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Summary Statement 

A FLO9 allele promotes self-assembly of GFP-tagged aldehyde dehydrogenase 

(Ald4p), suggesting a novel role in regulating the polymerization of Ald4p. 

 

ABSTRACT 

 As part of our studies of yeast aldehyde dehydrogenase (Ald4p) assembly, we 

identified a population of transformants (SWORD strain) that show more robust filament 

formation of GFP-tagged Ald4p (Ald4p-GFP) than a wild type ALD4::GFP strain. 

Sequencing of the ALD4 gene in the SWORD strain showed that the increased 

assembly was not due to changes to the ALD4 coding sequence, suggesting that a 

second site mutation was altering Ald4p assembly. Using short-read whole genome 

sequencing (WGS), we identified spontaneous mutations in FLO9. Introduction of the 

SWORD allele of FLO9 into a wild type ALD4::GFP yeast strain revealed that the 

changes to FLO9 were a contributor to the increased length of Ald4p-GFP filaments we 
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observe in the SWORD strain and that this effect was not due to an increase in Ald4p 

protein levels. However, the expression of the FLO9 (SWORD) allele in wild type yeast 

did not fully recapitulate the length control defect we observe in SWORD strains arguing 

that there are additional genes contributing to the filament length phenotype. For our 

future work, this FLO9 from SWORD will be tested whether it could show global effect, 

promoting the assembly of some other filament-forming enzymes. 

 

INTRODUCTION 

 Aldehyde dehydrogenase increases cellular resistances to metabolic/chemical 

stress by catalyzing the conversion of aldehydes (e.g. acetaldehyde) into non-toxic 

products (e.g. acetate). Saccharomyces cerevisiae and most other organisms express 

both cytosolic and mitochondrial isoforms of aldehyde hydrogenases allowing the cell to 

tune its response to the stress (Wang et al., 1998, Aranda and del Olmo Ml, 2003, 

Navarro-Avino et al., 1999). Recently, a mitochondrial aldehyde dehydrogenase Ald4p 

was found to form high-order structures in yeast cells (Misonou et al., 2014, Noree, 

2018, Noree et al., 2019a). Removal of its mitochondrial targeting sequence (MTS) 

allows Ald4p to polymerize into very long filaments in the cytoplasm of yeast cells. 

Furthermore, the ability of this retargeted Ald4p to form filaments is regulated by the 

availability of nutrients in the culture medium (Noree, 2018, Noree and 

Sirinonthanawech, 2020). These studies suggest that Ald4p filament assembly and 

enzyme activity are tightly coordinated (Noree and Sirinonthanawech, 2020). 

In our previous structure-function studies of the relationship of Ald4p enzyme 

activity to Ald4p filament assembly (Noree and Sirinonthanawech, 2020), we 

observed a set of spontaneous clones (named “SWORD” clones/strains) that have very 

long Ald4p-GFP filaments. Since these clones resulted from our studies of Ald4p 

mutations, we assumed that we had unexpectedly generated novel ALD4 mutations that 

increased filament assembly. However, sequencing of the coding sequence of 

chromosomal ALD4 in these SWORD clones showed that the amino acid sequence of 

Ald4p was unaltered. This suggested that the SWORD clones had spontaneously 

acquired second site mutations in genes that regulate Ald4p assembly. In order to 
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identify such genes, we analyzed the genomic DNA samples of three SWORD clones 

and the original ALD4::GFP strain by short-read WGS. Analysis of the WGS data 

showed that the flocculation gene, FLO9 (Goossens et al., 2015), had very high 

structure variations. In this report, we test whether FLO9 derived from a SWORD clone 

can stimulate the assembly of Ald4p-GFP in yeast cells. Our work has revealed an 

interesting finding about FLO9 that might be applied to the manipulation of Ald4p 

assembly and activity control. 

 

RESULTS AND DISCUSSION 

The increased length of Ald4p-GFP filaments in SWORD clones is not due to 

increased protein expression of Ald4p. 

 One common way to increase filament length is to increase expression of the 

filament-forming protein. In order to test if the increased length of Ald4p-GFP filaments 

in SWORD clones is due to increased expression of Ald4p-GFP, we analyzed Ald4p-

GFP protein levels in SWORD and wild type strains by Western blot analysis using the 

protein samples extracted from the yeast cells cultured to log-phase, saturation (1-day 

cultures), and stationary phase (5-day cultures). After normalization with the loading 

control (alpha tubulin), we found that the Ald4p-GFP levels in SWORD clones were less 

than those of the reference clones (0.94-, 0.57-, and 0.47-fold for the cells grown to log-

phase, saturation, and stationary phase, respectively) (Fig. 1, Fig. S1-S3, Table S2). 

This result argues that the increase in filament length is not a secondary effect of 

increasing Ald4p-GFP expression and that it might be due to altered regulation of 

filament assembly. Thus, the changes in the SWORD strains are more similar to 

previously studied mutations in other filament-forming enzymes that increase filament 

formation without increasing protein levels (Noree et al., 2014, Noree, 2018). This 

result is also consistent with altered sensitivity to the physiological, physicochemical, 

and metabolic states within the cells as well as environmental stimuli that regulate 

filament formation (Narayanaswamy et al., 2009, Noree et al., 2019a, Hansen et al., 

2021, Petrovska et al., 2014, Noree et al., 2010, Aughey and Liu, 2015, Barry et al., 

2014).  
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Whole genome sequencing suggested that FLO9 might be responsible for robust 

assembly of yeast aldehyde dehydrogenase Ald4p. 

 Since the SWORD clones had no changes in the ALD4 gene, the SWORD 

phenotype was most likely due to spontaneous changes in genes that regulate Ald4p 

assembly. To identify these candidate regulatory genes, we performed short-read WGS 

on genomic DNA samples from SWORD and reference ALD4::GFP yeast strains. WGS 

bioinformatic analysis identified FLO9 as one of the genes showing high structure 

variations (Fig. 2A). Moreover, analysis of 3 different SWORD clones found that FLO9 

was the only gene initially identified to have single nucleotide polymorphism (SNP) that 

was shared by all three clones. This SNP cause a 2 amino acid changes, Asn374Thr 

and Ser375Gly, in the FLO9 coding sequence. While this finding led us to explore the 

role of FLO9 in regulating filament length, our subsequent resequencing of FLO9 in wild 

type and SWORD clones reveled that this SNP was shared by both SWORD clones and 

wild type stains and that it was a false positive SNP.  

Typically, FLO9 (3,969 nucleotides) codes for a cell wall protein “flocculin” 

(Flo9p, 1322 amino acids, about 138 kDa) which is responsible for reversible cell-to-cell 

adhesion and aggregation, so-called “flocculation” (Verstrepen et al., 2003, Goossens 

et al., 2015). In this report, we would like to test if FLO9 could have an impact on the 

assembly of yeast Ald4p (Fig. 3). 

 

Replacing the original FLO9 with its counterpart derived from a SWORD clone 

can make the Ald4p-GFP structures longer. 

 Motivated by our SNP analysis, we made a new yeast construct by introducing 

the DNA cassette of FLO9, amplified from genomic DNA sample of a SWORD clone, 

along with hygromycin resistance gene into the genome of a reference ALD4::GFP 

clone. Initially, we focused on subcloning FLO9 from SWORD strains into the plasmid 

pFA6a-hphMX6. However, we could not generate recombinant plasmid with a full-length 

FLO9 since the sequence in the middle of the gene, where tandem repeats are located, 

always disappeared during the bacterial transformation process. A previous report has 
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demonstrated that these repeats, often found in the genes coding for cell wall proteins, 

can trigger recombinantion events within the gene itself or with any pseudogene 

(Verstrepen et al., 2005), thus the number of repeats and disordered regions within 

FLO genes could be varied between different strains of S. cerevisiae. Consistent with 

our finding, the nucleotide and amino acid sequences of S. cerevisiae S288C and 

BY4741 (a direct descendent of S288C and being used as the background strain to 

create all yeast constructs in this study and also our previous studies) are different 

(92.9% identical for their nucleotide sequences and 93% identical for their amino acid 

sequences), especially in the repeats and disordered regions (Fig. 2B, Fig. S4-S5). 

After several attempts and failures, we just decided to use the ligation reaction between 

pFA6a-hphMX6 and FLO9 insert (derived from SWORD) directly as template DNA for 

PCR, and we could successfully prepare the DNA cassette of FLO9 (from SWORD) and 

hygromycin resistance gene. This DNA cassette was transformed into yeast ALD4::GFP 

reference clone in order to investigate if the FLO9 (from SWORD) could have an impact 

on Ald4p-GFP assembly. 

 After strain verification by PCR and DNA sequencing, a few different clones of 

the new yeast construct were subjected to live-cell imaging, along with SWORD (as 

positive control), and reference ALD4::GFP (as negative control) (Fig. 3). In this study, 

the way we prepared the yeast samples for imaging was different from our previous 

studies with other filament-forming enzymes. Similar to a recent study (Krzek et al., 

2022), we noticed that the filament length of Ald4p-GFP is sensitive to shaking 

conditions (unpublished data). In order to circumvent this problem, we scraped the cells 

directly from the agar plate, resuspended them in 1xPBS, prepared a wet slide, and 

imaged the filaments by fluroescence microcscopy (the whole process was limited to 30 

min for each prep). 

 Our analysis found that the average length of Ald4p-GFP structures in the new 

yeast construct (reference ALD4::GFP with FLO9 derived from SWORD) was 0.8771 ± 

0.5431 μm, while Ald4p-GFP structures found in SWORD (positive control) and 

reference ALD4::GFP (negative control) were, on average, 1.421 ± 1.151 and 0.5904 ± 

0.3719 μm long, respectively (Fig. 4, Table 1). According to the significant difference (p-
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value < 0.0001) in the length distribution of Ald4p-GFP structures between the new 

yeast construct and the reference ALD4::GFP, alterations at the FLO9 locus alter the 

assembly of Ald4p-GFP. However, since the length distribution of Ald4p-GFP structures 

of the new construct is not comparable to that of SWORD clones, FLO9 is not the sole 

genetic factor regulating Ald4p-GFP filaments in the yeast cells. This is consistent with 

our resequencing results that indicated that the FLO9 Asn374Thr and Ser375Gly double 

mutation SNP was not unique to SWORD clones. 

 While we were led to FLO9 via a false positive, our studies indicate that 

alterations at the FLO9 locus do significantly alter Ald4p filaments length. The 

selectable marker – hygromycin resistance gene or hygR – was tested not be an 

effector for Ald4p filament assembly as the flo9Δ::hygR yeast construct showed the 

phenotype similar to the wild type ALD4::GFP strain (unpublished data). The 

mechanism underlying this is unclear but could be due to additional uncharacterized 

SNPs outside of the coding sequence and/or changes of chromosome structure around 

FLO9 locus, like chromosomal inversion, translocation, or even large DNA insertion 

and/or deletion that can be better identified by long-read sequencing (Hiatt et al., 2021). 

 Future studies directed at determining whether FLO9 from SWORD has a 

stimulatory effect on other known filament-forming cytosolic enzymes in S. cerevisiae, 

like CTP synthetase (Ura7/8p) (Noree et al., 2010) and asparagine synthetase 

(Asn1/2p) (Narayanaswamy et al., 2009, Shen et al., 2016, Noree et al., 2019b), or 

mitochondrial enzymes, like acetyl-CoA carboxylase (Acc1p) and threonine dehydratase 

(Ilv1/2p) (Noree et al., 2019a) will be quite revealing. Furthermore, functional and 

localization studies of Flo9p in SWORD and reference ALD4::GFP strains will help 

determine how Flo9p is altered in SWORD strains and how that contributes to 

regulating enzyme structures.  

According to a study by Frieman et al, it has been suggested that serine and 

threonine residues within the repeats of Flo9p are important for the protein to be 

targeted to the outer cell wall (Frieman and Cormack, 2004). If some of these residues 

are altered and make the protein unable to be directed to the cell surface, but rather 

accumulated inside the cells, the FLO9  variants might display a novel function, 
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probably being involved in supramolecular assembly of certain proteins or enzymes. If 

so, FLO9 and its variable gene products could be very intriguing for further studies and 

applications. 

 

MATERIALS AND METHODS 

Bacterial and yeast strains 

 Escherichia coli One Shot™ MAX Efficiency™ DH5α-T1R competent cells 

(Thermo Fischer Scientific, USA) were used for cloning and propagation of pFA6a-

FLO9(SWORD)-hphMX6. Bacterial cultures were maintained in LB medium [1% (w/v) 

Bacto™ tryptone (BD Biosciences), 0.5% (w/v) Bacto™ yeast extract (BD Biosciences), 

and 1% (w/v) NaCl (Merck)], supplemented with ampicillin (100 µg/ml) (PanReac 

AppliChem) at 37°C.  

Yeast ALD4::GFP; kanR (S. cerevisiae BY4741 used as background strain) was 

constructed in our previous study (Noree and Sirinonthanawech, 2020) and used as 

base strain in this study to create a new yeast strain ALD4::GFP; kanR with 

FLO9(SWORD); hygR. Yeast cultures were maintained in YPD medium [(2% (w/v) 

Bacto™ peptone (BD Biosciences), 1% (w/v) Bacto™ yeast extract, and 2% (w/v) 

glucose (Sigma-Aldrich)] at 30°C. G418 (400 µg/ml) (PanReac AppliChem) and 

hygromycin B (200 µg/ml) (Merck) were used for selection of the corresponding yeast 

strains. 

 

Short-read whole genome sequencing 

 The genomic DNA samples of yeast ALD4::GFP “SWORD” (3 clones) and yeast 

ALD4::GFP reference (1 clone) were prepared using TIANamp Yeast DNA Kit 

(TIANGEN). They were then sent out for short-read whole genome sequencing 

(NovaSeq 6000, Novogene, Singapore). The bioinformatic analysis of WGS data was 

performed by Ward Medic (Thailand). The WGS data were deposited onto NCBI 

Sequence Read Archive (SRA) with SRA number SRR23883646 (for SWORD4), 
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SRR23883645 (for SWORD5), SRR23883644 (for SWORD8), and SRR23883643 (for 

ALD4::GFP reference).  

 

Western blot analysis 

 Whole cell lysates of two yeast strains, SWORD and reference ALD4::GFP (3 

different clones for each), were prepared by growing them in YPD broth to 3 growth 

stages; log-phase, saturation (or 1-day culture), and stationary phase (or 5-day culture). 

For log-phase cultures, 1 OD600 cells were collected, whereas 5 OD600 cells and 10 

OD600 cells were collected for saturation and stationary phase cultures, respectively. 

Then, the collected cells were resuspended in 100 µl 1xSDS-PAGE sample buffer 

containing 4M urea, 1:20 beta-mercaptoethanol (PanReac AppliChem), and 1:1,000 

protease inhibitor cocktail (Sigma-Aldrich). About 50 µl glass beads (425 – 600 m) 

(Sigma-Aldrich) were added to each sample before vortexing it vigorously for 1-2 min. 

The protein samples were boiled at 95°C for 5 min, immediately placed on ice for 5 min, 

centrifuged at 10,000 rpm for 1 min, and kept at -25°C until use. SDS-PAGE (8% 

separating gel) was performed, and the BLUeye Prestained Protein Ladder (Sigma-

Aldrich) was used to estimate the size of the resolved proteins. After running SDS-

PAGE, the separated proteins were then transferred from polyacrylamide gel to PVDF 

membrane using Trans-Blot® TurboTM Transfer System (Bio-Rad). Each blot was split 

into 2 pieces between 75 and 63 kDa bands of the prestained ladder. Western blotting 

was performed following the standard protocol. For the protein detection, the upper-half 

was incubated with (1:5,000) rabbit anti-GFP polyclonal antibody (A01388, GenScript) 

(to detect GFP-tagged Ald4p), followed by incubation with (1:5,000) HRP-conjugated 

goat anti-rabbit IgG (31460, Thermo Fisher Scientific). The lower-half was incubated 

with (1:5,000) mouse anti-alpha tubulin monoclonal antibody (12G10, DSHB) (to detect 

alpha-tubulin, as loading control), followed by incubation with (1,5000) HRP-conjugated 

goat anti-mouse IgG (62-6520, Thermo Fisher Scientific). Both upper-half and lower-half 

of each blot were subsequently re-assembled before developing the chemiluminescent 

signals with Amersham™ ECL™ Western Blotting Analysis System (GE Healthcare). 

ImageJ/Fiji (Schneider et al., 2012) was used to quantitate the intensity of protein 
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bands in order to compare the normalized expression of GFP-tagged Ald4p in the 

SWORD vs. reference ALD4::GFP yeast clones. 

 

Construction of pFA6a-FLO9(SWORD)-hphMX6 

 The coding sequence of the FLO9 gene was amplified by PCR using KOD Hot 

Start DNA Polymerase Kit (Merck). The genomic DNA isolated from a SWORD clone 

was used as DNA template. The PCR product was purified using GenepHlowTM 

Gel/PCR Kit (Geneaid), and then cloned into pFA6a-hphMX6 (Scientific Research and 

Development GmbH, Germany) at HindIII and SmaI recognition sites. HindIII and SmaI 

restriction digests were performed according to the manufacturer’s instructions (Thermo 

Fischer Scientific). The ligation was performed using T4 DNA Ligase Kit (NEB). After 

selection on LB agar supplemented with ampicillin, the recombinant plasmid was 

extracted, by using Presto™ Mini Plasmid Kit (Geneaid), from each randomly selected 

bacterial transformant for verification by Sanger DNA sequencing (Macrogen). The 

primers used for cloning and DNA sequencing are shown in Table S1.  

 

Construction of yeast ALD4::GFP; kanR with FLO9(SWORD); hygR 

After several attempts, we could not obtain the recombinant plasmid of pFA6a-

hphMX6 with full-length FLO9 (amplified from SWORD’s genomic DNA), therefore we 

decided to use the ligation products directly as PCR template, instead. The DNA 

cassette, harboring FLO9 derived from SWORD and hygromycin resistance gene, was 

successfully prepared by PCR using CN0087 and CN0060 as forward and reverse 

primers, respectively (Table S1). After PCR purification, the DNA cassette was 

transformed into yeast ALD4::GFP reference (Noree and Sirinonthanawech, 2020) 

using lithium acetate and heat shock method (Petracek and Longtine, 2002) with 

some modifications. Briefly, the competent yeast cells were freshly prepared by growing 

the cells (30-ml culture) to log phase at 30°C with shaking. The cells were harvested at 

3,000 g for 5 min, and washed once with sterile water before being resuspended in 400 

µl of a solution containing 100 mM lithium acetate (Sigma-Aldrich) and 1xTE (10 mM 
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Tris pH 8.0 and 1 mM EDTA) to let them become competent cells. After incubation at 

room temperature for 10 min, 100 µl of yeast competent cell suspension was added to 

the tube with the whole purified DNA cassette and 100 µg single-stranded DNA (Sigma-

Aldrich), followed by the addition of 600 µl of a solution containing 100 mM lithium 

acetate, 1xTE, and 40% (w/v) polyethylene glycol 3350 (Sigma-Aldrich). The 

transformation reaction was incubated at 30°C with shaking for 45 min, then the heat 

shock was performed at 42°C for 30 min. After placing on ice for 5 min, the cells were 

collected by centrifugation at 6,000 rpm for 2 min, and then resuspended in 1xPBS 

before spreading onto the YPD agar plates. After selection on YPD agar supplemented 

with hygromycin B, the genomic DNA was then extracted, using STES buffer [0.2 M Tris 

pH 7.6, 0.5 M NaCl, 0.1% (w/v) SDS, and 0.01 M EDTA)], from each randomly selected 

yeast transformant to be used as PCR template in order to get the PCR product for 

further verification by Sanger DNA sequencing. All the primers used for preparing the 

DNA cassette, preparing the PCR product for DNA sequencing, and the sequencing 

primers are shown in Table S1. 

 

Yeast cell imaging and Ald4p-GFP length distribution analysis 

 Yeast samples of (1) ALD4::GFP reference, transformed with DNA cassette 

having FLO9 (from SWORD) and hygromycin resistance gene, (2) ALD4::GFP 

reference (as negative control), and (3) SWORD (as positive control), were prepared by 

first scraping the cells from their agar plate and resuspending them in a microcentrifuge 

tube having 1 ml of 1xPBS (Merck). The cell suspension (about 8-10 µl) was dropped 

onto a microscope slide (Shandon SuperFrost Plus, Thermo Fisher Scientific), followed 

by placing a cover slip over the sample (Menzel Gläser, Thermo Fisher Scientific). The 

slide was then put upside down onto a lint-free lab wipe and gently pressed to remove 

the excess liquid and to help prevent the cells from floating around. The imaging was 

performed using Zeiss Axio Imager.Z2 and ApoTome.2 with EC Plan_NEOFLUAR 

100x/1.3 Oil objective lens. Z-stack images were subject to “ApoTome” processing and 

compressed into a single image with maximum projection using ZEN 3.1 (blue edition). 

Length measurement of Ald4p-GFP structures was performed using ImageJ/Fiji. After 
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opening up an image, the “Set Scale” under the menu bar “Analyze” was set to be 

22.0264 pixels/micron (specific for images taken by Zeiss Axio Imager.Z2 and 

ApoTome.2 with 100x objective lens). Under “Analyze” and “Set Measurements”, 

“Area”, “Fit ellipse”, and “Display label” were selected. Next, under “Image” and “Type”, 

“8-bit” was selected. Then, under “Image” and “Adjust”, the threshold with a setting 

defined by “Otsu” (in the drop-down list) was chosen. After that, under “Process” and 

“Binary”, “Convert to Mask” was selected. Subsequently, under “Analyze”, “Analyze 

Particles” was selected, the number “0.01-infinity” was put in the “Size (μm^2)” box (to 

exclude structures with size <0.01 μm2 from the analysis), “Outlines” was chosen in the 

“Show” box, and “Display results”, “Summarize”, and “Exclude on edges” were ticked. 

After the “Results” window showed up, the value of the “major axis” of each Ald4p-GFP 

structure was collected for length distribution analysis. Statistical analysis (unpaired t 

test, non-parametric, Kolmogorov-Smirnov test) was performed using GraphPad Prism 

9 Version 9.5.1 (733). 
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Figures and Table 
 

 

 

Fig. 1. Robust assembly of Ald4p-GFP, found in SWORD clones, is not caused by 

its protein levels. Western blot analysis of Ald4p-GFP levels (SWORD vs. reference 

ALD4::GFP constructs) was performed by using whole protein extracts prepared from 

the cells grown to log-phase (A), saturation (1-day cultures) (B), and stationary phase 

(5-day cultures) (C). Full blots are present in Fig. S1-S3. Anti-GFP antibody was used 

to detect the GFP-tagged Ald4p, whereas anti-alpha tubulin antibody was used to detect 

the internal loading control (alpha tubulin). Three independent experiments were 

performed for each time point. The contrast was adjusted here only for visualization 

purpose. The original blots (without image contrast adjustment) were quantified by 

ImageJ. After normalization with the loading control, alpha-tubulin, Ald4p-GFP levels of 

the SWORD clones were expressed as fold-change, relative to those of the reference 

ALD4::GFP clones (Table S2). 
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Fig. 2. FLO9 was suggested by short-read WGS bioinformatic analysis to study its 

association with Ald4p-GFP robust assembly. Structure variations found in FLO9 

(IGV, by Broad Institute, was used to display read mapping). LR are normal reads (→⁞   

⁞←) (grey bars), RL (⁞←   →⁞) implies duplication or translocation (green bars), LL (→⁞   

→⁞) and RR (⁞←   ⁞←) implies inversion (turquoise and blue bars, respectively) (A). 

Flo9p (S. cerevisiae S288C, UniProtKB accession number P39712) contains a lot of 

repeats and disordered regions (B). Nucleotide and amino acid sequence alignments of 

S. cerevisiae S288C and BY4741 are shown in Fig. S4-S5, respectively. 

  

B
io

lo
gy

 O
pe

n 
• 

A
cc

ep
te

d 
m

an
us

cr
ip

t



  

 

Fig. 3. Experimental design for introducing FLO9 amplified from a SWORD clone 

into FLO9 chromosomal locus in the genome of yeast ALD4::GFP reference and 

comparative analysis of length distribution of Ald4p-GFP. Ligation reaction of 

pFA6a-hphMX6 and FLO9 insert (amplified from genomic DNA sample of a SWORD 
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clone) was directly used as PCR template for preparing the DNA cassette (FLO9 from 

SWORD and hygromycin resistance gene). The purified DNA cassette was introduced 

into the genome of yeast ALD4::GFP reference to replace the original FLO9 gene with 

the FLO9 allele from SWORD. After verification by PCR and Sanger DNA sequencing, 

the images of resulting yeast construct were analyzed for length distribution of Ald4p-

GFP, compared to those of SWORD (positive control) and ALD4::GFP reference 

(negative control). 
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Fig. 4. Yeast ALD4::GFP reference getting FLO9 allele from SWORD showed a 

significant increase in length of their Ald4p-GFP structures. Fluorescence live-cell 

images (BF: bright-field) of yeast ALD4::GFP reference (negative control) (A), yeast 

ALD4::GFP reference with FLO9 derived from SWORD (B), and yeast ALD4::GFP 

“SWORD” (positive control) (C), and length distribution of their Ald4p-GFP structures 

shown in a violin plot (red line represents median, blue line represents quartile, and **** 

indicates statistically significant difference between two groups; P value <0.0001, 

unpaired, non-parametric, Kolmogorov-Smirnov test) (D). 
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Table 1 Length distribution summary and statistical analysis (Raw data are present in 

Table S3) 

Yeast strain 
Length (μm) of Ald4p-GFP structures Number of 

structures 
analyzed Maximum 

75% 
Percentile 

Median 
25% 

Percentile Minimum 
Average 
(± SD) 

ALD4::GFP 
reference 

2.367 0.8150 0.4850 0.2870 0.1180 
0.5904 

(± 0.3719) 
519 

ALD4::GFP 
reference 
with FLO9 
from SWORD 

2.939 1.187 0.7530 0.4498 0.1400 
0.8771 

(± 0.5431) 
716 

ALD4::GFP 
“SWORD” 

5.873 2.198 1.116 0.3955 0.1150 
1.421 

(± 1.151) 
618 

Statistical Analysis 

T test 
(Unpaired, non-parametric, 
Kolmogorov-Smirnov test) 

Reference 
vs. 

Reference with 
FLO9 from 

SWORD 

Reference 
vs. 

SWORD 

Reference with 
FLO9 from 

SWORD 
vs. 

SWORD 

P value <0.0001 <0.0001 <0.0001 

P value summary **** **** **** 

Significantly different (P <0.05)? Yes Yes Yes 

Kolmogorov-Smirnov D 0.2370 0.4157 0.2628 
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Fig. S1. Full blots of log-phase yeast cultures (SWORD vs. reference ALD4::GFP clones). 
Three independent experiments (A) – (C) were performed; left and right panels showing 
blots with different exposure time points. 

Biology Open (2023): doi:10.1242/bio.060070: Supplementary information
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Fig. S2. Full blots of 1-day yeast cultures (SWORD vs. reference ALD4::GFP clones). 

Three independent experiments (A) – (C) were performed; left and right panels showing 

blots with different exposure time points. 

Biology Open (2023): doi:10.1242/bio.060070: Supplementary information
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Fig. S3. Full blots of 5-day yeast cultures (SWORD vs. reference ALD4::GFP clones). 

Three independent experiments (A) – (C) were performed; left and right panels showing 

blots with different exposure time points. 

Biology Open (2023): doi:10.1242/bio.060070: Supplementary information
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FLO9_S288C 1 ATGTCTCTGGCACATTATTGTTTACTACTAGCCATCGTCACATTGCTGGG     50 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741        1 ATGTCTCTGGCACATTATTGTTTACTACTAGCCATCGTCACATTGCTGGG     50 

FLO9_S288C        51 ATTAACTAATGTTGTCTCTGCGACTACAGCGGCATGCCTGCCAGCAAACT    100 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741       51 ATTAACTAATGTTGTCTCTGCGACTACAGCGGCATGCCTGCCAGCAAACT    100 

FLO9_S288C       101 CAAGGAAGAATGGTATGAATGTAAACTTTTACCAGTATTCATTGAGAGAT    150 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741      101 CAAGGAAGAATGGTATGAATGTAAACTTTTACCAGTATTCATTGAGAGAT    150 

FLO9_S288C       151 TCCTCCACATATTCGAATGCAGCATATATGGCTTATGGATATGCCTCAAA    200 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741      151 TCCTCCACATATTCGAATGCAGCATATATGGCTTATGGATATGCCTCAAA    200 

FLO9_S288C       201 AACTAAACTGGGTTCTGTCGGAGGACAAACTGATATCTCGATTGATTATA    250 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741      201 AACTAAACTGGGTTCTGTCGGAGGACAAACTGATATCTCGATTGATTATA    250 

FLO9_S288C       251 ATATTCCTTGTGTTAGTTCATCAGGCACATTTCCTTGTCCTCAAGAAGAT    300 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741      251 ATATTCCTTGTGTTAGTTCATCAGGCACATTTCCTTGTCCTCAAGAAGAT    300 

FLO9_S288C       301 TTATATGGTAATTGGGGATGCAAAGGAATTGGTGCTTGTTCTAATAATCC    350 
 |||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741      301 TTATATGGTAATTGGGGATGCAAAGGAATTGGTGCTTGTTCTAATAATCC    350 

FLO9_S288C       351 AATAATTGCATACTGGAGTACTGATTTATTTGGTTTCTATACTACCCCAA    400 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741      351 AATAATTGCATACTGGAGTACTGATTTATTTGGTTTCTATACTACCCCAA    400 

FLO9_S288C       401 CAAACGTAACCCTAGAAATGACAGGTTATTTTTTACCACCACAGACGGGT    450 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741      401 CAAACGTAACCCTAGAAATGACAGGTTATTTTTTACCACCACAGACGGGT    450 

FLO9_S288C       451 TCTTACACATTCAAGTTTGCTACAGTTGACGACTCTGCAATTCTATCAGT    500 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741      451 TCTTACACATTCAAGTTTGCTACAGTTGACGACTCTGCAATTCTATCAGT    500 

FLO9_S288C       501 CGGTGGTAGCATTGCGTTCGAATGTTGTGCACAAGAACAACCTCCCATCA    550 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741      501 CGGTGGTAGCATTGCGTTCGAATGTTGTGCACAAGAACAACCTCCCATCA    550 

FLO9_S288C       551 CGTCGACTAACTTCACCATCAATGGTATCAAGCCATGGAATGGAAGTCCC    600 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741      551 CGTCGACTAACTTCACCATCAATGGTATCAAGCCATGGAATGGAAGTCCC    600 

FLO9_S288C       601 CCTGATAATATTACAGGGACTGTCTACATGTATGCTGGTTTCTATTATCC    650 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741      601 CCTGATAATATTACAGGGACTGTCTACATGTATGCTGGTTTCTATTATCC    650 

FLO9_S288C       651 AATGAAGATTGTTTACTCAAATGCCGTTGCCTGGGGTACACTTCCAATTA    700 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741      651 AATGAAGATTGTTTACTCAAATGCCGTTGCCTGGGGTACACTTCCAATTA    700 

FLO9_S288C       701 GTGTGACACTACCAGATGGCACTACCGTTAGTGATGACTTTGAAGGGTAC    750 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741      701 GTGTGACACTACCAGATGGCACTACCGTTAGTGATGACTTTGAAGGGTAC    750 

FLO9_S288C       751 GTATATACTTTTGACAACAATCTAAGCCAGCCAAACTGTACCATTCCAGA    800 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741      751 GTATATACTTTTGACAACAATCTAAGCCAGCCAAACTGTACCATTCCAGA    800 

Biology Open (2023): doi:10.1242/bio.060070: Supplementary information
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FLO9_S288C       801 CCCTTCAAATTATACTGTCAGTACTACCATAACTACAACGGAACCATGGA    850 
|||||||||||||||||||||||||||||||||||||||.||.||||||| 

FLO9_BY4741      801 CCCTTCAAATTATACTGTCAGTACTACCATAACTACAACCGAGCCATGGA    850 

FLO9_S288C       851 CCGGTACTTTCACTTCTACATCTACTGAAATGACCACCGTCACCGGTACC    900 
|||||||||||||.|||||.||||||||.|||||.||..||||.||.||| 

FLO9_BY4741      851 CCGGTACTTTCACCTCTACGTCTACTGAGATGACTACTATCACTGGCACC    900 

FLO9_S288C       901 AACGGCGTTCCAACTGACGAAACCGTCATTGTCATCAGAACTCCAACAAC    950 
  |||||.||.|||||||||||||||.|||||||..|||.|||.|||||||| 

FLO9_BY4741      901 AACGGTGTACCAACTGACGAAACCATCATTGTTGTCAAAACACCAACAAC    950 

FLO9_S288C       951 TGCTAGCACCATCATAACTACAACTGAGCCATGGAACAGCACTTTTACCT   1000 
|||||||||||||||||||||.||.||.|||||||.|.|.|||||.||.| 

FLO9_BY4741      951 TGCTAGCACCATCATAACTACGACCGAACCATGGACCGGTACTTTCACAT   1000 

FLO9_S288C      1001 CTACTTCTACCGAATTGACCACAGTCACTGGCACCAATGGTGTACGAACT   1050 
||||.||.||.|||.||||.||..|||||||||||||.|||||||.|||| 

FLO9_BY4741     1001 CTACATCCACAGAAATGACTACTATCACTGGCACCAACGGTGTACCAACT   1050 

FLO9_S288C      1051 GACGAAACCATCATTGTAATCAGAACACCAACAACAGCCACTACTGCCAT   1100 
|||||||||||||||||..|||.||||||||||||.||.|..||...||| 

FLO9_BY4741     1051 GACGAAACCATCATTGTTGTCAAAACACCAACAACTGCTAGCACCATCAT   1100 

FLO9_S288C      1101 AACTACAACTGAGCCATGGAACAGCACTTTTACCTCTACTTCTACCGAAT   1150 
||||||||||||||||||||...||||||..||.|||||||||||||||| 

FLO9_BY4741     1101 AACTACAACTGAGCCATGGACTGGCACTTCCACTTCTACTTCTACCGAAT   1150 

FLO9_S288C      1151 TGACCACAGTCACCGGTACCAATGGTTTGCCAACTGATGAGACCATCATT   1200 
|||||||||||||||||||.|||||.|||||||||||.||.||||||||| 

FLO9_BY4741     1151 TGACCACAGTCACCGGTACTAATGGCTTGCCAACTGACGAAACCATCATT   1200 

FLO9_S288C      1201 GTCATCAGAACACCAACAACAGCCACTACTGCCATGACTACAACTCAGCC   1250 
||..||||||||||||||||.||.|..||...|||.|||||||||.|||| 

FLO9_BY4741     1201 GTTGTCAGAACACCAACAACTGCTAGCACCATCATAACTACAACTGAGCC   1250 

FLO9_S288C      1251 ATGGAACGACACTTTTACCTCTACTTCTACCGAATTGACCACAGTCACCG   1300 
|||||..|.|||||..||.||||||||||||||||||||||||||||||| 

FLO9_BY4741     1251 ATGGACTGGCACTTCCACTTCTACTTCTACCGAATTGACCACAGTCACCG   1300 

FLO9_S288C      1301 GTACCAATGGTTTGCCAACTGATGAGACCATCATTGTCATCAGAACACCA   1350 
||||||||||.||||||||||||||.|||||||||||..||||||||||| 

FLO9_BY4741     1301 GTACCAATGGCTTGCCAACTGATGAAACCATCATTGTTGTCAGAACACCA   1350 

FLO9_S288C      1351 ACAACAGCCACTACTGCCATGACTACAACTCAGCCATGGAACGACACTTT   1400 
|||||.||.|..||...|||.|||||||||.|||||||||..|.|||||. 

FLO9_BY4741     1351 ACAACTGCTAGCACCATCATAACTACAACTGAGCCATGGACTGGCACTTC   1400 

FLO9_S288C      1401 TACCTCTACTTCTACCGAATTGACCACAGTCACCGGTACCAATGGTTTGC   1450 
.||.|||||||||||||||||||||||||||||||||||||||||.|||| 

FLO9_BY4741     1401 CACTTCTACTTCTACCGAATTGACCACAGTCACCGGTACCAATGGCTTGC   1450 

FLO9_S288C      1451 CAACTGATGAGACCATCATTGTCATCAGAACACCAACAACAGCCACTACT   1500 
||||||||||.|||||||||||..||||||||||||||||.||.|..||. 

FLO9_BY4741     1451 CAACTGATGAAACCATCATTGTTGTCAGAACACCAACAACTGCTAACACC   1500 

FLO9_S288C      1501 GCCATGACTACAACTCAGCCATGGAACGACACTTTTACCTCTACATCCAC   1550 
  ..|||.||||.||||.|||||||||..|.|||||..||.|||||.||.|| 

FLO9_BY4741     1501 ATCATAACTATAACTGAGCCATGGACTGGCACTTCCACTTCTACTTCTAC   1550 

FLO9_S288C      1551 TGAAATCACCACCGTCACCGGTACCAATGGTTTGCCAACTGATGAGACCA   1600 
.|||.|.|||||.|||||||||||||||||.||||||||||||||.|||| 
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FLO9_BY4741     1551 CGAATTGACCACAGTCACCGGTACCAATGGCTTGCCAACTGATGAAACCA   1600 

FLO9_S288C      1601 TCATTGTCATCAGAACACCAACAACAGCCACTACTGCCATGACTACAACT   1650 
|||||||..|||.||||||||||||.||.|..||...|||.|||||.||. 

FLO9_BY4741     1601 TCATTGTTGTCAAAACACCAACAACTGCTAGCACCATCATAACTACGACC   1650 

FLO9_S288C      1651 CAGCCATGGAACGACACTTTTACCTCTACATCCACTGAAATGACCACCGT   1700 
.|.|||||||.||..|||||.||.|||||||||||.||||||||.||.|| 

FLO9_BY4741     1651 GAACCATGGACCGGTACTTTCACATCTACATCCACAGAAATGACTACTGT   1700 

FLO9_S288C      1701 CACCGGTACCAACGGTTTGCCAACTGATGAAACCATCATTGTCATCAGAA   1750 
|||.||||||||||||...||||||||||||||..|||||||..|.|.|| 

FLO9_BY4741     1701 CACTGGTACCAACGGTCAACCAACTGATGAAACTGTCATTGTTGTTAAAA   1750 

FLO9_S288C      1751 CACCAACAACAGCCACTACTGCCATAACTACAACTGAGCCATGGAACAGC   1800 
||||.|||||.||.|..||...|||||||||||||||||||||||...|| 

FLO9_BY4741     1751 CACCTACAACTGCTAACACCATCATAACTACAACTGAGCCATGGACTGGC   1800 

FLO9_S288C      1801 ACTTTTACCTCTACATCCACTGAAATGACCACCGTCACCGGTACCAACGG   1850 
|||||.||||||||.||.|||||.|||||.||..||||.||.|||||||| 

FLO9_BY4741     1801 ACTTTCACCTCTACGTCTACTGAGATGACTACTATCACTGGCACCAACGG   1850 

FLO9_S288C      1851 TTTGCCAACTGATGAAACCATCATTGTCATCAGAACACCAACAACAGCCA   1900 
|.|.||||||||.||||||||||||||..|||.||||||||||||.||.| 

FLO9_BY4741     1851 TGTACCAACTGACGAAACCATCATTGTTGTCAAAACACCAACAACTGCTA   1900 

FLO9_S288C      1901 CTACTGCCATAACTACAACTCAGCCATGGAACGACACTTTTACCTCTACA   1950 
..||...|||||||||.||..|.|||||||.||..|||||.||.|||||| 

FLO9_BY4741     1901 GCACCATCATAACTACGACCGAACCATGGACCGGTACTTTCACATCTACA   1950 

FLO9_S288C      1951 TCCACTGAAATGACCACCGTCACCGGTACCAACGGTTTGCCAACTGATGA   2000 
|||||.||||||||.||..||||.||.|||||||||.|.||||||||.|| 

FLO9_BY4741     1951 TCCACAGAAATGACTACTATCACTGGCACCAACGGTGTACCAACTGACGA   2000 

FLO9_S288C      2001 AACCATCATTGTCATCAGAACACCAACAACAGCCACTACTGCCATGACTA   2050 
||||||||||||..|||.||||||||||||.||.|..||...|||.|||| 

FLO9_BY4741     2001 AACCATCATTGTTGTCAAAACACCAACAACTGCTAGCACCATCATAACTA   2050 

FLO9_S288C      2051 CAACTCAGCCATGGAACGACACTTTTACCTCTACATCCACTGAAATCACC   2100 
|||||.|||||||||..|.||||||.||||||||.||.|||||.||.||. 

FLO9_BY4741     2051 CAACTGAGCCATGGACTGGCACTTTCACCTCTACGTCTACTGAGATGACT   2100 

FLO9_S288C      2101 ACCGTCACCGGTACCAACGGTTTGCCAACTGATGAGACCATCATTGTCAT   2150 
  ||..||||.||.|||||||||.|.||||||||.||.|||||||||||..| 

FLO9_BY4741     2101 ACTATCACTGGCACCAACGGTGTACCAACTGACGAAACCATCATTGTTGT   2150 

FLO9_S288C      2151 CAGAACACCAACAACAGCCACTACTGCCATGACTACAACTCAGCCATGGA   2200 
||.||||||||||||.||.|..||...|||.|||||.||..|.||||||| 

FLO9_BY4741     2151 CAAAACACCAACAACTGCTAGCACCATCATAACTACGACCGAACCATGGA   2200 

FLO9_S288C      2201 ACGACACTTTTACCTCTACATCCACTGAAATGACCACCGTCACCGGTACC   2250 
.||..|||||.||.|||||||||||.||||||||.||.|||||||||||| 

FLO9_BY4741     2201 CCGGTACTTTCACATCTACATCCACAGAAATGACTACTGTCACCGGTACC   2250 

FLO9_S288C      2251 AACGGCGTTCCAACTGACGAAACCGTCATTGTCATCAGAACTCCAACTAG   2300 
|||||....||||||||||||||.||.|||||.||||||||.|||||||| 

FLO9_BY4741     2251 AACGGTCAACCAACTGACGAAACTGTGATTGTTATCAGAACCCCAACTAG   2300 

FLO9_S288C      2301 TGAAGGTCTAATCAGCACCACCACTGAACCATGGACTGGTACTTTCACCT   2350 
|||||||.|..|.|..|||||||||||||||||||||||||||||.|||| 

FLO9_BY4741     2301 TGAAGGTTTGGTTACAACCACCACTGAACCATGGACTGGTACTTTTACCT   2350 

FLO9_S288C      2351 CTACATCCACTGAGATGACCACCGTCACCGGTACTAACGGTCAACCAACT   2400 
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|||||||.||||||||||||||||||||||||||.||||||||||||||| 
FLO9_BY4741     2351 CTACATCTACTGAGATGACCACCGTCACCGGTACCAACGGTCAACCAACT   2400 

FLO9_S288C      2401 GACGAAACCGTGATTGTTATCAGAACTCCAACCAGTGAAGGTTTGGTTAC   2450 
||||||||.|||||||||||||||||.|||||.||||||||||||||||| 

FLO9_BY4741     2401 GACGAAACTGTGATTGTTATCAGAACCCCAACTAGTGAAGGTTTGGTTAC   2450 

FLO9_S288C      2451 AACTACAACCGAGCCATGGACCGGTACTTTCACCTCTACATCTACTGAGA   2500 
|||.||.||.||.||||||||.||||||||.||||||||||||||||||| 

FLO9_BY4741     2451 AACCACCACTGAACCATGGACTGGTACTTTTACCTCTACATCTACTGAGA   2500 

FLO9_S288C      2501 TGACCACCATCACTGGAACCAACGGTCAACCAACTGATGAAACTGTCATT   2550 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741     2501 TGACCACCATCACTGGAACCAACGGTCAACCAACTGATGAAACTGTCATT   2550 

FLO9_S288C      2551 ATTGTCAAAACTCCAACTACTGCCATCTCATCCAGTTTGTCATCTTCTTC   2600 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741     2551 ATTGTCAAAACTCCAACTACTGCCATCTCATCCAGTTTGTCATCTTCTTC   2600 

FLO9_S288C      2601 AGGACAAATCACCAGCTTTATCACGTCTGCGCGTCCAATTATTACCCCAT   2650 
||||||||||||||||||||||||||||.||||||||||||||||||||| 

FLO9_BY4741     2601 AGGACAAATCACCAGCTTTATCACGTCTTCGCGTCCAATTATTACCCCAT   2650 

FLO9_S288C      2651 TCTATCCTAGCAATGGAACTTCTGTGATTTCCTCCTCAGTAATTTCTTCC   2700 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741     2651 TCTATCCTAGCAATGGAACTTCTGTGATTTCCTCCTCAGTAATTTCTTCC   2700 

FLO9_S288C      2701 TCAGACACTTCTTCTCTAGTCATTTCTTCCTCAGTCACTTCTTCTCTAGT   2750 
  |||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741     2701 TCAGACACTTCTTCTCTAGTCATTTCTTCCTCAGTCACTTCTTCTCTAGT   2750 

FLO9_S288C      2751 CACTTCTTCTCCAGTCATTTCTTCTTCATTCATTTCTTCCCCTGTCATTT   2800 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741     2751 CACTTCTTCTCCAGTCATTTCTTCTTCATTCATTTCTTCCCCTGTCATTT   2800 

FLO9_S288C      2801 CTTCTACAACAACCTCCGCTTCTATACTCTCTGAATCATCTAAATCATCC   2850 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741     2801 CTTCTACAACAACCTCCGCTTCTATACTCTCTGAATCATCTAAATCATCC   2850 

FLO9_S288C      2851 GTCATTCCAACCAGTAGTTCCACCTCTGGTTCTTCTGAGAGCGAAACGGG   2900 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741     2851 GTCATTCCAACCAGTAGTTCCACCTCTGGTTCTTCTGAGAGCGAAACGGG   2900 

FLO9_S288C      2901 TTCAGCTAGTTCTGCCTCTTCTTCCTCTTCTATCTCTTCTGAATCACCAA   2950 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741     2901 TTCAGCTAGTTCTGCCTCTTCTTCCTCTTCTATCTCTTCTGAATCACCAA   2950 

FLO9_S288C      2951 AGTCTACATATTCGTCTTCATCATTACCACCTGTTACCAGTGCAACAACA   3000 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741     2951 AGTCTACATATTCGTCTTCATCATTACCACCTGTTACCAGTGCAACAACA   3000 

FLO9_S288C      3001 AGTCAGGAAATTACTTCTTCATTACCACCTGTTACCACTACAAAAACGAG   3050 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741     3001 AGTCAGGAAATTACTTCTTCATTACCACCTGTTACCACTACAAAAACGAG   3050 

FLO9_S288C      3051 CGAACAAACCACTTTGGTTACCGTGACATCCTGCGAATCTCATGTGTGCA   3100 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741     3051 CGAACAAACCACTTTGGTTACCGTGACATCCTGCGAATCTCATGTGTGCA   3100 

FLO9_S288C      3101 CTGAATCTATCTCCTCTGCGATTGTTTCCACGGCCACCGTTACTGTTAGC   3150 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741     3101 CTGAATCTATCTCCTCTGCGATTGTTTCCACGGCCACCGTTACTGTTAGC   3150 
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FLO9_S288C      3151 GGTGCCACAACAGAGTATACCACATGGTGCCCTATTTCTACCACAGAGAT   3200 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741     3151 GGTGCCACAACAGAGTATACCACATGGTGCCCTATTTCTACCACAGAGAT   3200 

FLO9_S288C      3201 AACAAAGCAAACTACGGAGACAACAAAGCAAACCAAGGGGACAACAGAGC   3250 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741     3201 AACAAAGCAAACTACGGAGACAACAAAGCAAACCAAGGGGACAACAGAGC   3250 

FLO9_S288C      3251 AAACCACAGAAACAACAAAACAAACCACAGTAGTTACAATTTCTTCTTGT   3300 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741     3251 AAACCACAGAAACAACAAAACAAACCACAGTAGTTACAATTTCTTCTTGT   3300 

FLO9_S288C      3301 GAATCTGACGTATGCTCTAAGACTGCTTCTCCAGCCATTGTATCTACAAG   3350 
  |||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741     3301 GAATCTGACGTATGCTCTAAGACTGCTTCTCCAGCCATTGTATCTACAAG   3350 

FLO9_S288C      3351 CACTGCTACTATTAATGGCGTTACCACAGAATACACAACATGGTGTCCTA   3400 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741     3351 CACTGCTACTATTAATGGCGTTACCACAGAATACACAACATGGTGTCCTA   3400 

FLO9_S288C      3401 TTTCCACCACAGAATCGAAGCAACAAACTACGCTAGTTACTGTTACTTCC   3450 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741     3401 TTTCCACCACAGAATCGAAGCAACAAACTACGCTAGTTACTGTTACTTCC   3450 

FLO9_S288C      3451 TGCGGATCTGGTGTGTGTTCCGAAACTACTTCACCTGCCATTGTTTCGAC   3500 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741     3451 TGCGGATCTGGTGTGTGTTCCGAAACTACTTCACCTGCCATTGTTTCGAC   3500 

FLO9_S288C      3501 GGCCACGGCTACTGTGAATGATGTTGTTACGGTCTATTCTACATGGAGGC   3550 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741     3501 GGCCACGGCTACTGTGAATGATGTTGTTACGGTCTATTCTACATGGAGGC   3550 

FLO9_S288C      3551 CACAGACTACGAATGAACAGTCTGTCAGCTCTAAAATGAACAGTGCTACC   3600 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741     3551 CACAGACTACGAATGAACAGTCTGTCAGCTCTAAAATGAACAGTGCTACC   3600 

FLO9_S288C      3601 AGTGAGACAACAACCAATACTGGAGCTGCTGAGACAACTACCAGTACTGG   3650 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741     3601 AGTGAGACAACAACCAATACTGGAGCTGCTGAGACAACTACCAGTACTGG   3650 

FLO9_S288C      3651 AGCTGCTGAGACGAAAACAGTAGTCACCTCTTCAATTTCAAGATTCAATC   3700 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741     3651 AGCTGCTGAGACGAAAACAGTAGTCACCTCTTCAATTTCAAGATTCAATC   3700 

FLO9_S288C      3701 ATGCTGAAACACAGACGGCTTCCGCGACCGATGTGATTGGTCACAGCAGT   3750 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741     3701 ATGCTGAAACACAGACGGCTTCCGCGACCGATGTGATTGGTCACAGCAGT   3750 

FLO9_S288C      3751 AGTGTTGTTTCTGTATCCGAAACTGGCAACACCAAGAGTCTAACAAGTTC   3800 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741     3751 AGTGTTGTTTCTGTATCCGAAACTGGCAACACCAAGAGTCTAACAAGTTC   3800 

FLO9_S288C      3801 CGGGTTGAGTACTATGTCGCAACAGCCTCGTAGCACACCAGCAAGTAGCA   3850 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741     3801 CGGGTTGAGTACTATGTCGCAACAGCCTCGTAGCACACCAGCAAGTAGCA   3850 

FLO9_S288C      3851 TGGTAGGATCTAGTACAGCTTCTTTAGAAATTTCAACGTATGCTGGCAGT   3900 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741     3851 TGGTAGGATCTAGTACAGCTTCTTTAGAAATTTCAACGTATGCTGGCAGT   3900 

FLO9_S288C      3901 GCCAACAGCTTACTGGCCGGTAGTGGTTTAAGTGTCTTCATTGCGTCCTT   3950 
  |||||||||||||||||||||||||||||||||||||||||||||||||| 

FLO9_BY4741     3901 GCCAACAGCTTACTGGCCGGTAGTGGTTTAAGTGTCTTCATTGCGTCCTT   3950 
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FLO9_S288C      3951 ATTGCTGGCAATTATTTAA   3969 
||||||||||||||||||| 

FLO9_BY4741     3951 ATTGCTGGCAATTATTTAA   3969 

Fig. S4. Nucleotide sequence alignment of FLO9 (S. cerevisiae S288C vs. BY4741) with 

92.9% identity. 
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Flo9p_S288C        1 MSLAHYCLLLAIVTLLGLTNVVSATTAACLPANSRKNGMNVNFYQYSLRD     50 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

Flo9p_BY4741       1 MSLAHYCLLLAIVTLLGLTNVVSATTAACLPANSRKNGMNVNFYQYSLRD     50 

Flo9p_S288C       51 SSTYSNAAYMAYGYASKTKLGSVGGQTDISIDYNIPCVSSSGTFPCPQED    100 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

Flo9p_BY4741      51 SSTYSNAAYMAYGYASKTKLGSVGGQTDISIDYNIPCVSSSGTFPCPQED    100 

Flo9p_S288C      101 LYGNWGCKGIGACSNNPIIAYWSTDLFGFYTTPTNVTLEMTGYFLPPQTG    150 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

Flo9p_BY4741     101 LYGNWGCKGIGACSNNPIIAYWSTDLFGFYTTPTNVTLEMTGYFLPPQTG    150 

Flo9p_S288C      151 SYTFKFATVDDSAILSVGGSIAFECCAQEQPPITSTNFTINGIKPWNGSP    200 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

Flo9p_BY4741     151 SYTFKFATVDDSAILSVGGSIAFECCAQEQPPITSTNFTINGIKPWNGSP    200 

Flo9p_S288C      201 PDNITGTVYMYAGFYYPMKIVYSNAVAWGTLPISVTLPDGTTVSDDFEGY    250 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

Flo9p_BY4741     201 PDNITGTVYMYAGFYYPMKIVYSNAVAWGTLPISVTLPDGTTVSDDFEGY    250 

Flo9p_S288C      251 VYTFDNNLSQPNCTIPDPSNYTVSTTITTTEPWTGTFTSTSTEMTTVTGT    300 
||||||||||||||||||||||||||||||||||||||||||||||:||| 

Flo9p_BY4741     251 VYTFDNNLSQPNCTIPDPSNYTVSTTITTTEPWTGTFTSTSTEMTTITGT    300 

Flo9p_S288C      301 NGVPTDETVIVIRTPTTASTIITTTEPWNSTFTSTSTELTTVTGTNGVRT    350 
||||||||:||::|||||||||||||||..||||||||:||:||||||.| 

Flo9p_BY4741     301 NGVPTDETIIVVKTPTTASTIITTTEPWTGTFTSTSTEMTTITGTNGVPT    350 

Flo9p_S288C      351 DETIIVIRTPTTATTAITTTEPWNSTFTSTSTELTTVTGTNGLPTDETII    400 
||||||::|||||:|.|||||||..|.||||||||||||||||||||||| 

Flo9p_BY4741     351 DETIIVVKTPTTASTIITTTEPWTGTSTSTSTELTTVTGTNGLPTDETII    400 

Flo9p_S288C      401 VIRTPTTATTAMTTTQPWNDTFTSTSTELTTVTGTNGLPTDETIIVIRTP    450 
|:||||||:|.:|||:||..|.||||||||||||||||||||||||:||| 

Flo9p_BY4741     401 VVRTPTTASTIITTTEPWTGTSTSTSTELTTVTGTNGLPTDETIIVVRTP    450 

Flo9p_S288C      451 TTATTAMTTTQPWNDTFTSTSTELTTVTGTNGLPTDETIIVIRTPTTATT    500 
|||:|.:|||:||..|.||||||||||||||||||||||||:||||||.| 

Flo9p_BY4741     451 TTASTIITTTEPWTGTSTSTSTELTTVTGTNGLPTDETIIVVRTPTTANT    500 

Flo9p_S288C      501 AMTTTQPWNDTFTSTSTEITTVTGTNGLPTDETIIVIRTPTTATTAMTTT    550 
.:|.|:||..|.||||||:|||||||||||||||||::|||||:|.:||| 

Flo9p_BY4741     501 IITITEPWTGTSTSTSTELTTVTGTNGLPTDETIIVVKTPTTASTIITTT    550 

Flo9p_S288C      551 QPWNDTFTSTSTEMTTVTGTNGLPTDETIIVIRTPTTATTAITTTEPWNS    600 
:||..|||||||||||||||||.|||||:||::|||||.|.|||||||.. 

Flo9p_BY4741     551 EPWTGTFTSTSTEMTTVTGTNGQPTDETVIVVKTPTTANTIITTTEPWTG    600 

Flo9p_S288C      601 TFTSTSTEMTTVTGTNGLPTDETIIVIRTPTTATTAITTTQPWNDTFTST    650 
|||||||||||:|||||:||||||||::|||||:|.||||:||..||||| 

Flo9p_BY4741     601 TFTSTSTEMTTITGTNGVPTDETIIVVKTPTTASTIITTTEPWTGTFTST    650 

Flo9p_S288C      651 STEMTTVTGTNGLPTDETIIVIRTPTTATTAMTTTQPWNDTFTSTSTEIT    700 
||||||:|||||:||||||||::|||||:|.:|||:||..||||||||:| 

Flo9p_BY4741     651 STEMTTITGTNGVPTDETIIVVKTPTTASTIITTTEPWTGTFTSTSTEMT    700 

Flo9p_S288C      701 TVTGTNGLPTDETIIVIRTPTTATTAMTTTQPWNDTFTSTSTEMTTVTGT    750 
|:|||||:||||||||::|||||:|.:|||:||..||||||||||||||| 

Flo9p_BY4741     701 TITGTNGVPTDETIIVVKTPTTASTIITTTEPWTGTFTSTSTEMTTVTGT    750 

Flo9p_S288C      751 NGVPTDETVIVIRTPTSEGLISTTTEPWTGTFTSTSTEMTTVTGTNGQPT    800 
||.|||||||||||||||||::|||||||||||||||||||||||||||| 

Flo9p_BY4741     751 NGQPTDETVIVIRTPTSEGLVTTTTEPWTGTFTSTSTEMTTVTGTNGQPT    800 
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Flo9p_S288C      801 DETVIVIRTPTSEGLVTTTTEPWTGTFTSTSTEMTTITGTNGQPTDETVI    850 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

Flo9p_BY4741     801 DETVIVIRTPTSEGLVTTTTEPWTGTFTSTSTEMTTITGTNGQPTDETVI    850 

Flo9p_S288C      851 IVKTPTTAISSSLSSSSGQITSFITSARPIITPFYPSNGTSVISSSVISS    900 
||||||||||||||||||||||||||:||||||||||||||||||||||| 

Flo9p_BY4741     851 IVKTPTTAISSSLSSSSGQITSFITSSRPIITPFYPSNGTSVISSSVISS    900 

Flo9p_S288C      901 SDTSSLVISSSVTSSLVTSSPVISSSFISSPVISSTTTSASILSESSKSS    950 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

Flo9p_BY4741     901 SDTSSLVISSSVTSSLVTSSPVISSSFISSPVISSTTTSASILSESSKSS    950 

Flo9p_S288C      951 VIPTSSSTSGSSESETGSASSASSSSSISSESPKSTYSSSSLPPVTSATT   1000 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

Flo9p_BY4741     951 VIPTSSSTSGSSESETGSASSASSSSSISSESPKSTYSSSSLPPVTSATT   1000 

Flo9p_S288C     1001 SQEITSSLPPVTTTKTSEQTTLVTVTSCESHVCTESISSAIVSTATVTVS   1050 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

Flo9p_BY4741    1001 SQEITSSLPPVTTTKTSEQTTLVTVTSCESHVCTESISSAIVSTATVTVS   1050 

Flo9p_S288C     1051 GATTEYTTWCPISTTEITKQTTETTKQTKGTTEQTTETTKQTTVVTISSC   1100 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

Flo9p_BY4741    1051 GATTEYTTWCPISTTEITKQTTETTKQTKGTTEQTTETTKQTTVVTISSC   1100 

Flo9p_S288C     1101 ESDVCSKTASPAIVSTSTATINGVTTEYTTWCPISTTESKQQTTLVTVTS   1150 
  |||||||||||||||||||||||||||||||||||||||||||||||||| 

Flo9p_BY4741    1101 ESDVCSKTASPAIVSTSTATINGVTTEYTTWCPISTTESKQQTTLVTVTS   1150 

Flo9p_S288C     1151 CGSGVCSETTSPAIVSTATATVNDVVTVYSTWRPQTTNEQSVSSKMNSAT   1200 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

Flo9p_BY4741    1151 CGSGVCSETTSPAIVSTATATVNDVVTVYSTWRPQTTNEQSVSSKMNSAT   1200 

Flo9p_S288C     1201 SETTTNTGAAETTTSTGAAETKTVVTSSISRFNHAETQTASATDVIGHSS   1250 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

Flo9p_BY4741    1201 SETTTNTGAAETTTSTGAAETKTVVTSSISRFNHAETQTASATDVIGHSS   1250 

Flo9p_S288C     1251 SVVSVSETGNTKSLTSSGLSTMSQQPRSTPASSMVGSSTASLEISTYAGS   1300 
|||||||||||||||||||||||||||||||||||||||||||||||||| 

Flo9p_BY4741    1251 SVVSVSETGNTKSLTSSGLSTMSQQPRSTPASSMVGSSTASLEISTYAGS   1300 

Flo9p_S288C     1301 ANSLLAGSGLSVFIASLLLAII*   1323 
||||||||||||||||||||||  

Flo9p_BY4741    1301 ANSLLAGSGLSVFIASLLLAII*   1323 

Fig. S5. Amino acid sequence alignment of Flo9p (S. cerevisiae S288C vs. BY4741) 
with 93% identity. 
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Table S1. Primers used in this study 

Primer Sequence Description Used 
with 

Expected 
size of 
PCR 

product 
Purpose: For preparing FLO9 insert 
DNA template: genomic DNA isolated from a SWORD clone 

CN0084 
5’- 
CCCAAGCTTATGTCTCTGGCACATTATTG
TTTAC -3' 

Forward (HindIII recognition 
site - underlined) CN0085 3,987 bp 

CN0085 
5’- 
TTTCCCGGGTTAAATAATTGCCAGCAATA
AGGACG -3’ 

Reverse (SmaI recognition 
site - underlined) CN0084 3,987 bp 

Purpose: For preparing DNA cassette (FLO9 from SWORD and hygromycin resistance gene) 
DNA template: Ligation reaction of pFA6a-hphMX6 and FLO9 insert 
CN0087 5’- ATGTCTCTGGCACATTATTG -3’ Forward; Located at nt1-20 

of FLO9 coding sequence CN0060 5,718 bp 

CN0060 

5’- 
TATTTAGCAAAGAAAAGATACACAGATAC
GTAAAAAGAACGCGAATTTTAATCGATGA
ATTCGAGCTCG -3’ 

Reverse: 50 bp downstream 
of FLO9 stop codon + 
homology sequence to 
pFA6a-hphMX6 (underlined) 

CN0087 5,718 bp 

Purpose: For yeast strain verification (sending out PCR products for DNA sequencing) 
DNA template: genomic DNA isolated from yeast ALD4::GFP (reference clone) transformed with DNA 
cassette (FLO9 from SWORD and hygromycin resistance gene) 

CN0086 5’- CCTGCCAAATTATTCTACCTTC -3’ 
Forward; Located at 150 nt 
upstream of FLO9 start 
codon 

CN0096 4,455 bp 

CN0096 5’- CTCAGTGGCAAATCCTAAC -3’ Reverse; Located at nt251-
269 of hphMX6 sequence CN0086 4,455 bp 

Sequencing primers 
CN0086 5’- CCTGCCAAATTATTCTACCTTC -3’ Forward; Located at 150 nt upstream of FLO9 start 

codon 
CN0087 5’- ATGTCTCTGGCACATTATTG – 3’ Forward; Located at nt1-20 of FLO9 coding sequence 

CN0088 5’- CCTGATAATATTACAGGGACTG -3' Forward; Located at nt601-622 of FLO9 coding 
sequence 

CN0089 5’- GTGTGACACTACCAGATG -3’ Forward; Located at nt701-718 of FLO9 coding 
sequence 

CN0091 5’- GACGAAACCGTGATTGTTATC - 3’ Forward; Located at nt2,401-2,421 of FLO9 coding 
sequence 

CN0092 5’- TGTTGTTGCACTGGTAACAG -3’ Reverse; Located at nt2,981-3,000 of FLO9 coding 
sequence 

CN0093 5’- AGTCAGGAAATTACTTCTTCATTACC -3’ Forward; Located at nt3,001-3,026 of FLO9 coding 
sequence 

CN0094 5’- GGTAGCACTGTTCATTTTAG -3’ Reverse; Located at nt3,581-3,600 of FLO9 coding 
sequence 

CN0095 5’- AGTGAGACAACAACCAATACTG -3’ Forward; Located at nt3,601-3,622 of FLO9 coding 
sequence 
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Table S2. Ald4p protein levels (at log-phase, saturation, and stationary phase) 
of SWORD clones, relative to those of ALD4::GFP reference clones 

Log phase cultures 
Band intensity (arbitrary unit) 

ALD4::GFP (SWORD) ALD4::GFP (Reference) 
Clone 4 Clone 5 Clone 8 Clone 2 Clone 3 Clone 5 

Exp 1 
Anti-GFP 3975.15 9150.75 11642.92 7010.68 7992.90 12901.41 
Anti-alpha tubulin 19399.84 24827.79 26761.64 21880.92 20259.09 18538.62 

Ratio 0.20 0.37 0.44 0.32 0.39 0.70 

Exp 2 
Anti-GFP 13530.47 8382.67 14822.37 12867.14 9172.92 10457.30 
Anti-alpha tubulin 32532.69 31128.28 30483.66 33137.61 31329.20 28796.89 
Ratio 0.42 0.27 0.49 0.39 0.29 0.36 

Exp 3 
Anti-GFP 13968.75 5537.02 10502.65 5849.17 9811.33 8300.82 
Anti-alpha tubulin 14915.81 14645.92 11944.58 9353.04 9226.38 16289.11 
Ratio 0.94 0.38 0.88 0.63 1.06 0.51 

Average 0.52 0.34 0.60 0.44 0.58 0.52 
SEM 0.22 0.03 0.14 0.09 0.24 0.10 

Average of 3 clones 0.49 0.52 
Fold-change 0.94 1.00 

1-day cultures 
Band intensity (arbitrary unit) 

ALD4::GFP (SWORD) ALD4::GFP (Reference) 
Clone 4 Clone 5 Clone 8 Clone 2 Clone 3 Clone 5 

Exp 1 
Anti-GFP 12341.61 11275.16 13743.15 16780.84 15424.58 14595.81 
Anti-alpha tubulin 27084.10 23569.22 30650.14 26158.41 25900.98 27394.46 
Ratio 0.46 0.48 0.45 0.64 0.60 0.53 

Exp 2 
Anti-GFP 6234.09 11348.71 8964.61 18024.44 11983.00 14458.33 
Anti-alpha tubulin 35462.45 31037.64 35469.59 31746.72 30499.03 26999.53 
Ratio 0.18 0.37 0.25 0.57 0.39 0.54 

Exp 3 
Anti-GFP 2292.28 7960.19 6397.58 5714.46 19303.23 19835.74 
Anti-alpha tubulin 18421.99 19429.64 21366.52 20039.74 22986.99 22076.94 
Ratio 0.12 0.41 0.30 0.29 0.84 0.90 

Average 0.25 0.42 0.33 0.50 0.61 0.66 
SEM 0.10 0.03 0.06 0.11 0.13 0.12 

Average of 3 Clones 0.33 0.59 
Fold-change 0.57 1.00 

5-day cultures 
Band intensity (arbitrary unit) 

ALD4::GFP (SWORD) ALD4::GFP (Reference) 
Clone 4 Clone 5 Clone 8 Clone 2 Clone 3 Clone 5 

Exp 1 
Anti-GFP 2364.81 2297.71 4289.46 13216.21 7598.95 13046.50 
Anti-alpha tubulin 18028.79 19048.82 19931.45 20540.67 13817.02 23086.28 
Ratio 0.13 0.12 0.22 0.64 0.55 0.57 

Exp 2 Anti-GFP 6649.25 10685.11 11315.76 20920.73 22727.96 18072.48 
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Anti-alpha tubulin 35460.33 30972.01 36950.23 34665.65 28654.48 29530.22 
Ratio 0.19 0.34 0.31 0.60 0.79 0.61 

Exp 3 
Anti-GFP 9761.11 7176.46 9708.48 10967.09 18613.08 11836.54 
Anti-alpha tubulin 16059.68 18021.02 18234.10 17890.00 16744.49 22316.49 
Ratio 0.61 0.40 0.53 0.61 1.11 0.53 

Average 0.31 0.29 0.35 0.62 0.82 0.57 
SEM 0.15 0.09 0.09 0.01 0.16 0.02 

Average of 3 Clones 0.32 0.67 
Fold-change 0.47 1.00 
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Table S3. Raw data of length distribution analysis of Ald4p-GFP structures 

Structure 
no. 

Length (μm) of Ald4p-GFP structures 
Reference Reference with FLO9 from SWORD SWORD 

1 0.706 0.434 0.288 

2 0.279 0.446 4.499 
3 0.487 0.238 0.981 
4 0.307 0.971 0.334 
5 0.784 1.113 0.206 
6 0.633 0.527 0.211 
7 0.578 0.453 0.197 
8 0.231 1.445 0.240 
9 0.439 0.407 0.181 
10 0.344 0.471 0.273 
11 0.269 0.739 1.602 
12 1.257 0.570 1.449 
13 0.521 0.240 1.084 

14 0.344 1.921 1.924 
15 0.181 0.501 2.200 
16 0.140 0.475 0.330 
17 0.547 0.189 0.176 
18 0.566 1.541 0.627 
19 0.641 0.351 0.156 
20 0.700 0.865 0.185 
21 0.309 0.452 0.868 
22 0.670 0.203 1.123 
23 0.340 0.907 0.199 
24 0.834 1.050 0.902 
25 0.521 0.372 1.361 

26 0.692 1.861 3.303 
27 0.620 0.900 3.392 
28 0.977 1.000 0.758 
29 0.275 0.397 1.297 
30 0.713 1.825 2.125 
31 0.241 0.702 0.215 
32 0.268 0.741 0.186 
33 0.189 1.852 1.684 
34 0.968 0.328 0.982 
35 0.250 0.312 0.243 
36 0.160 1.571 1.873 
37 0.949 1.781 2.480 

38 0.723 1.161 1.170 
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Structure 
no. 

Length (μm) of Ald4p-GFP structures 
Reference Reference with FLO9 from SWORD SWORD 

39 0.226 0.411 0.170 
40 0.680 0.448 0.241 
41 0.262 0.225 1.392 
42 0.240 1.489 0.149 
43 0.226 0.546 1.780 
44 0.279 0.605 2.722 
45 1.199 1.479 1.099 
46 0.278 0.645 0.258 
47 0.271 1.558 2.352 
48 0.587 1.033 0.799 

49 0.591 0.262 0.940 
50 0.844 0.304 3.208 
51 0.188 1.151 2.095 
52 0.397 1.326 2.555 
53 0.227 0.383 2.137 
54 0.246 0.343 0.165 
55 0.519 0.283 1.011 
56 0.877 0.638 0.870 
57 0.447 0.656 3.075 
58 0.719 0.399 0.127 
59 0.208 2.649 0.552 
60 0.245 1.175 0.253 

61 0.821 0.647 0.159 
62 0.860 0.722 1.926 
63 1.655 1.689 3.082 
64 1.400 1.057 0.718 
65 0.467 0.610 3.423 
66 1.575 0.535 0.257 
67 1.096 1.454 0.254 
68 0.225 0.969 0.229 
69 0.185 0.456 2.382 
70 0.305 0.383 2.298 
71 0.760 1.988 0.367 
72 0.279 1.276 0.232 

73 0.167 0.952 0.170 
74 0.509 0.239 0.174 
75 0.296 1.170 0.241 
76 1.070 0.398 0.252 
77 0.393 0.170 0.179 
78 1.243 2.088 0.732 

Biology Open (2023): doi:10.1242/bio.060070: Supplementary information

B
io

lo
gy

 O
pe

n 
• 

S
up

pl
em

en
ta

ry
 in

fo
rm

at
io

n



Structure 
no. 

Length (μm) of Ald4p-GFP structures 
Reference Reference with FLO9 from SWORD SWORD 

79 0.210 0.367 0.240 
80 0.331 0.762 1.156 
81 0.420 0.350 2.455 
82 0.299 1.157 0.996 
83 0.197 0.419 1.875 
84 1.056 1.589 0.149 
85 0.118 0.283 2.128 
86 0.169 0.345 0.167 
87 1.000 0.282 0.186 
88 0.569 1.048 1.814 

89 0.570 0.815 0.279 
90 1.843 1.232 0.256 
91 0.484 1.695 0.344 
92 0.253 1.814 0.176 
93 1.098 1.489 0.208 
94 0.450 0.215 0.205 
95 0.133 0.329 1.526 
96 0.280 0.347 1.925 
97 0.281 0.832 3.045 
98 0.282 0.721 0.182 
99 0.689 0.632 0.720 

100 0.234 1.963 0.256 

101 0.470 0.350 1.402 
102 1.167 0.600 0.457 
103 0.260 0.200 0.890 
104 0.287 0.598 0.259 
105 0.882 0.876 1.629 
106 0.334 1.125 0.216 
107 0.752 0.740 1.042 
108 0.277 1.147 1.503 
109 0.228 0.223 0.815 
110 0.411 0.609 0.442 
111 0.151 1.079 2.149 
112 0.251 0.569 0.247 

113 0.181 0.313 0.873 
114 0.158 0.708 0.209 
115 1.201 0.735 1.759 
116 0.222 0.184 1.176 
117 0.322 1.885 0.371 
118 0.328 0.366 0.780 
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Structure 
no. 

Length (μm) of Ald4p-GFP structures 
Reference Reference with FLO9 from SWORD SWORD 

119 0.960 1.639 3.292 
120 0.948 0.427 1.369 
121 0.400 1.177 2.169 
122 0.270 1.171 0.146 
123 0.507 1.678 0.715 
124 1.127 0.610 0.246 
125 0.226 0.457 1.937 
126 1.006 0.856 3.660 
127 0.198 0.176 1.914 
128 0.998 0.621 0.954 

129 1.453 0.685 1.267 
130 0.795 1.638 0.216 
131 0.617 1.401 0.918 
132 0.181 0.403 1.148 
133 0.393 0.364 0.303 
134 0.548 0.806 0.259 
135 0.512 1.553 0.449 
136 0.899 2.010 0.785 
137 1.633 0.480 2.786 
138 0.535 0.516 0.196 
139 0.917 1.254 0.686 
140 0.693 0.242 0.181 

141 0.175 0.475 0.482 
142 0.633 1.423 1.236 
143 0.616 0.878 2.749 
144 0.815 1.562 0.828 
145 0.889 0.710 0.242 
146 0.188 0.297 2.422 
147 0.194 1.009 1.847 
148 0.602 1.539 1.935 
149 0.811 0.987 1.559 
150 0.711 0.237 0.363 
151 0.812 0.516 0.156 
152 0.416 0.912 0.931 

153 0.468 0.746 2.738 
154 0.556 0.503 0.189 
155 1.726 0.646 0.377 
156 0.551 0.812 1.026 
157 1.312 2.301 1.005 
158 0.441 1.153 1.100 
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Structure 
no. 

Length (μm) of Ald4p-GFP structures 
Reference Reference with FLO9 from SWORD SWORD 

159 0.688 0.901 2.163 
160 0.951 0.205 0.169 
161 0.842 0.754 0.215 
162 0.481 0.309 1.007 
163 0.343 1.512 0.216 
164 0.303 0.754 2.897 
165 0.475 0.567 0.668 
166 0.773 0.524 2.423 
167 0.331 0.470 2.161 
168 0.515 0.568 0.566 

169 0.965 1.122 0.266 
170 0.811 0.492 0.162 
171 0.470 0.403 0.143 
172 0.203 0.674 0.147 
173 0.527 0.758 2.982 
174 0.285 0.314 1.329 
175 1.313 1.037 0.251 
176 0.669 0.684 1.720 
177 0.578 0.695 0.256 
178 0.256 1.802 2.082 
179 0.402 2.144 0.604 
180 0.260 1.537 0.196 

181 0.433 1.649 0.652 
182 0.180 2.285 0.398 
183 0.159 0.949 0.986 
184 0.634 1.010 1.460 
185 0.765 1.200 0.151 
186 0.758 1.338 0.783 
187 0.398 1.662 0.944 
188 0.503 0.686 0.703 
189 1.226 2.388 1.951 
190 1.092 0.516 0.881 
191 0.827 1.533 1.426 
192 1.111 0.243 2.307 

193 0.842 0.886 3.043 
194 0.903 0.290 3.370 
195 0.619 1.194 1.299 
196 0.446 2.520 0.188 
197 0.585 0.180 0.952 
198 1.203 0.515 2.727 
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Structure 
no. 

Length (μm) of Ald4p-GFP structures 
Reference Reference with FLO9 from SWORD SWORD 

199 0.199 1.069 3.337 
200 0.804 0.322 0.205 
201 0.191 0.644 0.212 
202 0.622 1.884 0.323 
203 1.069 0.508 0.274 
204 0.259 0.252 0.273 
205 0.255 0.583 0.517 
206 0.239 0.143 0.182 
207 0.610 0.232 2.216 
208 0.220 0.290 0.221 

209 0.273 0.511 0.896 
210 0.366 0.212 1.581 
211 1.021 0.316 0.706 
212 0.213 0.184 0.210 
213 0.500 0.728 0.141 
214 0.875 1.074 5.873 
215 0.143 0.626 0.200 
216 0.526 0.526 0.231 
217 0.308 1.102 1.055 
218 0.633 1.227 0.903 
219 0.864 1.056 3.029 
220 0.527 0.398 0.596 

221 0.210 1.022 1.812 
222 0.647 1.236 2.084 
223 0.267 1.566 0.180 
224 0.290 1.283 2.509 
225 0.454 0.534 2.521 
226 0.726 0.585 3.163 
227 0.399 0.366 2.366 
228 0.429 0.391 1.278 
229 0.143 2.161 1.117 
230 0.399 1.606 2.149 
231 1.230 0.465 0.424 
232 0.912 0.465 0.229 

233 1.076 0.199 0.195 
234 1.098 0.508 1.017 
235 0.429 1.120 0.498 
236 0.166 0.568 1.434 
237 0.485 0.864 0.623 
238 0.339 0.762 1.293 
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Structure 
no. 

Length (μm) of Ald4p-GFP structures 
Reference Reference with FLO9 from SWORD SWORD 

239 0.635 1.203 0.750 
240 1.096 1.198 4.558 
241 0.746 0.827 0.799 
242 0.444 1.000 0.536 
243 0.252 1.036 1.898 
244 0.329 0.749 0.777 
245 0.254 0.632 1.610 
246 0.224 0.362 1.680 
247 0.739 0.257 2.016 
248 1.076 0.481 3.075 

249 1.142 0.776 1.303 
250 0.994 0.902 4.180 
251 0.925 0.213 1.535 
252 0.862 0.967 0.619 
253 0.197 1.904 1.345 
254 0.359 0.906 3.238 
255 0.243 1.694 1.435 
256 0.238 0.226 1.263 
257 0.635 0.358 1.674 
258 0.205 2.480 0.146 
259 0.779 0.559 2.057 
260 0.626 0.260 3.050 

261 0.274 0.747 0.756 
262 1.365 0.313 0.653 
263 0.932 1.055 0.377 
264 0.334 0.350 4.254 
265 0.791 0.806 1.183 
266 0.633 0.472 0.809 
267 0.508 0.927 0.206 
268 0.597 1.496 2.186 
269 0.707 0.431 3.050 
270 0.481 0.959 0.554 
271 0.211 1.487 0.157 
272 0.252 1.139 1.515 

273 0.979 0.611 1.994 
274 0.312 0.639 0.459 
275 0.158 1.833 1.288 
276 0.828 1.322 0.412 
277 0.482 0.497 0.837 
278 0.781 0.807 1.685 
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Structure 
no. 

Length (μm) of Ald4p-GFP structures 
Reference Reference with FLO9 from SWORD SWORD 

279 0.763 2.094 0.384 
280 0.686 0.469 0.180 
281 0.544 1.124 1.170 
282 1.092 0.143 0.140 
283 0.241 0.326 0.211 
284 0.472 0.321 0.765 
285 0.613 0.352 3.107 
286 0.908 0.343 4.126 
287 0.315 0.569 0.889 
288 0.199 1.682 2.001 

289 0.464 2.135 0.457 
290 0.445 0.934 0.140 
291 1.061 1.075 1.552 
292 0.782 0.597 0.244 
293 0.457 1.077 1.809 
294 0.287 0.352 1.867 
295 1.212 1.785 0.266 
296 0.252 1.331 0.143 
297 0.922 1.765 1.069 
298 0.358 1.415 0.742 
299 0.515 1.129 0.855 
300 0.560 1.106 0.143 

301 0.552 0.856 0.418 
302 0.442 0.985 0.325 
303 0.223 2.300 0.197 
304 1.404 1.809 0.646 
305 0.460 0.143 0.832 
306 1.085 0.509 0.541 
307 0.890 0.613 1.230 
308 0.228 2.939 0.247 
309 0.424 0.515 1.233 
310 0.264 1.269 0.388 
311 0.569 0.403 2.455 
312 0.274 0.537 0.242 

313 0.225 0.509 0.115 
314 0.995 0.913 3.885 
315 0.278 0.583 1.601 
316 0.330 0.530 1.405 
317 0.351 1.264 0.274 
318 0.187 1.893 3.182 
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Structure 
no. 

Length (μm) of Ald4p-GFP structures 
Reference Reference with FLO9 from SWORD SWORD 

319 0.417 1.069 0.511 
320 0.293 1.053 0.602 
321 0.180 0.547 1.429 
322 1.302 0.143 0.821 
323 0.264 0.479 0.143 
324 0.564 0.621 0.461 
325 0.420 0.867 0.759 
326 0.237 0.409 0.502 
327 0.421 0.616 0.860 
328 0.222 2.805 0.320 

329 0.379 0.838 0.428 
330 1.165 1.603 2.336 
331 0.514 1.172 0.402 
332 0.588 0.518 2.335 
333 0.280 1.684 0.327 
334 0.468 1.154 4.550 
335 0.178 2.111 0.519 
336 0.542 0.489 3.497 
337 1.163 1.874 0.143 
338 0.161 0.740 0.154 
339 0.970 0.677 0.312 
340 0.178 0.322 3.243 

341 0.403 0.806 0.245 
342 0.335 0.548 1.572 
343 0.862 0.389 1.927 
344 1.031 2.794 0.227 
345 0.234 0.585 2.179 
346 1.660 1.537 0.550 
347 0.261 0.822 1.903 
348 2.367 1.033 0.885 
349 0.237 1.110 0.255 
350 0.181 0.531 1.601 
351 0.782 0.891 0.601 
352 0.870 0.205 0.345 

353 0.920 0.219 0.259 
354 0.545 1.902 0.924 
355 0.140 1.479 0.424 
356 0.451 0.390 4.225 
357 0.353 0.441 1.296 
358 0.383 1.396 1.128 
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Structure 
no. 

Length (μm) of Ald4p-GFP structures 
Reference Reference with FLO9 from SWORD SWORD 

359 0.204 0.202 2.465 
360 1.767 0.292 2.533 
361 0.218 0.366 2.367 
362 0.242 0.806 2.750 
363 0.191 0.803 0.273 
364 0.255 1.102 1.082 
365 0.324 1.031 0.993 
366 0.280 0.613 4.037 
367 0.430 0.427 2.861 
368 0.661 0.713 0.892 

369 0.659 0.617 0.341 
370 0.419 0.506 2.946 
371 0.721 1.082 3.273 
372 0.607 0.501 0.909 
373 0.426 1.868 0.704 
374 0.935 0.962 1.100 
375 0.866 0.399 1.383 
376 0.481 0.415 1.383 
377 0.927 0.213 0.171 
378 0.544 0.663 1.807 
379 0.679 0.920 2.340 
380 0.834 0.194 0.194 

381 1.087 1.097 1.197 
382 0.386 1.075 0.513 
383 0.390 1.412 1.453 
384 0.480 0.379 0.859 
385 0.573 0.681 0.199 
386 0.285 0.341 2.353 
387 0.407 1.336 0.330 
388 0.972 1.433 3.416 
389 0.318 1.088 1.227 
390 0.577 1.849 1.743 
391 0.470 1.632 3.115 
392 0.945 1.115 1.054 

393 0.498 0.382 0.907 
394 0.406 1.545 0.227 
395 0.407 0.514 0.239 
396 0.769 1.440 1.751 
397 0.613 1.390 1.347 
398 0.418 0.319 3.001 
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Structure 
no. 

Length (μm) of Ald4p-GFP structures 
Reference Reference with FLO9 from SWORD SWORD 

399 0.338 0.550 3.189 
400 0.402 0.237 2.189 
401 0.775 1.342 0.664 
402 0.534 1.197 0.372 
403 0.587 2.154 0.491 
404 1.443 1.090 0.315 
405 0.835 0.194 0.298 
406 0.932 0.585 0.904 
407 0.861 1.114 1.569 
408 0.328 0.606 0.763 

409 1.038 0.303 2.619 
410 0.140 1.702 3.102 
411 0.406 0.550 0.625 
412 0.425 1.103 0.220 
413 1.118 0.762 2.181 
414 0.830 1.483 3.765 
415 0.245 0.824 0.564 
416 1.336 1.060 0.225 
417 1.534 0.477 2.776 
418 1.223 0.756 4.105 
419 0.332 0.767 2.675 
420 0.220 1.873 2.863 

421 0.377 1.216 1.912 
422 0.273 0.430 2.548 
423 0.215 0.637 1.823 
424 0.480 0.775 1.770 
425 0.484 0.482 0.590 
426 0.355 1.692 0.629 
427 0.630 0.287 1.381 
428 0.235 1.137 0.413 
429 0.318 0.782 0.143 
430 0.299 0.230 1.337 
431 0.390 0.154 2.266 
432 0.408 0.180 0.428 

433 1.036 0.161 0.462 
434 2.205 0.438 0.183 
435 0.900 1.506 4.029 
436 0.261 0.599 1.933 
437 1.254 0.896 2.938 
438 0.353 0.431 2.363 
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Structure 
no. 

Length (μm) of Ald4p-GFP structures 
Reference Reference with FLO9 from SWORD SWORD 

439 0.317 1.056 2.625 
440 1.200 0.839 1.994 
441 0.690 1.090 3.166 
442 0.578 1.278 2.726 
443 0.558 0.912 0.323 
444 0.489 1.161 2.581 
445 0.556 0.248 0.297 
446 1.457 0.725 1.246 
447 0.215 0.487 2.638 
448 0.466 0.281 2.333 

449 0.754 0.636 2.351 
450 1.258 0.261 2.846 
451 1.051 0.329 3.849 
452 0.845 1.918 1.231 
453 0.515 1.725 3.462 
454 0.242 1.703 2.987 
455 0.423 0.825 0.143 
456 0.461 1.061 1.787 
457 0.658 2.023 2.032 
458 0.544 1.196 0.475 
459 0.537 1.336 0.297 
460 0.161 1.249 2.363 

461 0.579 1.784 2.933 
462 0.366 0.366 0.719 
463 0.515 0.668 0.998 
464 1.038 1.404 3.173 
465 1.058 0.519 3.123 
466 0.208 0.836 3.295 
467 0.315 0.834 3.667 
468 0.371 0.665 0.519 
469 1.269 1.246 3.119 
470 0.837 0.787 2.741 
471 0.403 1.027 3.398 
472 0.784 0.337 2.793 

473 1.113 0.352 2.384 
474 1.092 0.369 2.990 
475 0.327 0.436 1.006 
476 0.476 0.567 1.040 
477 0.327 0.411 3.085 
478 0.506 0.967 2.676 
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Structure 
no. 

Length (μm) of Ald4p-GFP structures 
Reference Reference with FLO9 from SWORD SWORD 

479 0.962 2.041 0.349 
480 0.418 1.281 2.931 
481 0.316 1.134 0.317 
482 0.371 1.142 2.572 
483 0.764 0.869 2.427 
484 0.360 0.332 0.882 
485 1.319 0.519 2.665 
486 0.210 0.794 0.445 
487 0.494 1.026 1.427 
488 0.912 0.731 3.535 

489 1.107 1.416 1.497 
490 1.458 1.902 1.516 
491 0.243 0.723 1.568 
492 0.417 0.929 1.340 
493 1.915 0.720 1.451 
494 0.469 0.337 3.186 
495 1.389 0.513 1.620 
496 0.288 1.334 1.397 
497 0.556 0.140 1.424 
498 0.390 0.616 2.649 
499 0.599 0.484 0.134 
500 0.785 0.690 1.333 

501 0.202 0.215 1.333 
502 0.581 0.572 1.098 
503 0.231 1.346 2.206 
504 0.516 1.278 1.161 
505 0.395 1.204 0.151 
506 0.678 0.328 2.078 
507 0.161 1.590 0.143 
508 0.916 1.001 1.744 
509 0.465 0.199 0.619 
510 0.593 0.821 0.180 
511 1.039 0.736 0.202 
512 0.290 1.243 0.265 

513 0.476 0.643 0.794 
514 0.190 0.957 1.316 
515 1.117 0.875 0.275 
516 1.005 0.563 1.138 
517 0.316 1.112 1.462 
518 1.892 0.623 0.335 
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Structure 
no. 

Length (μm) of Ald4p-GFP structures 
Reference Reference with FLO9 from SWORD SWORD 

519 1.313 0.398 0.646 
520 2.139 3.710 
521 0.520 0.458 
522 1.094 3.817 
523 0.478 1.810 
524 0.140 1.138 
525 1.325 2.376 
526 0.476 1.289 
527 0.259 0.654 
528 0.789 0.627 

529 0.668 0.143 
530 0.749 0.154 
531 1.087 2.719 
532 0.648 3.881 
533 1.354 2.474 
534 0.357 0.918 
535 1.093 1.062 
536 0.883 0.561 
537 0.745 0.441 
538 1.914 0.760 
539 0.812 0.577 
540 0.542 0.771 

541 0.656 3.699 
542 0.645 5.085 
543 1.687 2.744 
544 0.457 3.324 
545 0.510 3.620 
546 0.871 1.248 
547 0.830 1.115 
548 0.916 1.087 
549 1.539 0.576 
550 1.185 4.967 
551 0.823 3.700 
552 0.706 1.439 

553 0.166 3.460 
554 0.385 0.201 
555 1.275 3.440 
556 0.281 2.033 
557 1.306 1.436 
558 0.255 1.893 
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Structure 
no. 

Length (μm) of Ald4p-GFP structures 
Reference Reference with FLO9 from SWORD SWORD 

559 1.501 3.297 
560 1.596 1.029 
561 0.212 1.007 
562 1.273 2.696 
563 0.966 1.478 
564 0.695 2.062 
565 0.565 2.202 
566 0.499 3.296 
567 0.301 3.129 
568 0.227 1.420 

569 1.073 3.649 
570 1.935 3.001 
571 0.199 0.987 
572 0.382 1.242 
573 0.231 3.766 
574 0.993 1.686 
575 0.763 0.899 
576 2.087 3.541 
577 0.561 3.061 
578 0.427 3.205 
579 0.198 2.981 
580 0.394 1.629 

581 0.855 1.157 
582 2.319 1.519 
583 0.649 2.186 
584 0.871 3.584 
585 1.066 3.116 
586 0.644 0.623 
587 0.401 1.109 
588 0.586 0.801 
589 0.383 2.732 
590 1.493 0.256 
591 1.192 0.853 
592 1.445 1.497 

593 0.898 1.560 
594 2.403 0.933 
595 0.547 0.447 
596 0.675 2.939 
597 0.780 1.496 
598 0.790 0.490 
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Structure 
no. 

Length (μm) of Ald4p-GFP structures 
Reference Reference with FLO9 from SWORD SWORD 

599 1.089 1.252 
600 1.502 4.014 
601 1.203 2.197 
602 1.392 1.047 
603 0.611 3.511 
604 0.449 1.513 
605 0.234 2.760 
606 0.796 2.427 
607 1.911 3.580 
608 0.811 1.271 

609 1.205 5.324 
610 0.990 3.384 
611 1.772 1.970 
612 0.862 0.433 
613 1.495 3.221 
614 0.550 0.627 
615 0.193 1.600 
616 0.154 0.253 
617 2.166 2.245 
618 0.925 2.142 
619 0.456 
620 0.588 

621 1.362 
622 0.631 
623 1.768 
624 1.467 
625 1.042 
626 0.393 
627 0.881 
628 0.736 
629 1.822 
630 1.140 
631 0.938 
632 0.570 

633 1.248 
634 0.410 
635 1.502 
636 0.296 
637 0.706 
638 0.891 
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Structure 
no. 

Length (μm) of Ald4p-GFP structures 
Reference Reference with FLO9 from SWORD SWORD 

639 1.222 
640 0.587 
641 0.383 
642 1.188 
643 0.184 
644 1.279 
645 0.882 
646 0.409 
647 0.706 
648 1.364 

649 1.487 
650 0.964 
651 1.107 
652 0.588 
653 0.143 
654 0.352 
655 0.531 
656 0.777 
657 1.536 
658 0.842 
659 0.482 
660 0.590 

661 0.842 
662 0.703 
663 0.492 
664 1.011 
665 2.377 
666 1.956 
667 0.283 
668 1.616 
669 1.320 
670 0.180 
671 0.606 
672 0.514 

673 0.704 
674 0.366 
675 1.348 
676 0.413 
677 1.026 
678 0.752 
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Structure 
no. 

Length (μm) of Ald4p-GFP structures 
Reference Reference with FLO9 from SWORD SWORD 

679 0.703 
680 0.426 
681 1.110 
682 0.337 
683 0.585 
684 1.002 
685 1.552 
686 1.591 
687 0.523 
688 0.327 

689 0.863 
690 0.798 
691 0.392 
692 0.618 
693 1.413 
694 0.333 
695 0.394 
696 1.095 
697 0.748 
698 0.453 
699 0.906 
700 0.968 

701 1.642 
702 0.317 
703 0.216 
704 0.151 
705 0.178 
706 0.203 
707 2.177 
708 1.493 
709 1.190 
710 1.088 
711 0.262 
712 0.270 

713 2.665 
714 0.437 
715 0.904 
716 1.700 

Total 
number of 519 716 618 
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