUCCCCGUUUCAAUGG
CAAGUCUGAUCUGAGGCUCUUUAUCAACAAAUGUGAGUCAUGUUUUCGUCAACAGCG
CACCAUGGCCGAGGAGCGCGUUUGGAUGGCGGCCUACAACCUCAAAGGCAUCGCACA
AGAAUGGUUCAUGCAACUCUAGGAGGACGACGACACGCCGUCGUGGGGGCGAUUCAA
AGAUCUCCUUGAUCUGCGAUUCGGACCGGCGCGGCGCUCGGUGCCCCUCUUCGAGCU
GACGGAGUGUCGACGCACCGACACCGUGGAGGAGUACUCCAACCACUUCUAGAGUCU
CCUCUUUCGCGCUGGGCGGCUCGACGAAUCCCAACGAGUCCAGCUGUUCACAGACAG
UCUGCUUCCACCUCUCAGCCACGCCGUCCGGCUCCACAGUCCGGAGACGCUGGCCGC
GGCUAUGGGAGCCUCGCCCGACAAGUGGAGUUGAUGGAACUCGACAAGCUGGCGGC
GGCCCUGGCCAAGCCGGCGCAUCGCGCGCCCCCGACCGCCCCGACACAACACCGGGCG
UUGGCAGCACCACAGGCGCCCCCGCUGCUCGCGCUAUCGGCACCGCCGGCGAAUGCU
GCACCAGCCGCGCGAGAGCGGCAACCUGGUUACCGUCUAUCCAAGGAAGAACAUGAG
GAACGCCACCGGCUCGGGCUGUGUUUCAACUGUGAUGAGGCAUACUUCCGCAGCCA
CAACUGCACCUGUCGCCGCAUCUUCUACGUCGAAGGUGUUGCGCUAGAGACAGACG
ACGAUGUCAUAGGCGCUGCUGGUCCAGCGGGGGAGCCCCCCAUCUACUCCCUACAU
GCAGUGGCCGGGGUACCUACCUUCGACACGCUGUGGGUUCGGGCGCUCCUCGGGAC
AGCAGAGCUAGUCGCCCUCGACACGGGAUCGACGCACAACUUCAUAGGCGAGCGCGC
AGCGUACCGCUCCGGGCUGCACAUCCAGCCGCGCCCACGGCUCGCCGCCACUGUGGCC
AACAGGCGAGCGCAUCAUCUGCCCGGGGGUCAUCCGCGACGCGCUAAUCAAGGUGC
AUGGUGAGACGUUCCACAUCGACCUUUUCGUCAUGCCUUUGGCAGGUUUCAACCUC
GUCCUCGGCACGCAGUGGUUGGGUACCCUCGGGCCCAUCGUCUGGGACGUCGCUGU
GCGGACUAUGCAGUUCCAGCGCGCGGGACACGCAGUCUGCUGGACCGGCCUUGCCUY
CUUCUGAUAGGCCGGCCCUCUGCGCGGCCACGGCGACUCCGACGUCGAUGCAGCCCC
AACUGGGCCGGGAGGCCCUCCUCGACGCCCUUCUUUACUCCCUCGGCAACGUCUUCA
CCGAGCCCCGCGGCCUCCCACCCAAGUGUACCCGUGACCACUGCAUCACCCUCAAGCC
GGGAGCGCUGCCGAUGGCGGCCCGUCCGUACCGGUACCCGACAGCACACAAGGACGA
GCUCGAGCGGCAGUGCACCGCCAUGAUCGAGCAGGGCAUUGUCCGCCGCAGCGACU
CGACGUUCUCCUCACCGGUACUCCUCAUUAAGAAGCCGGACGGCUCCUGGCAUUUC
UGCGUCGACUAUAGGGCGCUGAACGCGCUCACCGUCAAGGACGCCUUCCCAAUCCUG
GUGGUGGACGAGCGGCUGGACGAGCUCCACGGCGCGAAAUUCUUCACCAAGCUCGA
CAUGCGAUCGGGCUACCACCAGGUCCGGAUGCGCCCGGAGGACAUCCACAUGACGG
CCUUCCGCACCCACGACGGCCUAUACGAGUUCCUGGUGAUGCCGUUCGGGCUGUGCA
CGCCUCGGUGACGUUCCAGGCUUUGAUGAAUGAUGUGCUGCGACCGUUUCUUUGC
CGGUUUGUUCUGGUCUUCUUGACGACAUUUUGAUCUACAGUAAGAGCUGGGGAG
AACACCUUCGUCACAUCCGCGCCGUCCUCGAAGAACUUCAGCGCCAUCAGCUGUUC
CUCAAGCGCACCAAGUGUGUGUUCGGCGCAACGUUGAUCGGCUACCUCGGCCACG
UCAUCUCCGAGGCGGGCGUCGCCAUGGACCCGGCUAAGGUCUAGGCUAUCCGGGA
CUGGCCCACGCCUCGAUCAGCAUGGGCGGUACGAGGCUUCCUCGGCCUGGCGGGC
UACUACCGGAAGUUCGUCCACCACUACCGUACCGUAGCCACGCCAUUAACAACCUUG
UUGAAGAAGGACGGGUUCUCGUGGAGCGAGAAAGUCGCAGCGGCAUUUGCAGCACU
CAAGGACCGGUCACCUCGGCUCCCUUCCUCGCCAUGCCAUACUUCUCCAAGCUGUUC
GUCGUCGCGUGCGAUGUGUCGUCCCACGGUUUCGGUGCAGUGAUGGUCAGGACGG
CCACCCCAUCGCUUUUUUCAGUCGGGCUAUCACACCCCGACAUCAGGCGCUGGCGG
CCUACGAACGGGAGCCCAUUGGGCUCAUCAUGGCGGUCCGGCACUGGAGGCCAUAC
CUUUGGGGACGCUGGUUCGUCGUUAAAACCGACCACUACAGCCUCAAGUACCUGCU
GGAUCAGUGGCUCGCGACGAUUCCACAACAUCACUGGGUCGACAAGCUCCUAGGCU
UCGAUUUCUCCGUCGAGUAUAAGCCCAAGUCGACCAAUGUGGUGGCAGAUGCGCUC
UCCCGCCAUGACACGCCAGACGAUGGCCGAUGGGGCUCUCCUGGCCCUCUCAGACC
CGCGCUUCGACAUCGUGGAUCGACUUCGUUAGGCGCAGCUCACCGACUCCGCCCUC
GUUGUCAUGCAUGACGAGGUGCAGGCCGGCAUCAGGCGCGCGCCUUGGGCGGUGG
UCGAUGGGAUGGUCCAGUACGUCAGCCGACCCUACUUACCGCCAUCUUCACCGCUG
CUUCAGGAGCUGCUGGCAGUUGUGCACGCCAAAGGCCACGAGGGGUCCAGCGCAC
GCUGCACCGCCUUCGACGCGACUUUCACUUUCCUAACAUGAAGCAGGUGGUCCAAG
AAUAUGUACGAGAGUGCCCUACCUGCCAGCGCCACAAGUUCGAGCAUCUACACCCG
GCCGGGCUCCUACUUCCUCUCCCGAUUCCACAGGGAGUCUGGACGGACGUGGCGCU
GGACUUCGUCGAAGCCCUGCCCCGAGUACGCAGCAAGUUCGUCAUCUUGACAGUGG
UGGACAGGUUCAGCAAGUACUUUCACUUUAUUCCGCUGGCACACCCAUAUUUGGC
GGAGUCCGUGGCUCAGGCGUUCUUCGCGAAAAUUGUCCGCCUCCAUGGUGUGUC
GUAGUCCAUGGUGUCGGACCGCGACAUCGUGUUCACCUCCAAGUUCUGGCGGG
AGCUCAUGCGACUGAUGGGGACCAAUCUCCACAUGACAUCGGCCUUCCACCCU
CAGUCGGACGGCCAAUCCGAGUCGGCGAACAGAGUCAUCACCAUGUACCUGAGGUG
CCUCACGGGUGAUCGACCACGACAAUGGCUGUAGUGGCUCUCGUGGGCAGAAUACCU
CUUCAACACCACCUACCAGAGCUCCCUCCGUGACACGCCAUUCCGGAUCGUCUACGU
CUACGGACGCGAUCCUCCAUCCAUGCGAUCCUAUGAGCGGGGGACACACGUGUUGCU
GCUGUGGCCAGAACCAUGGAGGAACGCGAGGAGUUCCUCGCUGAUGUGUGCCAUCG
UCUGGAGCAGGCCCACGUCGUCCAGAAAAAGUAUUAUGACCAGGGACACCGCGUCGU
CACAUAUCAGGUGGGCAAGUGGGUGCUGCUCCGCCUCCGCCACCGGUCCCCUGCCUC
CCUCAACACCGACACCACCAGCAAGCUAAAGCCUAGGUUCUAUGGGCCGUACAGAG
UGCUGGAGAUCAUCAACGAGGUCGCUGUCCGCCUCAAGCUACCGGCACGAGCCCAUAUCCACGA
UGUGUUUCAUGUGGGCGUCCUCAAGAAGUACCACGACACACCUCCACAAGCUACGUCGCCACUG
CCCCCGCUUCACCAUGGGGCCGUCACCUUGGAGCCAGCCCGCACCGACAACACCAAGCUCGCCC
GUGGAGUGCGCCAGGUACUUAUUCAGUGGAAGGACCAGUCCCCAGCAUCAGCGACUUGGGA
GGACGUCGACACCUUCAGCGCCAAGUUCCCCACAUUCCAGCUCGAGGACGAGUUGCCUCU
CGAGGAGAGGAGAGA
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GGCUGCCUCUUUCCCUCAGGAAGCUAAGCAAGGAGCAGCUGCAACC
GCUAAUCGAUAGCCUUGCUGACCUCUUACCUAAUUGGAAGCGACCU
GAUGACUCGAGCUGCAAGCAUCAGUGCAACAUGUCUCACGCAACAG
UUAUAUACACCCAUGGCAUUGAUUACCUAAGUGGCUAUCAAAGCCA
UUGACAAGAUAGACGUGGCUUCUUGGAAAGGACGUAAGGAUGUGC
CGGUGGCCACUGCUAGUCGCUGGGCAAAGUGACACGCCAAGAGCU
GGUGGCUUGGCAUCUCAGAUUACAAAAGCUGAAUGGCCCUUCGGU
UAGAUGGCUGUGGUUGGAAAAAACGGAUCCCUCGAAGUCUUGGGC
UGAUUUACCUCUCCAGAGUUCCAGCAUUCUGAAAUCUAUCCUCUCUY
ACAGCUUUGAUUACAGAAAUUGGUGAUGGUCGUAACACCUUAUUU
UGGAGGGACAGAUGGUUGAUGGGGUUGAGGAUUGAGGAUCUAACU
CCUCAUAUUUUUGCCAUCGUCCCGACCAGGAUUACCAAUAGGAGA
ACGGUGGCUGAGGGUAUCGUGGAGAUGGCUUGGAUUCGGGACCU
GAGAGGCACCAUCACUUGGGAUAUCCUCUCGGAUUUUUUAACUC
UUAGUGAAGUCAUUGCAGAUUACUCCAUUAAUGUUGGAGUGCCA
cct43 IL14H 4279-5725 URS0002367EBD 4577 GACAAGCAUAUCUGGAAAUUCUCCCCGACAGGCCAAUACUCUUCA
- - AAGUCGGCUUAUGAUAUGUUAUUUCUUGGUUCCACUUCCUUGAGA
GCAUAUGAGCGCAUUUGGGAAUCUUGGGCACCUUCAAAGUGCAGU
UUCUUCCUUUGGCUUGUCAUGCACAACAGAUGCUGGACCGCAGAC
CGUCUUGCUAGAAGGGGGCUGCCCCACCCCAGUGUGUGCCCCCUU
UGCGACCAAGAAGAGGAAACAAUACAACAUCUUCUCAUCUCUUGC
GUCUUUGCACGACAGUUCUGGUAUUCCUUGUUAAGCAGGUCUGGG
UUGCCUAACCUUUCACCAGAUAAUGCUAGUUGCAGCCUUGAUGAC
UGGUGGAGCAGAGCUGUGGAGAAGAUUCCCCGUGACCUCCAAUCC
GGCUUCAAUUCUCUAGUUAUUCUUGGCGCUUGGUGCCUAUGGCGU
CAUCGCAACGACUGCGUGUUUAAUGGGAGAUCGCCAAGUCUGGCG
AGUGCUCUCACCCUCGCUGGCGAUGAGCUCAGGAUGUGGUGUAGU
GCCGGGGCAAAAGGGCUGAACCUGCUUUCAACUCUUAUGUUUAUG
CUUGACCCAGGGGGAUAGACUAGUGGCUUGUUCAGAGUGGUUGUGUGUGGUUUCUGUGUUGCGUCUU
GUGUCUUGUUGUGUCAUGUGUGUGUGUGUCGUGUCAGGUGUGUGUCGGGUGUGGUGUGUUGUACCUU
CUUCUAUCUAUUAAUGGAAUGAUACGCAGAUCUCCUGCGUGUUCGAGAAAA

UUGGUAUCAAAGCUAGGCACUUCAUCUUGAGUCUAACAACUCG
AAGUGAUGGCUCGUAGAAGAUCCCAAAAGAACAAGAAGACCCAGGAGAA
CAAGGAGGUAACUCUUGAGAUAUUACUUUCCGAUUGUUCUAAUUAUGUUUCUUGGUCUACUAGAGUGAUAA
AUGCCUUUAGAGCGGUAGACCCACAAUUAGAACAAAUUUUAGACAAGAGUAUUAUUCCUCCUAACUAUGCUA
GGGAAAAUGCCUCCGAAAAAGAUUUAAGAUGUAUACGCUUAAACUAUCUAGCUUAUGACAUCUUAAGUAAA
UCCCUUAGCAAAGAAGACUAUCAUGCCUUCAUAAUAAAAUAUGACAAACCCAUUUGUGAUGUGCAUGAUAU
UUGGAUUAGAAUUAAAAGCAAAUUUAAUAAGUCCAAACAUGAUAGUUCAUUUUGUGCUUCUACUUCCCUUG
GUAUUUGUGAUACUAACCCUUGCAAGGAAGAUGAAGAAAAUGAACGAUGGAGACCAAACGAUGAAUCCAC
CUCUCCAAAAGGUUUGUCUUCCCAUUUCAAUUCCCACAUAUGUUGUGUGGCUAAUGAAAAUGAUAGCGGAA
GCACAAAUGAGGAUGAGGAGGAAGAAAGAAGCUUUGUGCAUCUCUACGCUCGCCUAAGCCAAGAAGAUAA
GGCGGUCAUGCUCAAACUUCUAGAGAGAGCGAGAGAGCAAAGCGAAGCUCGUCAAAGGCUAGAAGAUAUU
CUCUCCAUAAAGAUGCAACACUUUGACGAGUUGACUAAAGAACAUGAGGAGCUAAAGUGCUCUCAUG
UUGAUUUGGUCCAAAGGUAUGAAACUAUUUCAAUUGAGCAAGAUAACGCUUCACAUUGUAUCGCU
CAAUUAGUAAAUAGGAAUACCUUGCUUAAGGACCAAGUGGAAAAGCUAAAAAUUGAAAAUCUAG
CUUUUCAAGAUAAAUAUGAUAUGCUCCUAUGCUCUCAUGAAAAUCUUAGAGAUGAUCAUAUC
AUAUUAAACAUUGCUCAUGAGGUUGUGAUAGAAAAUUUAAAAUCCCAACAACCUCACUCAUGCA
CAUGUAUUCAAAUUGAUACUAUAUUACCAUGUGCUAAUGCUUGUUGUUUGUCAACAAGCAAAUC
UUCCUUUGAGCCAGAAUUUGCAGGAACAAAUGAUGAUUCAUAUCAAAAGCUCAAAGAAGAAAAU
GAGAGGCUAAAGAAGAGCUUGACACAACUAAAAGGGAAAUGCAUUGCCCAACCUUCUCAAGAUAA
CCGUGAUCACAUGGUGAAGAAGCUUGAGACGGGAACAACCGUGGCAUGCACUACAUCCCUUGAA
GAAAAUGUCAAGGAUUUGAGGAUUGCCAUGAGGAGGGAACAAAAUAUGAAAUUCGACACCUCCU
CAAAAAGCCUCAACCACGCCUCCACAAAAGGUAACAUCCAAGGUAAUGAUCAAGCCACACUUCA
CAUUAAGAGGUGUAGUGAAUGCUUUGAAGAGGGGCACUUGAUUAGGUCAUGUCCCCAUAUU
AAUGGCUUGAUUAUUAACAAGGAUGAUAGACUUUGUUUUGAAUGCUCCAAGAAGGGACACUU
GCUUAGAUCUUGUCCCCAUUUAAAACAAAAAGGCAUAGGAUUAGAAAGGAAAGUUUUUACUA
ACCAUGUAGCAGGCAACAAGCAAGGAAAGAAGAAAACUUCAAAACUUGAAAAACGCCUAUGCUA
CACAUGCCGAAGAAAGGGACAUCAAUGCAAGGAUUGUCCCAUUGGUAACAAUUCCACUCCUAGCUU
GUCAAUUAAUUUUCAUAUAACUAGGCAACCCAAAAUUGCAACUUGUGCUAGAAAGGUAAUGAGUUU
ACCUAGUGCUAACACAAAGGACUUUUGGGUUCCUAGAUCUUUGUUUACUAACCUUAACAGACCCAU
CAAGCGAUGGGUACCAAAAUAUGCUUGACAAGCUUUGUAGGAAAAGGAGAUGGUAUGAACCUUUGG
GGUGCUUGAGGAAGUUAAUUCAAUUCUUAUCAACUCAAGCUAUCAAUCUUCAAAUGAUCUACAUAU
UCAAGAUUGACCCAAGGUUAUUUCAAUAUGUUAUUCAAAACCCAUAUCAUCUCGGGGAAGAUAUUG
AUGUUGUAGGAAUUAAAGAAUUAUCAUGUGCGGAAUAUCAAAGCCUACAACAUGGAGGAAAGUCAA
AGGAUGGUAACAUUUAUAUUCUUAAGUGCAAUUAUCUUAAAUUGUCGUGUGUCUUGUGUAGCCACA
UAGAAAUAGAAAGCACUUAAGCAUGUUUUAAAACUAUAUCAUCAUUCUUUGAAGAAAUUCCUCUC
AUAUGGUAGAUUGUGUAUUUAUCAAUUCUAUAUUAUGACAAUCUACAUGCUCUAAAUUGUUGCAA
UUUUUCAUGGCAUGUUUUUACAUUAAUUAUUAUUGCCAUGUUCUAGAUAUAGAGAGAUAUUUCA
UGUUCUUAAAAGAAUAAGGUGUCAUGUAAGAAAUUCAAAUACUUAGGACACUUAUAAAAGGAAA
AAUUCUCUCUAUAGCUAGAAAAGUGAGACUAAUAUUUUUAUCUAAGUAAUUUAAGUAGUCUCA
CUUGUAGAGAAUAAGUUUCUCUAUGGAAAUGCGUAUCUCGUCAUGUCUAGGAAAUUCUAUCC
AAUAAUUCAUGUUGUAUCUCUUAUUGCUUAAUUGGAUAUGAUUCUUUCACAUUUAUCGCUUU
CCAAAUCAUGAUUUAGAUUUAUUCCUAUAAUCUCAAAGGAUUAUUUAUGCUUGUUUUAUGA
GUUAAAAUUGAGCAUAACAUCAUCUAUGAAUAAUCUAGUUCAUGCUAUGGAGUUUCCAUG
UUUUGUUAAUCUAACUUCUCAUUCCUUACCAAAAUGAUUACAAAAAUUGGAAACUAGUGC
UUGUGUUGCUACUAACAUUUCUCUUGAGUUCAAUUAUGAAAAUCUACAAGAGAGAAAGUA
CACAAGCCUCAUGGGUUGAGCUUCACCCAAAGGAAGAAAGGUAAAAGCAAAGGUAUGGGAA
CUCAUCUUCUUAAUUAAGUUUAGUUCCCAUCUCAAUGAGCAUUUAAUCUAAAUUAUCAUAUU
CUACCCUUGUAAGGAAUAGAUUCGCUAUUGGACCGAAAUUAACUAAGUGUGCAUUCAAAUAU
CAUUUUCUUAAAUGCUCAUGUCCAUUAGAAUCUAUUUAAUGCCUUUGCGAUAUUUAUAUGUUAUC
AUAUUGAUUUGCUUCCAAGUGAUGAUUAACUAACUUCAAUAUGAUAAAGUAAAAUCUCCAAUA
AUUAUUAAAAUGCUUAAAAGGUGCUCACUCAUUUUUCUCAAAUGAAAUGCACUAAUGUUAAG
GAUUUUACUUCAUGUCUGUGUGACUUGUGGAUGAUGAAUUUUGUAUGCUAAUUAUCUAAAGU
ccal CML52 4286-9928 URS000234CC25 4577 AAUCAUCAUUCACCAUAUACUCCCUUGCGCUAUUGACAUCUCUCUUGAGUAUUUUCAAUAAG
- —_ UUUGGAAGGAAAAAGAGACAACUACAAAGGGAGGACACUCAAAUGAAAAAGGAAGAACAUCA
AGGACAACAACACCUUCUUGGACAAUAAGUUUUUCACAACAAUCAAUGGUGUGGUUGUAAGCAUU
CUAAGUCCUUUUCUUUUUCAUUAUGAGGUUACCAGGCUUAAGUUAUUUAUAGCAAAAUUUAUGA
GCCUUGAUCAAGAUGUAUAAUGAUUCUCCUUUUAUGUUCUUAAAAUUGAAUGCAUUGAAAUCAA
UUCUCUCAAUUACUUGAUGCAUAUCUUUAGGGGGAGUCCAUUAUUAUAUUUUGAUUAUGUUGAG
ACUAUUGCUUUAUCUUAGUAAUUUCAUAUAGUCUCUUGCAUGAGAAUAAUGUUUCUCAUAUAGU
AUGCUAUUUCACAUCAAUCAAACUUGUUAAAGUAAUAUCACUUUCAUCAAGGUUUGUUGCCUCC
AUUUCUAAAAGUAGCAUGCUUAUUGGAUUCUCCUAUUACUAAGCUUGAUUGAAAAUUUCAUGCC
UUUGUUGUUUUCUUGAUCGCAUAUUGGUUGAUCAUUGAACAACUUCAAUCAACACUUAUGAUUCUU
AGUGCCUCAUGUAAUUUGAAUUUGAUUUCAAUUGUGCACUAAGGAAAAAGGAGAAUUCAUGAUUC
AUUUAUGCAACUUGUGAUCCAUUUUGAUAUAUGCUAACAAUAACUUGAAAAAGAUCACUAGUUGU
AGAACUCUCUCUUGUGCAAAGUAUUUCCAUAUAUUGUCAUUGAGUAUAGGUCUUAAGCAACUAAG
ACUAAGGACAAAGCACAAUGAAGAGAGCAUCUCUAUGAGAAGGUACAAAAGGGUAAAACCACUUC
CUUUCAUUUAAACUUGUACCUAAAUCUUCCUCUUAUAAGCAUUCUUUGCAUAUCUUAUACAUAAG
GAAGAGAAAGCAUGUCCUUUGCAUUUAUCCCUGCUUCAUACCUAGUUUAACCUCUUAAAAUUUCA
CUCAUGCAUUAUUGCAUCUUUAUUAAAACUAGAUGAAGUGAUUCUAUUGUCAAAGAGCUUAAAGC
UUAACCUUGUAACGAGGAUAAGCUACCUUUGUUCCAAAGGUGGAUGGUCCUUAAGUCUCUUUGAA
AUCCUUAAAGGAAAAUGCUUAAAAUGUUUGCAACAUGCUUUCAUAAGUGCAUAAACUGUCUUGAGC
AUCACUCAUAUACUAUGACACAAUGCACUUCACUUUCUCUAUGGUAUAGACUUGUUCUCAUUAACCU
AAUUAUGUGCACUUGGCAUUUAAGGCCAAAAUAUGUAUUCCUCUCAAGGCACAUAUUUAGGGGGAGAA
AUCUAUAUUAUAUAGAACUAUGAUCAUGCUUAAUUGACAUAUCUCUUGGUCAUAUCUCUUUCAUUUUG
GUACAAAUGCAUAUAUCCUAUUAUUCCCGUACCAUGACUACGACUAAUAUGUUUCCAAGUAUAUU
ACUAUGCUAAGUCGUAGAUUGAAAGGGAAAUGGAGUCUUCGGCGAAAACAAAGGCUUCCACUCC
GUAUAUCAUACUUCGCCAUCACUCCAAGCAACUCUCUAUUCCUUGGGGGAGAAAUGAGCAUCAAA
GAAAAGGACUUCGUCUCUGGAAGAGAGUAAGAGCCCAAAGAUAAAAGACCGGACUUCGCCUUUGG
UAUAAUCUUAACUCAUUUAUUUAUGCCCAAAGGGGAAGAUAGCACUUCAAGGGCUCUAAUGAUU
CCGUUUUUGGCGAUUCAUGCCAAAAAGGGGGAGAAAUGAGCCCAAAGCAAGCAAAAGGACCGCA
CCACACCACCACCAAAUUCAAAAACUUAGUGCUUUCCAAAAGUAUUUAUCAUUUGGUAUCCUAUU
GUGUUCAAAAAGGGGGAGAAAGGAGUAUUUCAAAAAUGGUAUAUCAAAACCCUCUUGAACACUAA
GAGGUGGAUCUCUUUUAGGGGGAGUUUUGUUGAAGUCAAAGGGAAAGCAUUUGAAACAGGGGGA
GAAAAUUUCAAAUCUUGAAAAUGCUUUACAAACUCUUAUUCAUUUACCUUUGACUAUUUGCAAAA
GAUCUUUGAAAUGGAUUUACAAAAAGAAUUUGCAAAAACAAAACAUGUGGUGCAAGCGUGGUCC
AAAAUACUAAAUAAAAUAAAGAAAGAAAGCAUUCCAUGCAUAUCUUGUAAGUAGUAAUAUUGGUUUAAUUCCAAGUAAU
CUUUGCACCUAUUCUAUGCAAACUAGUUCAAUUAUUCUCUUAUAUAUUUGCUUUGGUUUGUGUUGGCAUCAAUCACC
AAAAAGGGGGGGA
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zfl1_P39

23460-29021

URS000236DFFD_4577

UUGGUAUCAGAACUAGGCACUUCAUAUUGAGUCUAACAACUCGAAGUGAUGGCUCGUAGA
AGAUCCCAAAAGAACAAGAAGACAACUCCGAAGGAGAACAAGGAGGUAACUCUUGAG
AUAUUACUUUUCGAUUGUUCUAAUUAUGAGUCAUGGUCUACUACAGUGAUAAAUGCU
UUUAGAACCAUAGACUCACGAUUAGAACAAAUUUUAGACAAGAGUAUCAUACCCUCCA
GCUAUAAUGAUAAAAAUAUUUCCGAGGAAGAUCAAAGAUGUAUACGCUUAAACUAUCU
AGCUUUUGACAUCCUAGUUAAUUCUCUUAGCAAGGAAGAUUAUCAUGCCUUCAUAAUAA
AUCAUUAUGAACAUAUUCCUGAUGCACAUGAUAUUUGGACUAUAAUUAAAAUCAAAUUU
GAUGAGUCCAAACAUGAUAGUUCACUUUGUGCUUCUACUUCCUUUGGUCUUUGUGAUACU
AACCCUUGCAAGGAAGAAGAAGAAAAUGACCGAUGGAGACCAAACGAUGAAUCCACCUCU
CCAAGAGGUUUGUCUUCCCAUUUCGAUUCCCACAUAUGUUGUGUGGCUAAUGAAAAUGAU
AGCGGAAGCACAAACGAGGAUGAGGAGGAAGAAAGAAGCUUCAGGCAACUCUACGCUCGC
CUAAACCAAGAAGAUAAGGCGGUCAUGCUAAAACUUCUAGAAAGAGCGAGAGAGCAAAGC
GAAGCUCGUCAAAGGCUAGAAGAUGUUCUCUCCAUGAAAAUGCUACACUUUGACGAGUUG
ACUAAAGAACAUGAGGAGCUAAAGUGCUCUCAUGUUGAUUUGGUCCAAAGGUAUGAAACU
AUUUCAAUUGAGCAAGAUAACGCUUUACAUUGUAUCGCUCAAUUAGUAAAUAGGAAUACC
UUGCUUAAGGACCAAGUAGAAGAGCUAAAAGUUGAAAAUCUAGCUUUUCAAGAAAAAUAU
GAUAUGCUCCUUUGCUCUCAUGAAAAUCUUAUGGAUGAUCAUAUCAUAUUAAAUAUUGC
UCAUGAGGUUGUGAUAGAAAACUUAAAAUCACAACAACCUCACUCAUGCACAUGUAUUCA
AAUUGAAACUAUAUUACCAUGUGCUAAUGCUUGUUGUCCGUCGACAAGCAAAUCUUCCUU
UGAGCUAGAAUUUGCAGGAACAAAUGAUGAUACAUAUCAAAAUCUCAAAGAAGAAAAUG
AGAGGCUAAAAAUGAGCUUGACACAACUAAAAGGGAAGUGCAUUGCUCAACCUUCUCAA
GAUAACCGUGAUCACAUGGUGAAGAAGCUUGAGACGGGAACAACCGUGGCAUGCACUAA
AUCCCUUGAAGAAAAUGUCAAGGACUUGAGGAUUGCCAAGAGGAGGGAACAAAAGAAGA
AAAUCAAUACCUCUUCCAAAAUCCUCAACCAUGCCUCCAUAAAAGGUAACAUCUAAGGUA
AUAAUCAAGUCACACUUCACACUAAGAGAAGUAAGAAGUGUAGUGAAUGCUUUGAAAAG
GGGCACUCGAUUAGGUCAUGUCCCUAUAUUAAAAAUGACUUGAUUAUUAACAAGGAUGA
UAAACUUUGUUUUAAAUACUCCAAGAAGGGGCACUUGUUUAGGUCUUGUCCCCAUUUG
AAACAAAAAGGCAUAGUGUUAGAAAAGAAAAUAUUCACUAACCAUGUAGCAAGAAAGAA
ACAAGGAAAGAAGAAAUCUUCAAGACUUGAGGAUCGCCUAUGCUACAUAUGCCGAAAGAA
GGGACAUCAAUGCAAGGAUUGUCCCAUUGGUAACAAUCCCACUCCUAGCUUGUCAAUUA
AUUCUCAUGUAACUAGGCAACCCAAAAUUGCAACUUGUGCUAGAAAGGUAAUGAGUUUA
CCUAGGGCUAGCACAAAGGACGUUUGGGUUCCUAGAUCUUUGUUGACUAACCUUGAUGG
ACCCAUCAAGAGAUGGGUACCAAAAUAUGCUUGACAAGUUUUUGCAGGAGAAGGAGAUG
GUAUGAAGCUUAGGGGUGCUUGAGAGAGUCAAUUCAACUUUUAUUAACUCAAGCUAUCA
UUCUUCAAUGAUCUAUAUCCAAGAUUGACCAAAGUUAUUUUGAAUUGUUAUAUCUAAAA
CUCAUAUCAUCUCGGGAAAGAUGUUGAUGUUGUAGGAAAUAAAGAAUUAUACUGUGCGA
AAAGUCAAGGCCUACAACAUGGAGGAAAGUCAAAGGAUGGUAACAUUUUUUUAAAUGCA
AGUAUCUUAAAUUAUCAUUUCUUAUGUGUCUUGUGUAGUCACAUAGAAAAGCACUUCAA
AAAAUUUUUAUAAAAAAAUUGUCACCAUUCUUUGAAGAAAUUCCUCUCAUAUGGUAGAUU
GCAUAUUCAUCAUUUCUAUUCUAUAGCAAUCUACAUGCUUUAAAUUGUUGUAAGUAUUUC
AUGGCAUGUUUUAAUCUAAUCAUACCAUUAUUGCCAUGAUCUAGAUAUAAAGGAAUAUU
CCAUGUUCUUAAAAGAAUAAAGUGUCAUGUCAAGAAUUCAAUUCCCUAGGACACUUAU
AAAGGGAAUCUCUCUUUGUAUCUAGAAUCGUGAGACUAAUGUUUUUGUCUAAAUAACC
UAAGUAGUCUAACAUGUAGAGAAAAAUAUGUUUCUCUUUGGAGAUACGUAAUCUAACA
UAAAAAGAAAAGUCAAUCCAAUGAUUUAUGUUGUUUUGCUUCCAACUUAUAUUGGAUA
UGAUUCUUCUACAUUUAUCGCUCUCCAUGUCAUGAAUUAGAUUUAUUCCUAUAAUCCU
AAAGAACUAACUAUGCUUGUUUUAUAAGUUAAAACUAAGCUUACUUCAAGGAAUAAUCU
AGUUCAUAUUAGGUUUCCAUGUUUUAGUAAUCCACUUUUCAUUCCUUAUCAAAAUAAUUA
CAAAAAGGGAAACUAGUGCUUGUGUUGCUAUUAACAUUUCUCUUGAGCUUACUUAUG
AAAAUCUACAAGAGAGUAAGUGCAAGUUUAAAGCCACAAGCCUCAAAGGGUUGAUCUU
CACCCAAAGGAAGAAAGGUAAAAGCAAUGGUAUGAGAACUCAUCUUCUUAAUCAAAUAU
AGUUCCCAUCAAUGGUCAUUUACUCUAAAUUAUCAUAUUCUACCCGUGUGAAGAAUAGA
UUCUUUAUUGGACUUAAUUUUUGCUAGGUGUGCAUUCAAUCUCGUAUUCAUAAAUGCA
CUAGUCCGUUAGAAUCUAUUUCAUGCCUUUGCUAUACAUAUUCUUAUAUUGAUUUGCUUC
UAAAUAAUGAUCAAUAAAUUCAAUAUGAAGAAGUAAAUUUCCUACGAUUGAUUAAAAUG
UUUAAAGGGUGCAUAUUCCUCUUUCCUAAAGAUGUGCACUAACGUUAAGGAAUUUACUU
CAAGUAUAUGUGAAUUUUGGAUGAUGAAUUGUGUUUAUAUUCCUUAUCUAAAAGAAAUC
AUUCUUCAUCAUGUACUCCCUUGUGCUAUUAGCAUCUCUCUUGAGUAUUUUCAAUAAG
UUUGGAAGGAAAAAGAGACAACUACAAAGGGAGGACACUCAAAUGAAAAAGGAAGACAU
CAAGAGCAACAACACCUGCUUGGAUAAUGAGAUCUUCAAAACAAUCAAUGGUGUGGUUG
UAAGCAUUCUAAAUCUUUUUCAUUGUGAGAAUACUAGGCAUAAAAUGUUUAUUGCAAAU
CUUGUAAGCCUUGAUCAAGAUGAAUGGUGCUUCUCCCUAUUCGUCUCUAAAGUUGAAU
GCAUCUAUUCCUUUCAUUUCAAUUCUUUGAUGCAUAUCUCUAGGGGGAGCCUAUUUCU
AUAUCCUGAUCAUAUCGAGACUAUCGCUUUAUCCAAGUAAUCUCAUAUAGUCUCAUGUA
UGAGAAUAAGUUUCUCAUGAAGUAUGCUACUACAUAUCAAUCCAACUUGUUAAAAUAA
UGUCGCUCUUAUCAAGGAUUGCUGCUCUCAUUGUUAAAAUAACAUAUUUACUGGAUUCU
CCUACUUCAAAGCUUAUAUAAUGCAUAUGUUAUUCUUUUGAUCGCAUCUGUUGUGUGUUU
GAUCAUUGAAUAGCUUCAAUUAACACUUAUGCUUCUUAGUGCACCAUGUAAUCUCAAUC
AAUAUCUCUCUUGUGCACUAAGUUAAAAGGAGAAUUCAUGAUACAUUUAUGCAAUUUGUG
AUCUACUUGAUAUAUAAUAACAAUGACUUAUAAAAGGAUCACUAGUUGUAGAACCCUCUC
UUGUGCAAAAUAUUUCCAUGUAUUGUCUUGAGUAUAGGUCUUAAGCGACUAAGACUAAGG
ACAAAGCACAAUAAAGAGAGCAUCUCUAAGUGAAGGUACAAAAGGGUAAAACAACUU
CCUUUCAUUUUUACUUGUACCUAAAUCUUCCUUUUUCAUACCUUCUUUGCAUAUCUU
GUAUAAAAGGAAGAGAAAGCAUGUUCAUGCAUUAACCCUGCUUCAUACCUAGUUUAA
CUUCUCAAACAUUCAUUCUUGCAUCUUUGUUAAAACCGGGUGAAGUAAUUUUAUUG
UCAAGAGCUUAAAGCUUAACCUUGUAACGAGGGUAAGCUGCCUUUGUUCCAGAGGU
GGAUGGUCCUUAAGCCUCUUUAAAAUCCUUAAAGGUAAAUGCUUGAAACAUUUAUAA
CAUGUUUCAUAAGUGCAUAAACUGUCAUGAGCAUCACACUUAUACUAUGACACAAUG
CACUUCACAUUCUCUAUGAUAUAGACAUAAUCUCAUUAACCUAAUUAUGUGCACUUGG
CAUUUAAGACCAUAUAUCUGUAUUCCUCUCAAAGCACAUAUUUAGGGGGAGCAAUCU
AUAUUAUAUAGAAUUGUUUAAGCUUAAUUGACAUAUCCUUUUCAUCAUGUCUCUUUCCC
UUGGUACAUUUGCAUAUUUCCUAUCUCUAUUGUGCCAAGGCUAAGACUAGUAUGUUUCC
AUGAGUAUCGUAUGUAUUAAGUCUUAGAUUGAAAGGGAAAUGGAGUAUUCGGCAAAGA
CAUCGCUUCCACUCAACUCCAUUGGUAUUAUCCACUCUUUGCCGAUAUUCCGCCAUCUC
UCCAAUUUGGUAUAAUCUUCACUCAUAUAUUGUUUGCCAAAGGGGGAGAGAACGUAAAAAA
GAGGGGCUUAUAUUUCACUCAAGUAUCCGUUUUUGGCGAUUCAUGCCAAAGGGGGAGAAA
GUAUUAGCCCAAAGCAAAAGGACCGCACCACCACCAAUUUUAAAGAUUUUUCAAUUGGUG
AUUUUUCAAUCGAUAUCUUAUUUUUGUUAGAACUUCAAAUUGGUAUAUCCCCUUUUUC

AAAAUUAAUAUCUAAAACCCUCUUGAACACU; UUUUAUL UUUUGUUUAGUCAAAGG
AAAAGCAUUUGAAACAGGGGGAGAAAAUUUCAAAUCUUGAAAAUGCUUCUCAAAAUCUUAUUCAUAUACCUUUGA
CUAUUUGC ACUUU UUUCCAA UUUGCAAAAACAAAACAAGUGGUGCAAGCGUGGUCC

AAAAUGUUAAAUUAGAAGAAAUCAAUUCAUGCAUAUCUUAUGAAAUGUAAAUUGGUCUAAUUCCAAGUAACCUUUG
CACUUACCUUAUGCAAACUAGUUCAAUUCUGCACUUAUAUAUUUGCUUUGGUUUGUGUUGGCAUCAAUCACCAAAAA
GGGGGAGA
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UGACGCAGCUCCACUACCAGGCUGGGGGUGUCCAGAACAUCCGCCUCCUCGUU
CCGGUCGUCCUCGAGCCCGAGUCGCCCUCCUACGCUCGCUGGCGGGACUUGGU
CCUCCUCACCCUCCGUCGCUACGCCCUCGACGAUCACGUCCUCGUCGACGCCU
CGGCCGCGGUCCAGACAUCCGCGUGGCUGCGUCUCGACAGCAUCGUCCUCUCUY
GGAUCCUCGGGACGAUCUCCCUCGACCUCCACGACCUCGUCCGCAACACUCCGA
GCGCUCGCGGGGCCUGGCUGGCGCUCGAGGGCCAGUUCCUGGGCAACGCCGAGG
CCCGGGCACUGCGACUCGACGCGAGCUUCCGCACCUUCGUCCAGGGCGAUCUCU
CCGUCAGCGAGUUCUGCCGCCAGAUGAAGGGCAUGGCGGACUCUCUCGGCGACC
UCGGCUGGCCCGUGGAGGACCGUAUCUUGGUCCUCAACGUCCUUCGCGGGCUCA
GUGACCGAUACUCCUACCUCCGGACGUGGAUCACCCGGCAGCGGCCCUUCCCCA
CCUUCCUGCAGGUCCGUGACGACCUUGCCAUGGAGGAGCUUACUCAGGGCCUCC
AGCCUGGGUCCUCAGGGUCCUCGUCCUCGACUGCUCUUGCUGCCACUCCUCCG
CCCCGUCCUGCCCCGCCACCACAGUCGUCACUUCUUGGCCCUCUUCCCCCCGGG
CCGAGCGGGGGUGGAGGGGGCCGUGGCGGCCGCCGUCGCCGUGGUGGGGGAC
GUGGAGCAGGUCGUGGGGGCAACACGACGCCGACACCUCCACGGGGUGCACCCU
GGCCAUCCUUCCACCACCCAUGGUCAGGGCGCAUCUCCAUGUGGCCGUUCCA
GGCUUCCGGUGGCGACCCUCGCCCGCCGGCGGCCAUGCUCGCGGGUGCUCCCU
CGGGGUUCCCCUCAGUGACCCCGUGGGCGGCCCCGUUCCCCGCGUCCUCGU
GGGCUACUCCACCGGCGACCUUGCCCGGGUCUGCCGGCUGGGACCAGGCGG
CCUUGGCGCACUCCUUCAGCACUAUGGCCCUGACACCUCCAGUCGGGCCGGA
GUGGGUCGCCGACUCUGGGGCUACUUACCACACCACUUCUAACCCCGGUAUU
CUUUCUUCUGUUCACCCUCCUUCUCCAUCUCUCCCUUCGUCCAUUAUGGUCG
CUAAUGGGUCUUGUCUUCCUGUCACCUCUGUGGGUGCCGCCGGCCCCCAUGG
UUCCUUUCGUCUUCCUGAUGUUCUUGUUGCUCCUUCUAUGGUUCACAAU
CUUCUUUCUAUUCGUCGUUUUACAACUGACAAUUCUUGUUAUGUGGAGUUU
GACUCUUCUGGUCUUACUGUGAAGGAUUUGGCUUCCCGACGUCCUCUGC
UCCGAUGUGACAGCACGGGGCCCCUUUACACUCUUCGCUUUCCGGCAU
CUGCCUCGCCUCCUUCGCCAGUCUUGUCAGCUGCCUUCGCCACCACUA
CCUCCACUACUUGGCACCGGCGUCUCGGCCAUCCUGGACGUGAUGCUUU
GAUGCAGCUUAGUCGUAGUUCCGAUAUUCGAUGUACUCGGGCUCACGAU
GAGCAUUUGUGUCAUGCGUGCCAACUGGGCCGUCAUGUUCGUCUUCCUUUUY
CUAGUUCUUCUCAUGCGGCCCGCAUUUUUGACCUUGUACAUUGUGACUUAUGG
ACCUCUCCUGUCAUUAGUAUUUCUGGAUACAAGUACUAUCUUGUGGUGGUGG
AUGAUUAUUCUCAUUAUUCCUGGACUUUUCCUUUACGUGCAAAGUCUGAUGC
UUUCCCUGCGCUUGUCCACUUUUUCGCUUGGGUCUCCACACAGUUCGGCCU
CCCUAUCAAGGCUGUCCAGUGUGACAAUGGUCGGGAGUUCGACAACUCC
ACCUCCCGCGCCUUCUUUCUCUCUCACGGUGUCCAGUUGCGCAUGUCUU
GCCCGUAUACUUCCUCUCAAAACGGCAAGGCUGAGCGCAUGAUUCGCA
CCACCAACGACACCAUGCGCACACUCCUGCUCCAGGCCUCUCUUCCUG
CUCGCUUCUGGGCCGAGAGCUUGCACACGUCCACUUACCUCCUUAACC
GCCUUCCUUCCGCUGCUUGUCCAGCUCCCACACCACACCACGCUCUCUUY
GGUACCCCUCCUCGCUAUGAUCACCUUCGAGUCUUUGGGUGUGCGUGUUA
CCCCAACACCACUGCCACCGCUCCUCACAAGCUGGCACCCCGAUCGACU
CUUUGUGUCUUCCUUGGGUACUCCCCGGAUCACAAGGGGUACCGAUGUU
|hy1 M37W 27339-31835 URS00023CCFE9 4558 ACGACCUUACCUCUCGUCGAGUCCUCAUAUCUCGCCAUGUGGUGUUCGA

- - CGAGUCGAUCUUCCCCUUUUCCACCACUACCACUCCUGCUUCCACCUCG
GAGCUUGACCUCUCCUCUGUGUUUCCUACUGACCCGGUGGUCGAGCCACC
UUUCCCGGUGUUUCCUGCAGGUACUGCUACGUCGCCUGUCGCCCGUGACA
CCUCGGGGCCUCUACCCUGCCCGGGUCCCGAGGGGUCACCUUCCGGCCCGG
CCCCUGCGCCUGACGCGGGUCCCGGGUCGGCACCUUCGACACCGACACCA
CCGGCACGCUUCGCCCAGCCGGUGCGUGUCUACCAACGACGUGCUCCCGA
CGUGGGUCCCGGGUCGGCGUCUCCGACUCCGGCCCCACCGGCACGUUUC
GCCCAGCCGGUGCGCGUCUACCAGCGACGUGCCCGGCUGGCGCCGCUGCCU
CCGGCAGCGUCGGUGGCCCCCUCUUCGCCGGGGUCACCUGCGUCACCGGCGA
CGUCUUCCCCGCCGGCGACACCGACCCCGCCGCCGAGGCACCCAGUUUCUCGGG
CCGCGACUUCGGUGUACCACCCACCGCUCCUUCACCGACACCCGUGUCAUGUU
CACCCGAUGGUGACACGACACGCGGCUGGGACCCUGCAGCCCCGGGCUCUU
GCGGCGAUGCCCGGGGACUCGCAGGUCUCACCGGUACCCUCUUCCGUCCGCU
AAGCCUUGCUGGACCCUCACUGGCGCCGCGCGAUGGAAGAGGAGUACGCGG
CCCUCCUCGCCAACCAGACAUGGGAUCUGGUGCCACGACCGCCGGGCUCAAA
CAUCGUCACCGGCAAGUGGAUCUGGACCCACAAGCGCCGGGCUGACGGCA
CCCUUGAGCGGUACAAGGCUCGCUGGGUCCUCCGGGGCUUCACUCAGCGG
CUCGGUGUCGACUACGACGAGACCUUCAGCCCGGUGGUAAAGCCGGCCA
CCGUCCGCACGGUGCUCUCGCUGGCUCUCACGCGCGGGUGGCCCGUGCAUC
AGCUGGACGUCAAGAAUGCUUUCCUGCAUGGCGUUCUUACUGAGACAGUCUA
CUGCAGUCAGCCUGCGGGGUUUGUUGACUCUUCUUGUCCUGACAUGGUGUGU
CGGCUCAAGAAGUCUCUCUACGGCCUCAAGCAGGCCCCCCGGGCGUGGAA
CCAUCGGUUUGCUGCUUUUCUACUGGCUCUGGGGUUCGUGGAGGCAAAGU
CAGACACCUCGUUGUUCAUCUAUCACAAUGGGGCUGAGACUGCAUAUCUGCU
GCUCUAUGUUGAUGACAUUGUCCUUACAGCCUCCAGUGAGUCCCUCCUUCGA
CGGAUCAUCGCAUCACUUCAGCAGGAGUUCGCUAUGAAGGAUCUGGGUC
GGCUCCACCACUUCCUCGGGGUCACUGUUGAGCCUCACCCUGCUGGAUUA
CUCCUUCACCAGCGGCAGUACACUCUUGACAUCCUGGAGAGAGCUGGG

AUGACUGACUGCAAGCCCUGCUCCACUCCGGUUGACACACAGGGC
AAGAUAUCAGAGGUUGAGGGUACCCCCGUGACAGAUCCCACUGCA
UAUCGGAGUCUUGCCGGGGCACUUCAGUACCUCACCUUCACUC
GGCCGGAUAUCACCUAUGCAGUUCAGCAGAUCUGUCUUCAUAUGCAU
GAUCCCCGGGAGCCACACCUCACCGCUCUCAAGCGGAUCCUUCGC
UAUCUCCGCGGCUCUGUCGACUUCGGUCUCCUCCUCCACCGAC
GGUCGUCCUCCUCCGAGCUCGUCGUCUACACUGACGCCGACUGGG
CCGGGUGUCCGGACACCCGCCGCUCCACCUCCGGCUACGCCGUCUU
CCUAGGCGGCAACCUGGUGUCUUGGUCGUCCAAGCGCCAGCCGGU
CGUCUCCCGCUCCAGUGCCGAGGCGGAGUACCGCGCUGUCGCCAA
CGGCGUGGCUGAGGCUUCCUGGCUCCGGCAACUCCUCGCUGAGCU
CCACAGCCCUCUCUCCCGGAGCGCACUGGUCUACUGCGACAAUGU

CAGUGCGGUGUACCUCUCCACCAACCCUGUGCAGCACCAGAGGACC
AAGCAUGUGGAGAUCGAUCUACACUUCGUUCGGGACCGGGUUGCUGUCGGCGAUGUUCGGG
UCCUCCAUGUCCCGACCACAUCCCAGUUCGCCGACAUCUUCACCAAGGGCCUCCCGUCCUCG
ACCUUCGCCGAGUUCCGCUCCAGCCUCAACAUCACCAGUGGCUAGUUGUGUCUGUGGG
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GCUGGACGAAAAACUCAUAGCUCGUUAACUCGCUCGACUCGACUCGAUAGUGGUUCAAC
UCGACUCGGCUCGUUUAUAAUUUGUAACGAGUUGAGCUUGUAUUUCAACUCGUUAUGA
UAACGAGCCAGCUCGAGCUGGCUCGUGAGCUAACUCGCGAGCCAAAUGAGUUGGAGUAA
n1a(js3 UUAGUCAAAUCACAAUAAUCUCCGAUCCAAAAUAGUUAAUCUUGUACUCUACUAUAGUUA
- 60717-61245 URS0002376D83 4577 AUAUUGUUAUUUGUUGAGUGUGGAAUCUUAAGUUGCAAACUCUAUUAUUUUUUCUAAAU
NC350 - AAGAUCUCCUUCUUUUCUUUUGCUACAUGUUUUUAUAUCCGUUCAUAAACACUAGACAU
GGUAUUAUCGAGCUGGCUCGCGAGCUAAACGAGCCAGCUCGAGUUGGCAAACGAGUCGAGCCGAGUUGGAU
CCUUAGCUCGUUAACAUAACGAGUCGAGCCGAGUCAGCUCGUUAUCUUAACGAGCCAGUUCGAGUCGAGU
CGAGCCGAGCCGAGCCAGCUCGAUAUCCACCCCU

CUGGUAUCGCGAAGCCGACGAUCCUCGUCUUCUUCUCAACCACCCACAUCCA
CCCCAGCAGCCACCAAUCAGCCCUCCCCACCACCCUCGCCCUCAACCUCCACCG
CAUCCUCGGGCCACGCUACCAACAUGUCCGACCCAACCAUGGUCGACCUCAUGG
AGCUGAUGAGAUCCUGGAAAACGGAGAUCACGACGGAGAUCAGGGAGAUGAA
GGACGAGAUGGCCUCCAUAAAGGCGAAGUCGGCCUCGUCAUCUGACCUGGG
AGGCGGCGGUUGCAUGGAGCCUCCUCGUGAGCAGGAUCGGCGCCCAGGUUCC
AGACGUUGGACUUUCCCCGUUUCAAUGGCAAGUCUGAUCUGAGGCUCUUUAU
CAACAAAUGUGAGUCAUGUUUUCGUCAACAGCGCACCAUGGCCGAGGAGCGC
GUUUGGAUGGCGGCCUACAACCUCAAAGGCAUCGCACAAGAAUGGUUCAUG
CAACUCUAGGAGGACGACGACACGCCGUCGUGGGGGCGAUUCAAAGAUCU
CCUUGAUCUGCGAUUCGGACCGGCGCGGCGCUCGGUGCCCCUCUUCGAGC
UGACGGAGUGUCGACGCACCGACACCGUGGAGGAGUACUCCAACCACUU
CUAGAGUCUCCUCUUUCGCGCUGGGCGGCUCGACGAAUCCCAACGAGUCCA
GCUGUUCACAGACAGUCUGCUUCCACCUCUCAGCCACGCCGUCCGGCUCCAC
AGUCCGGAGACGCUGGCCGCGGCUAUGGGAGCCUCGCCCGACAAGUGGAGUUG
AUGGAACUCGACAAGCUGGCGGCGGCCCUGGCCAAGCCGGCGCAUCGCGCG
CCCCCGACCGCCCCGACACAACACCGGGCGUUGGCAGCACCACAGGCGCCCCC
GCUGCUCGCGCUAUCGGCACCGCCGGCGAAUGCUGCACCAGCCGCGCGAGAGC
GGCAACCUGGUUACCGUCUAUCCAAGGAAGAACAUGAGGAACGCCACCGGCUC
GGGCUGUGUUUCAACUGUGAUGAGGCAUACUUCCGCAGCCACAACUGCACCU
GUCGCCGCAUCUUCUACGUCGAAGGUGUUGCGCUAGAGACAGACGACGAUGUC
AUAGGCGCUGCUGGUCCAGCGGGGGAGCCCCCCAUCUACUCCCUACAUGCAGU
GGCCGGGGUACCUACCUUCGACACGCUGUGGGUUCGGGCGCUCCUCGGGACAG
CAGAGCUAGUCGCCCUCGACACGGGAUCGACGCACAACUUCAUAGGCGAGCGCG
CAGCGUACCGCUCCGGGCUGCACAUCCAGCCGCGCCCACGGCUCGCCGCCACUG
UGGCCAACAGGCGAGCGCAUCAUCUGCCCGGGGGUCAUCCGCGACGCGCUAAUC
AAGGUGCAUGGUGAGACGUUCCACAUCGACCUUUUCGUCAUGCCUUUGGCAGG
UUUCAACCUCGUCCUCGGCACGCAGUGGUUGGGUACCCUCGGGCCCAUCGUC
UGGGACGUCGCUGUGCGGACUAUGCAGUUCCAGCGCGCGGGACACGCAGUC
UGCUGGACCGGCCUUGCCUCUUCUGAUAGGCCGGCCCUCUGCGCGGCCAC
GGCGACUCCGACGUCGAUGCAGCCCCAACUGGGCCGGGAGGCCCUCCUCG
ACGCCCUUCUUUACUCCCUCGGCAACGUCUUCACCGAGCCCCGCGGCCUCCC
ACCCAAGUGUACCCGUGACCACUGCAUCACCCUCAAGCCGGGAGCGCUGCCG
AUGGCGGCCCGUCCGUACCGGUACCCGACAGCACACAAGGACGAGCUCGAGCGG
CAGUGCACCGCCAUGAUCGAGCAGGGCAUUGUCCGCCGCAGCGACUCGACGUU
CUCCUCACCGGUACUCCUCAUUAAGAAGCCGGACGGCUCCUGGCAUUUCUGCGU
CGACUAUAGGGCGCUGAACGCGCUCACCGUCAAGGACGCCUUCCCAAUCCUGG
UGGUGGACGAGCGGCUGGACGAGCUCCACGGCGCGAAAUUCUUCACCAAGCU
CGACAUGCGAUCGGGCUACCACCAGGUCCGGAUGCGCCCGGAGGACAUCCA
CAUGACGGCCUUCCGCACCCACGACGGCCUAUACGAGUUCCUGGUGAUGCCG
UUCGGGCUGUGCACGCCUCGGUGACGUUCCAGGCUUUGAUGAAUGAUGUG
CUGCGACCGUUUCUUUGCCGGUUUGUUCUGGUCUUCUUGACGACAUUUU
mads1 GAUCUACAGUAAGAGCUGGGGAGAACACCUUCGUCACAUCCGCGCCGUCCU
— 2764-7196 URS0002368ED6 4577 CGAAGAACUUCAGCGCCAUCAGCUGUUCCUCAAGCGCACCAAGUGUGUGUUC
NC350 — GGCGCAACGUUGAUCGGCUACCUCGGCCACGUCAUCUCCGAGGCGGGCGUC
GCCAUGGACCCGGCUAAGGUCUAGGCUAUCCGGGACUGGCCCACGCCUCGAU

CAGCAUGGGCGGUACGAGGCUUCCUCGGCCUGGCGGGCUACUACCGGAAGUU
CGUCCACCACUACCGUACCGUAGCCACGCCAUUAACAACCUUGUUGAAG

AAGGACGGGUUCUCGUGGAGCGAGAAAGUCGCAGCGGCAUUUGCAGCA
CUCAAGGACCGGUCACCUCGGCUCCCUUCCUCGCCAUGCCAUACUUCUCC
AAGCUGUUCGUCGUCGCGUGCGAUGUGUCGUCCCACGGUUUCGGUGCA
GUGAUGGUCAGGACGGCCACCCCAUCGCUUUUUUCAGUCGGGCUAUC
ACACCCCGACAUCAGGCGCUGGCGGCCUACGAACGGGAGCCCAUUGGG
CUCAUCAUGGCGGUCCGGCACUGGAGGCCAUACCUUUGGGGACGCUGGUU
CGUCGUUAAAACCGACCACUACAGCCUCAAGUACCUGCUGGAUCAGUGG
CUCGCGACGAUUCCACAACAUCACUGGGUCGACAAGCUCCUAGGCUUCG
AUUUCUCCGUCGAGUAUAAGCCCAAGUCGACCAAUGUGGUGGCAGAUG
CGCUCUCCCGCCAUGACACGCCAGACGAUGGCCGAUGGGGCUCUCCUGG
CCCUCUCAGACCCGCGCUUCGACAUCGUGGAUCGACUUCGUUAGGCGCA
GCUCACCGACUCCGCCCUCGUUGUCAUGCAUGACGAGGUGCAGGCCGGC
AUCAGGCGCGCGCCUUGGGCGGUGGUCGAUGGGAUGGUCCAGUACGUC
AGCCGACCCUACUUACCGCCAUCUUCACCGCUGCUUCAGGAGCUGCUGG
CAGUUGUGCACGCCAAAGGCCACGAGGGGUCCAGCGCACGCUGCACCG
CCUUCGACGCGACUUUCACUUUCCUAACAUGAAGCAGGUGGUCCAAG
AAUAUGUACGAGAGUGCCCUACCUGCCAGCGCCACAAGUUCGAGCAU
CUACACCCGGCCGGGCUCCUACUUCCUCUCCCGAUUCCACAGGGAGUC
UGGACGGACGUGGCGCUGGACUUCGUCGAAGCCCUGCCCCGAGUACGC
AGCAAGUUCGUCAUCUUGACAGUGGUGGACAGGUUCAGCAAGUACUUU
CACUUUAUUCCGCUGGCACACCCAUAUUUGGCGGAGUCCGUGGCUCAGG
CGUUCUUCGCGAAAAUUGUCCGCCUCCAUGGUGUGUCGUAGUCCAUGG
UGUCGGACCGCGACAUCGUGUUCACCUCCAAGUUCUGGCGGGAGCUCAU
GCGACUGAUGGGGACCAAUCUCCACAUGACAUCGGCCUUCCACCCUCAGU
CGGACGGCCAAUCCGAGUCGGCGAACAGAGU UCACCAUGUACCUGAGG
UGCCUCACGGGUGAUCGACCACGACAAUGGCUGUAGUGGCUCUCGUGGG
CAGAAUACCUCUUCAACACCACCUACCAGAGCUCCCUCCGUGACACGCCA
UUCCGGAUCGUCUACGUCUACGGACGCGAUCCUCCAUCCAUGCGAUCCUA
UGAGCGGGGGACACACGUGUUGCUGCUGUGGCCAGAACCAUGGAGGAAC
GCGAGGAGUUCCUCGCUGAUGUGUGCCAUCGUCUGGAGCAGGCCCACGU
CGUCCAGAAAAAGUAUUAUGACCAGGGACACCGCGUCGUCACAUAUCAGG
UGGGCAAGUGGGUGCUGCUCCGCCUCCGCCACCGGUCCCCUGCCUCCCUC
AACACCGACACCACCAGCAAGCUAAAGCCUAGGUUCUAUGGGCCGUACAG
AGUGCUGGAGAUCAUCAACGAGGUCGCUGUCCGCCUCAAGCUACCGGCA
CGAGCCCAUAUCCACGAUGUGUUUCAUGUGGGCGUCCUCAAGAAGUACC

ACGACACACCUCCACAAGCUACGUCGCCACUGCCCCCGCUUCACCAUGG
GGCCGUCACCUUGGAGCCAGCCCGCACCGACAACACCAAGCUCGCCCGUGGAGUGCGCCAGGUACUUA
UUCAGUGGAAGGACCAGUCCCCAGCAUCAGCGACUUGGGAGGACGUCGACACCUUCAGCGCCAAGUU
CCCCACAUUCCAGCUCGAGGACGAGUUGCCUCUCGAGGAGAGGAGAGA
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CUGGUAUCGCGAAGCCGACGAUCCUCGUCUUCUUCUCAACCACCCACAUCCACCCCA
GCAGCCACCAAUCAGCCCUCCCCACCACCCUCGCCCUCAACCUCCACCGCAUCCUCGG
GCCACGCUACCAACAUGUCCGACCCAACCAUGGUCGACCUCAUGGAGCUGAUGAGAUC
CUGGAAAACGGAGAUCACGACGGAGAUCAGGGAGAUGAAGGACGAGAUGGCCUCCAU
AAAGGCGAAGUCGGCCUCGUCAUCUGACCUGGGAGGCGGCGGUUGCAUGGAGCCUCCU
CGUGAGCAGGAUCGGCGCCCAGGUUCCAGACGUUGGACUUUCCCCGUUUCAAUGGCAA
GUCUGAUCUGAGGCUCUUUAUCAACAAAUGUGAGUCAUGUUUUCGUCAACAGCGCAC
CAUGGCCGAGGAGCGCGUUUGGAUGGCGGCCUACAACCUCAAAGGCAUCGCACAAG
AAUGGUUCAUGCAACUCUAGGAGGACGACGACACGCCGUCGUGGGGGCGAUUCAAAG
AUCUCCUUGAUCUGCGAUUCGGACCGGCGCGGCGCUCGGUGCCCCUCUUCGAGCUGA
CGGAGUGUCGACGCACCGACACCGUGGAGGAGUACUCCAACCACUUCUAGAGUCUCC
UCUUUCGCGCUGGGCGGCUCGACGAAUCCCAACGAGUCCAGCUGUUCACAGACAGUC
UGCUUCCACCUCUCAGCCACGCCGUCCGGCUCCACAGUCCGGAGACGCUGGCCGCGG
CUAUGGGAGCCUCGCCCGACAAGUGGAGUUGAUGGAACUCGACAAGCUGGCGGCGG
CCCUGGCCAAGCCGGCGCAUCGCGCGCCCCCGACCGCCCCGACACAACACCGGGCGU
UGGCAGCACCACAGGCGCCCCCGCUGCUCGCGCUAUCGGCACCGCCGGCGAAUGCUG
CACCAGCCGCGCGAGAGCGGCAACCUGGUUACCGUCUAUCCAAGGAAGAACAUGAGG
AACGCCACCGGCUCGGGCUGUGUUUCAACUGUGAUGAGGCAUACUUCCGCAGCCAC
AACUGCACCUGUCGCCGCAUCUUCUACGUCGAAGGUGUUGCGCUAGAGACAGACGA
CGAUGUCAUAGGCGCUGCUGGUCCAGCGGGGGAGCCCCCCAUCUACUCCCUACAUG
CAGUGGCCGGGGUACCUACCUUCGACACGCUGUGGGUUCGGGCGCUCCUCGGGACA
GCAGAGCUAGUCGCCCUCGACACGGGAUCGACGCACAACUUCAUAGGCGAGCGCGC
AGCGUACCGCUCCGGGCUGCACAUCCAGCCGCGCCCACGGCUCGCCGCCACUGUGE
CCAACAGGCGAGCGCAUCAUCUGCCCGGGGGUCAUCCGCGACGCGCUAAUCAAGGU
GCAUGGUGAGACGUUCCACAUCGACCUUUUCGUCAUGCCUUUGGCAGGUUUCAACC
UCGUCCUCGGCACGCAGUGGUUGGGUACCCUCGGGCCCAUCGUCUGGGACGUCGE
UGUGCGGACUAUGCAGUUCCAGCGCGCGGGACACGCAGUCUGCUGGACCGGCCUU
GCCUCUUCUGAUAGGCCGGCCCUCUGCGCGGCCACGGCGACUCCGACGUCGAUGC
AGCCCCAACUGGGCCGGGAGGCCCUCCUCGACGCCCUUCUUUACUCCCUCGGCAA
CGUCUUCACCGAGCCCCGCGGCCUCCCACCCAAGUGUACCCGUGACCACUGCAUC
ACCCUCAAGCCGGGAGCGCUGCCGAUGGCGGCCCGUCCGUACCGGUACCCGACAG
CACACAAGGACGAGCUCGAGCGGCAGUGCACCGCCAUGAUCGAGCAGGGCAUUGU
CCGCCGCAGCGACUCGACGUUCUCCUCACCGGUACUCCUCAUUAAGAAGCCGGAC
GGCUCCUGGCAUUUCUGCGUCGACUAUAGGGCGCUGAACGCGCUCACCGUCAAGGA
CGCCUUCCCAAUCCUGGUGGUGGACGAGCGGCUGGACGAGCUCCACGGCGCGAAA
UUCUUCACCAAGCUCGACAUGCGAUCGGGCUACCACCAGGUCCGGAUGCGCCCGG
AGGACAUCCACAUGACGGCCUUCCGCACCCACGACGGCCUAUACGAGUUCCUGGU
GAUGCCGUUCGGGCUGUGCACGCCUCGGUGACGUUCCAGGCUUUGAUGAAUGAU
GUGCUGCGACCGUUUCUUUGCCGGUUUGUUCUGGUCUUCUUGACGACAUUUU
GAUCUACAGUAAGAGCUGGGGAGAACACCUUCGUCACAUCCGCGCCGUCCUC
GAAGAACUUCAGCGCCAUCAGCUGUUCCUCAAGCGCACCAAGUGUGUGUUC
mads1 P39 2764-7196 URS0002368ED6 4577 GGCGCAACGUUGAUCGGCUACCUCGGCCACGUCAUCUCCGAGGCGGGCGUC

— — GCCAUGGACCCGGCUAAGGUCUAGGCUAUCCGGGACUGGCCCACGCCUCGA
UCAGCAUGGGCGGUACGAGGCUUCCUCGGCCUGGCGGGCUACUACCGGAAG
UUCGUCCACCACUACCGUACCGUAGCCACGCCAUUAACAACCUUGUUGAAG
AAGGACGGGUUCUCGUGGAGCGAGAAAGUCGCAGCGGCAUUUGCAGCACU

CAAGGACCGGUCACCUCGGCUCCCUUCCUCGCCAUGCCAUACUUCUCC
AAGCUGUUCGUCGUCGCGUGCGAUGUGUCGUCCCACGGUUUCGGUG
CAGUGAUGGUCAGGACGGCCACCCCAUCGCUUUUUUCAGUCGGGCU

AUCACACCCCGACAUCAGGCGCUGGCGGCCUACGAACGGGAGCCCAUUGGGC
UCAUCAUGGCGGUCCGGCACUGGAGGCCAUACCUUUGGGGACGCUGGUUCGU
CGUUAAAACCGACCACUACAGCCUCAAGUACCUGCUGGAUCAGUGGCUCGCGAC
GAUUCCACAACAUCACUGGGUCGACAAGCUCCUAGGCUUCGAUUUCUCCGUCG
AGUAUAAGCCCAAGUCGACCAAUGUGGUGGCAGAUGCGCUCUCCCGCCAUGACA
CGCCAGACGAUGGCCGAUGGGGCUCUCCUGGCCCUCUCAGACCCGCGCUUCGAC
AUCGUGGAUCGACUUCGUUAGGCGCAGCUCACCGACUCCGCCCUCGUUGUCAUG
CAUGACGAGGUGCAGGCCGGCAUCAGGCGCGCGCCUUGGGCGGUGGUCGAUGG
GAUGGUCCAGUACGUCAGCCGACCCUACUUACCGCCAUCUUCACCGCUGCUUCA
GGAGCUGCUGGCAGUUGUGCACGCCAAAGGCCACGAGGGGUCCAGCGCACGCU
GCACCGCCUUCGACGCGACUUUCACUUUCCUAACAUGAAGCAGGUGGUCCAAG
AAUAUGUACGAGAGUGCCCUACCUGCCAGCGCCACAAGUUCGAGCAUCUACA
CCCGGCCGGGCUCCUACUUCCUCUCCCGAUUCCACAGGGAGUCUGGACGGA
CGUGGCGCUGGACUUCGUCGAAGCCCUGCCCCGAGUACGCAGCAAGUUCGUCAUC
UUGACAGUGGUGGACAGGUUCAGCAAGUACUUUCACUUUAUUCCGCUGGCACA
CCCAUAUUUGGCGGAGUCCGUGGCUCAGGCGUUCUUCGCGAAAAUUGUCCGCC
UCCAUGGUGUGUCGUAGUCCAUGGUGUCGGACCGCGACAUCGUGUUCACCUCC
AAGUUCUGGCGGGAGCUCAUGCGACUGAUGGGGACCAAUCUCCACAUGACAU
CGGCCUUCCACCCUCAGUCGGACGGCCAAUCCGAGUCGGCGAACAGAGUCAU
CACCAUGUACCUGAGGUGCCUCACGGGUGAUCGACCACGACAAUGGCUGUA
GUGGCUCUCGUGGGCAGAAUACCUCUUCAACACCACCUACCAGAGCUCCC
UCCGUGACACGCCAUUCCGGAUCGUCUACGUCUACGGACGCGAUCCUCCA

UCCAUGCGAUCCUAUGAGCGGGGGACACACGUGUUGCUGCUGUGGCCAG
AACCAUGGAGGAACGCGAGGAGUUCCUCGCUGAUGUGUGCCAUCGUCU
GGAGCAGGCCCACGUCGUCCAGAAAAAGUAUUAUGACCAGGGACACCG
CGUCGUCACAUAUCAGGUGGGCAAGUGGGUGCUGCUCCGCCUCCGCCA
CCGGUCCCCUGCCUCCCUCAACACCGACACCACCAGCAAGCUAAAGCCU
AGGUUCUAUGGGCCGUACAGAGUGCUGGAGAUCAUCAACGAGGUCGCU
GUCCGCCUCAAGCUACCGGCACGAGCCCAUAUCCACGAUGUGUUUCAUG
UGGGCGUCCUCAAGAAGUACCACGACACACCUCCACAAGCUACGUCGCC

ACUGCCCCCGCUUCACCAUGGGGCCGUCACCUUGGAGCCAGCCCGCACCG
ACAACACCAAGCUCGCCCGUGGAGUGCGCCAGGUACUUAUUCAGUGGAAGGACCAGUCCCCAGC
AUCAGCGACUUGGGAGGACGUCGACACCUUCAGCGCCAAGUUCCCCACAUUCCAGCUCGAGGAC
GAGUUGCCUCUCGAGGAGAGGAGAGA
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ccal_IL14H

49968-56829

URSO0023EEF2C_4577

UUGGUAUCAGAGCCCGGUGCUUCAUUAGAGCCUAACCGCUCGAAGUGAUGUCGGGAGAUC
ACGCCAAGAAGGAGAUGGAGACCGGCGAAAAGCCCACUACAAGCUACGGGAGCACUUCAU
CGGAAGAGUCCCGCACCAAAAGGAGGGAGAAGAAGAAGAGCUCCUCCAACAAAGGGAAGG
AGAAGAAAUCUUCUUCUCAUCACAAAGAGAAGAAGGAAAAAUCUUCUUCCCACAAGCCG
CAUCGGAAAGGCGACAAGCACAAGAGGAUGAGGAAGGUGGUCUACUACGAGACCGACA
CUUCAUCAACAUCGACCUCCGACUCCGAUGCGCCCUCCGUCACUUCUAAGCGCCAAG
AGCGCAAGAAGUAUAGUAAGAUCCCCCUACGCUACCCUCGCAUUUCCAAACAUACACC
UUUACUUUCCGUCCCACUAGGCAAACCACCAACUUUUGAUGGUGAAGAUUACGCUAGG
UGGAGCGAUUUAAUGCGAUUUCAUCUAAUCUCGCUCCACAAAAGCAUAUGGGAUGUUG
UUGAGUUUGGUGCGCAGGUACCAUCCGUAGGGGAUGAAAACUAUGAUGAGGAUGAGG
UGGCCCAAAUCGAGCACUUCAACUCUCAAGCCACAACCAUACUCCUUGCCUCUCUAAG
CAAGGAAGAAUACAACAAAGUGCAAGGGUUGAAAAAUGCAAAGGAGAUUUGGGAUGU
GCUCAAAACUGCACACGAGGGAGAUGAGCUCACCAAGAUCACCAAGCGGGAAACGAUCG
AGGGGGAGCUCGGUCGGUUCCGACUUCAAAAAGGGGAGGAGCCACAACACAUGUACAA
CCGGCUCAAGACUUUGGUGAACCAAGUGCGCAACCUCGGGAGCAAGAAGUGGGAUGA
CCACGAAGUGGUAAAUGUUAUUUUAAGAUCUCUCAUUUUUCUUAAUCCCACUCAAGUU
CAAUUGAUUCGUGGUAAUCCUAGAUAUACUAAAAUGACCCCCGAGGAAGUUAUCGGGC
AUUUUGUAAGUUUUGAGUGCAUGAUAGAAGGCUCGAGGAAAAUCAACGAGCUUGGCG
ACUCAUCCGAAGCCCAACCCGUUGCAUUCAAGGCAACGGAGGAGAAGAAGGAGGAGG
CUACACCAAGUCGACAACCAAUCGACGCCUCCAAGCUCGACAAUGAGGAAAUGGCGCU
CGUCAUCAAGAGCUUCCGUCAAAUCCUCAAACAAAGGAGGGGGAAAGACUACAAGUCCC
GCUCCAAGAAGGUUUGCUACAAGUGUGGUAAGCCCGGUCAUUUUAUUGCUAAAUGUCC
UAUAUCUAGUGACAGUGACCGAGGUGACGACAAGAAGGGGAGACGAAAGGAAAAGAAG
AGGUAUUAUAAGAAGAAGGGCGGCGAUGCCCAUGUUUGUCGCGAGUGGGACUCCGACG
AGAGCUCAAGCGACUCCUCCGACGACGAGGACGCCGCCAACAUCGCCGUCACCAAGGG
ACUCCUCUUCCCCAACGUCGGCCACAAGUGCCUCAUGGCAAAGGACGGCAAAAAGAAGG
UUAAAUCUAAAUCCUCCACUAAAUAUGAAUCCUCUAGUGAUGACAAUGCUAGUGAUGA
GGAAGAUAAUUUGCGUUCCCUUUUUGCCAACCUUAACAUAGCUCAAAAAGAAAAGUU
AAAUGAAUUGGUUAGUGCUAUUCAUGAAAAGGAUGACCUUUUGGAUUCCCAAGAGG
AUUGUCUAAUUAAAGAAAACAAAAAACAUGUUAAGGUUAAAAAGGCUUAUGCUCUA
GAAGUAGAAAAAUGUGAAAAAUUAUCUAGUGAGCUAAGCACUUGCCGUGAGAUGAUU
GACAACCUUAGGAAUGAAAAUGCUAUUUUAAAUGCUAAGGUUGAUUCUCAUGUUUAU
AAUGUUUCAAUUCCCAAUCCUAGAGAUAAUAAUGAUGAUUUGCUUGCUAGGAUUGAA
GAAUUAAACAUUUCCCUUGCUAGCCUUAGAUUAGAGAAUGAAAGUUUGAUUGCUAAGG
CUAAAGAUUUUGAUGUUUGCAAAGUUACCAUUGCCAAUCUUAGAGAUAAAAAUGAUA
UUCUUCAUGCUAAGAUUGUUGAACUUAAUUCUUGCAAACCAUCUACAUCUAUUGUUGA
GCAUGUAUCUAUUUGUACUAGAUGUAGAAAUGUUGAUAUUGAUGCUAUUCAUGAUCAU
AUGGCUUUAAUUAAACAACAAAAUGAUCAUAUAGCAAAACUAGAUGCUAAAAUUGCCG
AGCAUAACUUAGAAAAUGAAAAAUUUAAAUUUGCUCGUAGCAUGCUUUAUAAUGGGAGA
CGCCCUGGCAUCAAGGAUGGCAUUGGCUUCCAAAGGGGAGACAAUGUCAAACUUAAUGCCCCU
CCUAAGAACUUGUCUAACUUUGUUAAGGGCAAAGCUCCCAUGCCUCAGGAUAACGAGGGUUAC
AUUUUAUACCCUGCCGGCUAUCCUGAGAGCAAAAUUAGGAAGAUUCAUUCUAGGAAGUCUCA
CUCUGGCCCUAAUCAUGCUUUUAUGUAUAAGGGUGAGACAUCUAGUUCUAGGCAACCAACCC
AUGCUAAGUUGCCUAAGAAGAAAAUUCCUAAUGCAUCAAAUGAUCAUGCCAUUUCAUUUA
AAACUUUUGAUGCAUCUUAUGUGCUUACUAGCAAAUCCGGCAAGGUAGUUGCCAAAUUUG
UUGGGGGCAAACACAAGGGUUCCAAGACUUGUGUUUGGGUACCCAAAGUUCUUGUCUCU
AAUGCCAAAGGACCCAAAACCGUUUGGGUACCUAAAGUCAAGAACUAAAAUUGUUUUGU
AGGUUUAUGCAUCCGGGGGCUCAAGUUGGAUACUCGAUAGCGGGUGCACAAACCACAUGA
CAGGGGAGAAAAGGAUGUUCUCCUCAUAUGAGAAAAACCAAGAUCCCCAACGAGCUAUCA
CAUUCGGGGAUGGAAAUCAAGGUUUGGUCAAAGGUCUUGGAAAAAUUGCUAUAUCUCCU
GACCAUUCCAUUUCCAAUGUUUUUCUUGUAGAUUCCUUAGAUUACAACUUGCUUUCCG
UUUCUCAAUUAUGUCAAAUGGGCUACAACUGUCUAUUCACUGAUGUUGGUGUCACUGU
CUUUAGAAGAAGUGAUGAUUCAAUAGCAUUUAAGGGAGUGUUAGAGGGUCAGCUAUAC
UUGGUAGAUUUUGAUAGAGCUGAACUCGACACUUGCUUAAUUGCUAAGACUAACAUGGG
UUGGCUCUGGCACCGCCGACUAGCCCAUGUUGGGAUGAAGAAUCUUCAUAAGCUUCU
AAAGGGAGAGCACAUUUUAGGAUUAACAAAUGUUCAUUUUGAGAAAGACAGGAUUUGUAGCGCAUGCCA
GGCGGGAAAGCAAGUUGGAGUCCAUCAUCCACACAAGAACAUCAUGACGACCGACAGGCCGCUUGAGC
UACUCCACAUGGAUCUAUUCGGCCCGAUUGCUUACAUAAGCAUCGGCGGGAGUAAGUAUUGUC
UUGUUAUUGUGGAUGAUUAUUCUCGCUUCACUUGGGUAUUCUUUUUGCAGGAAAAAUCUCAAA
CCCAAGAGACCCUAAAGGGAUUCUUGAGACGGGCUCAAAAUGAGUUCGGCUUGAGGAUCAAG
AAAAUUAGAAGCGACAACGGGACGGAGUUCAAGAACUCUCAAAUUGAAGGCUUCCUUGAGGA
GGAGGGCAUCAAGCAUGAGUUCUCUUCUCCCUACACUCCACAACAAAAUGGUGUAGUGGAGAGG
AAGAAUCGAACUCUAUUGGACAUGGCAAGAACCAUGCUUGAUGAGUACAAGACACCGGACCGG
UUUUGGGCCGAAGCGGUCAACACCGCCUGCUACGCCAUCAACCGGUUAUAUCUUCACCGAAUCC
UCAAGAAGACAUCGUAUGAACUCCUAACCGGUAAAAAGCCCAACAUUUCAUAUUUUAGAGUUUUU
GGUAGCAAAUGCUUCAUUCUUAUUAAAAGAGGUAGAAAAUCUAAAUUUGCUCCUAAAACUGUAGAA
GGUUUUUUACUUGGUUAUGACUCAAACACAAGGGCAUAUAGGGUCUUUAACAAGUCCACUGG
ACUAGUUGAAGUCUCUUGUGACGUUGUGUUUGAUGAAACUAACGGCUCUCAAGUAGAGCAA
GUUGAUCUUGAUGAGAUAGGUGAAGAACAGGCUCCAUGCAUCGCGCUAAGGAACAUGUCCA
UCGGGGAUGUGUGUCCUAAGGAAUCCGAAGAGCCUCCAAGUACACAAGAUCAACCAUCCUC
CUCCAUGCAAGCAUCUCCACCAACUCAAAAUGAGGAUGAGGCUCAAAAUGAUGAAGAG
CAAAAUCAAGAAGACGAGCCACCUCAAGAUGAUAGCAAUGAUCAAGGGGGAGAUACAAAU
GAUCAAGAAAAGGAGGAUGAGGAAGAACCAAGACCGCCACACCCAAGAGUCCACCAAGCAA
UCCAACGAGAUCACCCCGUCGACACCAUCCUCGGCGACAUUCAUAAGGGGGUAACUACUCGA
UCUCGGGUUGCUCAUUUUUGUGAACAUUACUCUUUUGUUUCCUCUAUUGAGCCACACAGGGU
AGAGGAAGCUCUCCAAGAUUCGGAUUGGGUGGUGGCGAUGCAAGAGGAGCUCAACAAUUUC
ACGAGGAAUGAGGUCUGGCAUUUAGUUCCACGUCCUAACCAAAAUGUUGUAGGAACCAAAU
GGGUCUUCCGCAACAAGCAAGAUGAGCAUGGUGUGGUGACAAGGAACAAAGCUCGACUCGU
GGCCAAAGGGUAUUCACAAGUCGAAGGUUUGGAUUUUGGUGAAACCUAUGCACCCGUAGCU
AGGCUUGAGUCAAUUCGCAUAUUAUUGGCCUAUGCUACUUACCAUGGCUUUAAGCUCUAUC
AAAUGGACGUGAAAAGUGCCUUUCUCAACGGACCAAUCAAGGAAGAGGUCUAUGUUGAGC
AACCUCCCGGCUUUGAAGACAGUGAGUAUCCUAAUCAUGUCUAUAGGCUCUCUAAGGCGC
UUUAUGGGCUCAAGCAAGCCCCAAGAGCAUGGUAUGAAUGCCUUAGAGAUUUCCUUAUUG
CUAAUGGCUUCAAAGUCGGCAAGGCCGAUCCUACACUCUUUACUAAAACUCUUGAAAAUGA
CUUGUUUGUAUGCCAAAUUUAUGUUGAUGAUAUUAUAUUUGGGUCUACUAACGAGUCUAC
AUGUGAAGAGUUUAGUAGGAUCAUGACACAGAAAUUCGAGAUGUCGAUGAUGGGGGAGUU
GAAGUAUUUUCUAGGAUUCCAAGUCAAGCAACUCCAAGAGGGCACCUUCAUUUGCCAAA
CGAAGUACACUCAAGACAUUCUAACCAAGUUUGGGAUGAAGGAUGCCAAACCCAUCAAGACACCCA
UGGGAACUAAUGGGCAUCUCGACCUCGACACGGGAGGUAAGUCCGUGGAUCAAAAGGUAUACC
GGUCGAUGAUUGGUUCAUUGCUUUAUUUAUGUGCAUCUCGACCGGACAUUAUGCUUUCU
GUUUGCAUAUGUGCAAGAUUCCAAUCCGACCCUAAGGAAUCACACCUUACGGCCGUAAAA
CGAAUCUUGAGAUAUUUGGCUUAUACACCUAAGUUUGGGCUUUGGUACCCUCGGGGAUCC
ACAUUUGAUUUACUUGGUUAUUCGGAUGCCGAUUGGGCGGGGUGCAAAAUCAAUAGGAAG
AGCACAUCGGGGACUUGCCAGUUCUUGGGAAGAUCCUUGGUGUCUUGGGCUUCAAAGAAG
CAAAAUUCGGUCGCUCUUUCCACCGCCGAAGCCGAGUACAUUGCCGCAGGACAUUGUUGCG
CGCAAUUGCUUUGGAUGAGGCAAACCCUGCGGGACUACGGUUACAAAUUAACCAAAGUCCC
UUUGCUAUGUGAUAAUGAGAGUGCAAUUAAAAUGGCCGACAAUCCCGUCGAGCAUAGCCGC
ACUAAGCACAUAGCAAUUCGGUAUCAUUUUCUUAGGGAUCACCAACAAAAGGGGGAUAUCG
AGAUUUCUUACAUUAAUACUAAAGAUCAAUUAGCCGAUAUCUUUACCAAGCCACUUGAUG
AACAAUCUUUUACCAGACUUAGGCAUGAGCUCAAUAUUCUUGAUUCUAGAAAUUUCUUUUG
CUAGCUUGCACACAUAGCUCAUUUAAAUACCUUUGAUCAUAUCUCUUUUAUAUGCUAUGAC
UAAUGUGUUUUCAAGUCGAUUUCAAACCAAGUCAUAGGUAUAUUGAAAGGAAAUUGGAGU
CUUCGGCGAAGACAAAGGCUUCCACUCCGUAACUCAUGCUUCGCCAUCACUCCGAGCAACU
CUCUCGUCUUUGGGGGAGAAAUGAGCAUCAAGGAAAAGGACUUCAUCCUUGGGGGAGAGAGUAAAA
GCUCAAACGCAAAAGGACUUCGUCUUUGGUAUAAUCUUAACUCAUUUAUUUAUGACCAAAGGGG
AAGAUUGCACUUAAAGGGCUCUAAUGAUUCCGUUUUUGGCGAUUCAUGCCAAAAAGGGGGAG
AAAUGAGCCCAAAGCAAAAAGGACCGCACCACCACCAAUUUCAAAAACUUAGUGUUGAAUAUUUU
CAAUUGGUUUUCCUAUUGUGUUCAAAAAGGGGAGAAAGUAGUAUUUCAAAAGUAUAUAUCAAAACCCU
CUUGAACACUAAGAGGAGGAUUUUAUUUAGGGGGAGUUUUGUUUAGUCAAAGGAAAAGCAUUUG
AAACAAGGGGAGAAAAUUUCAAAUCUUGAAAAUGCUUAUCAAAAUCUUAUUCAUUUACCUUUGA
CUAUUUGCAAAAGAACUUUGAAAAGGAUUUACAAAAUAGUUUGCAAAAACAAAACUCGUGGU
GCAAGCGUGGUCCAAAAUGUUAAAUAAGAAAGAAACAAUCCAUGCAUAUCUUGUAAGUAUUUAU
AUUGGCUAAAUUCCAAGCAACCUUUACACUUACAUUAUGCAAACUAGUUCAAUUAUGCACUUCUAUAUUU
GCUUUGGUUUGUGUUGGCAUCAAUCACCAAAAAGGGGGAGA
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CCUCACCUCCCAACCCCGCCUAGUCGCCUCACCUCCCCGCCCAUCACUCCACCAGC
CCUUCGCCGGCUUCCAUCCCAAUUCUGGCGACCACCCCUCCAUCUCCCACACCU
ACGGCGGCUCGACUCAACCUAUCCCUGCGCUCGGUCUCCGAGGAAGGAUGGUC
CAAGGCACAACGAUGGAGUGAGGACUCCUCGGCUAGAGAAUCCUUUCCACCUC
CACGUUCCUUUAAAGAGGUUGUCCUCUCCAUUCCAAGAUACACUGCAAGACCC
UCUCCUCCAGCAUGUCGUGAUCCUCCUCCCCAUUUCGUGUUUGUGUCUGGUG
CCAUCUUUAAGAUACCAUACCGGCUGACUAACGUUGGACGGUCGACAAUAGAU
GACGACUGGCAGCUGGUUGUGCGUAGAAAGAGAGCUCGUGGUGUGCAUUUUC
CUCAUCAAGGAUCCCAAGUGGAUCUCUGAGGCUGGUGCUACAACUGCCUCUCU
GCCUCCCAUUUUGUGGCCUCCUGUCGGCAGCCUACUUGGUGUCAAUGGUGC
UUUUGUUUUGGUCAUCUAGCGGCAAAGUGCACCUCCCUCCCGGAGGGUGCAAA
GAAGCAGGUGGUGUGGCAACGUUUGAACAACAUCGAGGAGUGCCCCCAGUGAGG
CAGAGGGUCUCCGGGAAGUCUUCGGUGUGGCAGAGAAUCUCCGCGCGGCCUCCG
GUGUGGCAGAGACUCUCCAACAUGGACAUGGAUUGUUCUCCAGUGGGUAGGU
AUCAGGAACCACCCCGCCAUAAGAUAUCAGUAUGGAAGCACCUUGCUGCAUCGC
AUGAUCAGGCAACGUUGGAGGCAAACACGGAGGAAGACAAGAAGAUGUGUUC

UCGGCCCAUGCAGAAAAAGGUGUUCCAAGCACGGGAAAGGUACAACUGAGC
Cct1zk_B73 1847_3665 LJRSO(K)23F3BF¥X_4577 AGGAUUUGGGUUCCAUUCAGGCAAACCCAUCUUCUCUCCCCCAUGUAGAUA
GUUUCAGCUCUAAGGUGACUAGACCAUCCUCAUCCUCCUCUUGUGUUCUAGA
CUUCUCUGAAGCCUUUGCAAGGGAGGAAAUUGCCCUUCGUCGUGCUCUGUU
CGUCAAUGUGGUUGGUACACAACCUAGGGUUUCUAGCUCUGAUGUGUUAAAU
GAGGUGAGGCAUCAUUUUGGUAUUAAGCUGGAGGACAUGAAGAUUCAUCAGA
CCAUUCCUAAUGACUUUCUGCUAUUUCUACAGGAUGAAGACACGACAACCAAGG
UUAUCAAUGAAGGAAGCCUCUGAGGGGACCCCAUUUAACUUUGAUGCUCAAGAG
AUGGUCAGAUUUGCUCAUGCAUCUUCAUCAUCGAUGGCCGAGUUGGUUGAUGUU
AAAUUAACAGGCAUCCCUGAACAUGCCUGGUGUCGAUCUACAGCUAAACACUUG
CUCAGGGACUCAUGUUGGGUUGAUGAAUUGCAUUUAGAUACUAUGGAAAAAAG
GCCUUUUCAUCCUUUGUGGUAAAAGCAUGGUGUUUUAAUCCUAAAAAGCUUGU
UAGGAAAAUGGAUUUACACAUCUUGGAGGCUAUGAUUGAUGAUCAUGAAAAGA
GAUUUUUAUCCUAUAAGAUCUCCAUUGGUCUCCUUCCACCGAAGACCCUACAU
CUGUCAUCGGCUGUCCCACCACCACCUCCUCCUCCAUCGCCGUCGGGCAGGG
AACCUGAUGAUGAUGACCCUGAUGAUCAAGACCCCCAGCAACGACGGUGAUACUCUGACGAUCUGCGGCGG
CCUAUCCAGCUGCGUUUGGGCCCAAGCCUACCUUUAGGCCAUGCACAUGCAAUGAAUGUGCCUGGGGCACC
(CCAGUAGUUGAGGAGACAACUGGGGGGCACUAGGUGUAG
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Supplementary Figure 1. Idiograms of the pseudochromosomes of the B73 NAM line. The pair
numbers are followed by the names of the genes related to the flowering time pathway that each
pair carries. Asterisks (*) mark the position of each gene.
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Supplementary Figure 2. Idiograms of the pseudochromosomes of the NAM lines (CML247, CML52,
NC350, M37W, IL14H and P39). Pair numbers are followed by the names of the genes related to the flower-
ing time pathway that they carry. Asterisks (¥) mark the position of each gene. The pseudochromosomes are
centered according to the concentration of CentC arrays. Note that the late flowering lines accumulate more
K180 than the others. However, the distribution of the blocks was more variable in TR-1. Note also that the
K180 on chromosome 9 (studied by Carvalho et al. 2022) is close to the mads1 gene.
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Supplementary Figure 3. Relative amount of K180 (A) and TR-1 (B) monomers in each pseudochromo-
some of NAM lineages. The X-axis represents the chromosomes, and the Y-axis represents the relative amount

in percentage (%).
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Supplementary Figure 4. Genomic structure of the ccal, cct, cct14, cct43, d8, dif1, Ihy1, and mads1 genes in
seven genomes of NAM maize. Each block (A-H) represents a gene and shows the distribution of exons (ma-
genta) and transposable elements (blue). Scales vary between panels and are indicated in kilobases (kb) or
base pairs (bp), as appropriate. Analyses revealed significant variation among genotypes B73, CML52, CM247,
IL14H, M37W, NC350, and P39, particularly with regard to gene length, number of exons/introns, and TE pres-
ence. Genes such as cct14, cct43, and ccal exhibited greater structural complexity, whereas genes such as d§,
dif1, and Ihy1 exhibited smaller structures with fewer TE insertions.
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Supplementary Figure 5. Genomic structure of the mads3, pebp8, phyC2, rap2, zfl1, and zfl2 genes in seven
maize genomes. Each block (A-F) show the structural organization of these genes in the following geno-
types: B73, CML52, CM247, IL04H, M37W, NC350, and P39. Exons are represented in magenta and TEs in
blue. The scale of each panel is presented in kilobases (kb) or base pairs (bp). Analyses reveal wide variation
among genotypes, including differences in gene size, the number and position of exons and introns, and TE
insertion. Genes such as rap2 and mads3 exhibited greater structural complexity, whereas pebp8, zfl1, and zfl2
were more conserved and compact. Despite belonging to the same family, zfl7 and zfl2 exhibited distinct pat-
terns of exon and TE distribution.



Juliana Machado da Silva, Rafaela Rodrigues Pinheiro, Lucas Johnen, Livia do Vale Martins,
Josué Maldonado Ferreira, Mateus Mondin, André Luis Laforga Vanzela

0

B73 140000 bp

Chri_d8 | ||

Chr2_cctl4

Chr2_zfi2

NN
LT T
awsomez | ||| (|1

CheT_di1 l ” | | | |”||
s || ] [LIE
vz 11 W[ |

Chrt_pebps | |
Chig_mads1 || |

1l

Chr10_zA1 | |

Chrd_ccal

INTERMEDIATE

Chrd_mads3

Chr10_ect1

AL |
JHUTLURLIRRITIRES RS B

|IIIII|[IIII|
Bl

i
FL T

L
R .

FECIE T |
N A,
[

e wu o

1
LI
|
N
1aN

I

Supplementary Figure 6. Abundance of Copia and Gypsy retrotransposons in the flanking regions (50,000
bp upstream and downstream) of the 14 flowering time related inbred line NAM B73 genes. The chromosome
number is shown on the left, followed by the analyzed gene. The gray shaded region corresponds to the an-
notated gene region from MaizeGDB. The two blue bars in the analyzed gene regions indicate the start and
end of each gene.

REFERENCES FOR THE SUPPLEMENTARY MATERIAL

Best, N. B, & Dilkes, B. P. (2022). Transcriptional
responses to gibberellin in the maize tassel
and control by DELLA domain proteins. The
Plant Journal, 112(2), 493-517. https://doi.
org/10.1111/tpj.15961

Bombilies, K., Wang, R. L., Ambrose, B. A., Schmidt,
R. J, Meeley, R. B, & Doebley, J. (2003).
Duplicate FLORICAULA/LEAFY homologs zfl1
and zfl2 control inflorescence architecture
and flower patterning in maize. Development,
130(11), 2385-2395. https://doi.org/10.1242/
dev.00457

Dong, M.Y.,, Lei, L., Fan, X.W., &Li, Y. Z.(2021). Analyses
of open-access multi-omics data sets reveal
genetic and expression characteristics of
maize ZMCCT family genes. AoB PLANTS, 13(4),
plab048. https://doi.org/10.1093/aobpla/
plab048

Dwivedi, S. L., Quiroz, L. F, Spillane, C., Wu, R., Mattoo,
A. K, & Ortiz, R. (2024). Unlocking allelic
variation in circadian clock genes to develop
environmentally robust and productive crops.
Planta, 259(3), 72. https://doi.org/10.1007/
s00425-023-04324-8

Franklin, K. A., Davis, S. J., Stoddart, W. M., Vierstra, R.
D., & Whitelam, G. C. (2003). Mutant analyses
define multiple roles for phytochrome C in
Arabidopsis photomorphogenesis. The Plant
Cell, 15(9), 1981-1989. https://doi.org/10.1105/

tpc.015164
Heuer, S., Hansen, S., Bantin, J., Brettschneider, R,

Kranz, E., Lorz, H., & Dresselhaus, T. (2001).
The maize MADS box gene ZmMADS3 affects
node number and spikelet development
and is co-expressed with ZmMADS1 during
flower development, in egg cells, and early
embryogenesis. Plant Physiology, 127(1), 33—
45, https://doi.org/10.1104/pp.127.1.33
Hung, H., Shannon, L. M., Tian, F,, Bradbury, P. J., Chen,
C., Flint-Garcia, S. A,, McMullen, M. D., Ware, D.,
Buckler,E.S.,Doebley, J.F.,&Holland, J.B.(2012).
ZmCCT and the genetic basis of day-length
adaptation underlying the postdomestication
spread of maize. Proceedings of the National
Academy of Sciences, 109(28), E1913-E1921.
https://doi.org/10.1073/pnas.1203189109
F, Wang, B, Wang, H., & Zou, J. (2024).
Breeding maize of ideal plant architecture
for high-density planting tolerance through
modulating shade avoidance response and
beyond. Journal of Integrative Plant Biology,
66(5), 849-864. https://doi.org/10.1111/
jipb.13603
Monte, E., Alonso, J. M., Ecker, J. R., Zhang, Y., Li, X,,
Young, J., Austin-Phillips, S., & Quail, P. H.
(2003). Isolation and characterization of phyC
mutants in Arabidopsis reveals complex
crosstalk between phytochrome signaling

Jafari,




SUPPLEMENTARY MATERIAL - INSIGHTS INTO THE RELATIONSHIPS BETWEEN THE DISTRIBUTION
OF REPETITIVE DNA SEQUENCES AND THE FLOWERING TIME OF MAIZE

pathways. The Plant Cell, 15(9), 1962-1980.
https://doi.org/10.1105/tpc.012971

Muszynski, M. G., Dam, T,, Li, B., Shirbroun, D. M., Hou,

Z., Bruggemann, E. Archibald, R., Ananiey,
E. V., & Danilevskaya, O. N. (2006). delayed
flowering1 Encodes a Basic Leucine Zipper
Protein That Mediates Floral Inductive Signals
at the Shoot Apex in Maize. Plant Physiology,
142(4), 1523-1536. https://doi.org/10.1104/
pp.106.088815

Salvi, S., Sponza, G., Morgante, M., Tomes, D., Niu,

X., Fengler, K. A, Meeley, R., Ananiey, E. V.,
Svitashey, S., Bruggemann, E., Li, B., Hainey,
C. F, Radovic, S., Sakul, G., Bhat, D., Suri, S.,
Simmons, C.R., Kamps, T. L., Lutz, K. A., & Cigan,
A. M. (2007). Conserved noncoding genomic
sequences associated with a flowering-time
quantitative trait locus in maize. Proceedings
of the National Academy of Sciences, 104(27),

11376-11381.
pnas.0704145104

https://doi.org/10.1073/

Shen, X., Xiao, B., Kaderbek, T., Lin, Z., Tan, K., Wu,

Q., Yuan, L, Lai, J, Zhao, H., & Song, W.
(2023). Dynamic transcriptome landscape of
developing maize ear. The Plant Journal, 116(6),
1856-1870. https://doi.org/10.1111/tpj.16457

Su, H., Cao, L., Ren, Z,, Sun, W., Zhu, B., Ma, S., Sun,

C., Zhang, D., Liy, Z,, Zeng, H., Wang, Y., Li, Y.,
Zhang, X., & Chen, Y. (2024). ZmELF6-ZmPRR37
module regulates maize flowering and salt
response. Plant Biotechnology Journal, 22(4),
929-945. https://doi.org/10.1111/pbi.14236

Wang, X., Wu, L., Zhang, S., Wu, L., Ku, L., Wei, X., Xie,

L., & Chen, Y. (2011). Robust expression and
association of ZmCCA1 with circadian rhythms
in maize. Plant Cell Reports, 30(7), 1261-1272.
https://doi.org/10.1007/s00299-011-1036-8

Journal of Agriculture and Plant Sciences,
JAPS, Vol. 24, No. 1, Supplementary material, pp. 127-145



