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Supplemental Figures 

 

Figure S1. Sanger sequencing of cDNA from affected individuals 

Sanger sequencing of cDNA from RNA of affected individuals with variants (A) c.1301C>A, 

(p.(Ser434*)), (B) c.1889G>A, (p.(Trp630*)), (C) c.783G>T, (p.(Leu261Phe)) after reverse-

transcriptase (RT) PCR. In (A), the mutant allele (marked by red bar) is present in only a minor 

fraction, thus indicating nonsense mediated mRNA decay. This is in accordance with findings 

from RNA-sequencing in this individual, where a residual SCAF4 level of 39.2% compared to 

controls was observed (Table S2). In (B) and (C) both wild type (WT) and mutant allele can be 

equally observed (marked by red bar). However, RNA-sequencing in both individuals revealed 

residual SCAF4 levels of 29.6% for I9 and 60% for I11 (Table S2), respectively, indicating 

lower total SCAF4 expression in these individuals. 
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Figure S2. Analysis of the splice-site variant c.321+1G>T 

(A) RT-PCR with primers spanning exons 2 to 7 of SCAF4 revealed the occurrence of the WT 

isoform and three alternative splicing isoforms (S1, S2, S3) of SCAF4 in I1 with the variant 

c.321+1G>T (r.spl?) in the splice donor site of intron 4. The WT isoform is most prominent, the 

alternatively spliced transcripts are weakly expressed. (B) Sanger sequencing of SCAF4 

transcripts after agarose gel purification. In S1, all but the first 30 bps of exon 4 are missing. 

In S2, exon 3 and exon 4 (except the last 3 bps) are missing. In S3, exon 4 (except the first 



three bps), exon 5 and the first 53 bps of exon 6 are skipped. (C,D) Evaluation of RNA-

sequencing data of SCAF4 in I1 with the splice variant c.321+1G>T, where an increased 

expression of SCAF4 (>300%) was found (Table S2). (C) Sashimi Plot, and (D) BAM files, 

representing aligned reads, confirm aberrant splicing of exon 5 plus intron 4 retention. In 

addition, exons 2, 3 and 4 are less expressed than exons 5, 6 and 7. Reduced expression of 

WT allele and upregulated levels of shorter, novel, non-functional transcripts might therefore 

explain the increased SCAF4 expression in this individual. The Sashimi Plot was created using 

the IGV genome browser.1 

 

 

 

 

 

 

Figure S3. Analysis of the missense variant c.783G>T (p.(Leu261Phe)) 

(A) Conservation of amino acids around the missense variant c.783G>T (p.(Leu261Phe)). The 

position of the variant at amino acid 261 is indicated by a blue bar and highly conserved 

throughout all indicated species according to UCSC and depicted with clustal omega. (B) 

Prediction of the impact using Mutation Taster2, PP23, SIFT4 and M-CAP2.5 

Mut Taster: Mutation Taster; PP2: Polyphen 2. 

 



 

 

Figure S4. Validation of splicing analysis 

Experimental verification of altered splicing from RNA-sequencing by RT-PCR for two 

examples, ANKHD1 (MIM: 610500) and GPCPD1 (MIM: 614124). (A) In individuals with 

variants in SCAF4, the usage of a long isoform of ANKHD1 (ENST00000360839.7), containing 

exon 15, is decreased in comparison to controls. The usage of a shorter isoform 

(ENST00000246149.10), where exon 15 is spliced, is unchanged. (B) In individuals with 

variants in SCAF4, the usage of a short isoform of GPCPD1 (ENST00000418646.5), with two 

spliced exons in comparison to longer isoforms, is increased. The usage of a longer isoform 

(ENST00000379019.6) is unchanged. 

 

 

 



 

Figure S5. Confirmation of knockdown of CG4266 in Drosophila melanogaster 

We confirmed reduced CG4266 expression to ca. 60% for ubiquitous knockdown (actin-

Gal4/Cyo) using RNAi line 1 (BL#55354) and to 70% using RNAi line 2 (VDRC 26472) on 

surviving females. For male flies, lethality was observed. Quantitative real-time PCR was 

performed in technical quadruplicates. RQ values were calculated using the ΔΔCt method with 

controls as reference. Bars represent mean RQ values, Error bars depict ± (RQmax-RQmin)/2. 

 

 

 

 

0

0,2

0,4

0,6

0,8

1

1,2

control_1 RNAi_1 control_2 RNAi_2

R
Q



 

Figure S6. Normal locomotor activity of flies with pan-neural CG4266 knockdown 

The locomotor activity of flies with pan-neural (elav-Gal4/Cyo) CG4266 knockdown at 12-hour 

day/night rhythm was monitored using the Drosophila Activity Monitor (DAM) system 

(Trikinetics, Waltham, MA). (A) The average daily activity was plotted as density plots. (B) 

Average daily nighttime/daytime activity was plotted as bar charts with SEM. Locomotor 

patterns in terms of total activity and activity/rest rhythm of the flies were indistinguishable from 

their genetic background controls. 

 



 

Figure S7. Bang sensitivity assay of flies with CG4266 knockdown 

Quantification of number of flies shaking on the bottom of a vial 2 seconds after vortexing. Flies 

with pan-neuronal knockdown of CG4266 did not show bang sensitivity phenotypes. The 

diagram shows the mean value from a minimum number of 70 flies tested per genotype. Error 

bars represent the SEM. 
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Figure S8. Courtship conditioning paradigm of flies with pan-neuronal CG4266 

knockdown 

The courtship conditioning paradigm assays were performed as described previously.6 Pan-

neuronal knockdown of CG4266 using the elav-x;dicer II driver led to significant impairment of 

learning in RNAi line 2 and showed a similar tendency in RNAi line 1. The short-term memory 

was reduced significantly in RNAi line 1, while there was no effect in RNAi line 2. Graphs 

display number of animals tested below the columns per genotype. Error bars represent the 

SEM. Asterisks indicate statistical significance (*p < 0.05). 
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Table S1. Variant details 

 

TMCC1 
(NM_015008.5)
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c.578_579delA
G, 
p.(Glu193Alafs
*5); UGT3A1 
(NM_152404.3)
c.223C>G, 
p.(Gln75Glu) 



 

Table S2. RNA-sequencing and splice analysis (excel file) 

 

 

 

Table S3. Overview on Drosophila lines 

BDSC, Bloomington Drosophila Stock Center; VDRC, Vienna Drosophila Resource Center  

  

Fly Lines    

Name Notes Identfier Source 

actin-Gal4/Cyo ubiquitous, Chr.2 BL#4414 BDSC 

elav-x; dicer II pan-neuronal, Chr. X BL#25750 BDSC 

w+, dicer; 247-

Gal4/cyo 

mushroom body, 

Chr.2 

 colleagues 

elav-Gal4/Cyo pan-neuronal, Chr. 2 BL#8765 BDSC 

RNAi_1 CG4266 knockdown, 

Chr.2 

BL#55354 BDSC 

RNAi _2 CG4266 knockdown, 

Chr.2 

v26472 VDRC 

control_1 CG4266 knockdown 

control, Chr.2 

BL#36304 BDSC 

control_2 CG4266 knockdown 

control, Chr.2 

v60000 VDRC 



Supplemental Material and Methods 

RNA-sequencing and transcriptome/splice analysis 

RNA from peripheral blood from four individuals with SCAF4 variants (I1, I4, I9, I11) was 

collected and extracted with the PaxGene system (PreAnalytiX, BD and Qiagen, 

Hombrechtikon, Switzerland). Using the TruSeq Stranded mRNA Kit (Illumina, San Diego, CA, 

USA), a cDNA library was constructed and sequenced (101 bp) paired-end on a HiSeq2500 

Platform (Illumina, San Diego, CA, USA). Raw data were converted into reads and saved with 

a quality score (bcl2fastq v2.17). Reads were trimmed and filtered using cutadapt v1.18 and 

the abundance of individual transcripts was quantified using salmon v1.07; 8 together with the 

GENCODE GRCh38 version 32 gene reference including decoy sequences. Subsequent 

analyses were performed using R version 3.6.1.9 Differential expression analysis was 

performed with the DESeq2 package v.1.24.0.10 For the analysis of differentially used 

transcripts and the visualization of the output, the IsoformSwitchAnalyzeR package was 

used.11-13 

Quantitative real-time PCR of CG4266 RNAi fly lines  

To confirm reduced CG4266 expression for ubiquitous knockdown (actin-Gal4/Cyo) using both 

RNAi-lines (RNAi_1, BL#55354 and RNAi_2, vdrc 26472), quantitative real-time PCR was 

performed. Per sample, five surviving female flies were collected and frozen at -80°C for one 

hour. Total RNA was isolated according to the RNeasy Lipid Tissue Mini Kit (Qiagen), except 

that QIAzol was substituted by TRIzol™ (ThermoFisher Scientific). QIAshredder columns 

(Qiagen) were used for homogenization. cDNA was synthesized using a SuperScript™ II 

reverse transcriptase (ThermoFisher Scientific) and random primers. Expression analysis for 

CG4266 was performed with exon-spanning primers (primer sequences available on request) 

using the PowerUp™ SYBR™ Green Master Mix (ThermoFisher Scientific) on a 

QuantStudio™ 12K Flex System (Life Technologies). Actin was used as an endogenous 

control, fly lines with the same genetic background but lacking the dsRNA element were used 

as reference. Quantitative real-time PCR was performed in technical quadruplicates. RQ 

values were calculated using the ΔΔCt method with controls as reference. 



Neuromuscular junctions 

Analysis of type 1b neuromuscular junctions (NMJs) of muscle 4 was performed as described 

previously.14 CG4266 RNAi lines and corresponding genetic background control lines were 

crossed to the UAS-dicer-II;elav-Gal4 (pan-neuronal) driver line. Briefly, male L3 larvae were 

dissected, fixated in 4% paraformaldehyde and stained with nc82 and anti-dlg antibodies 

(Developmental Studies Hybridoma Bank). Secondary antibodies used were Alexa 488 labeled 

anti mouse antibody and the Zenon® Alexa Fluor 546 Mouse IgG1 Labeling Kit (Life 

Technologies). Images were taken with a Zeiss Axio Imager Z2 microscope with 10x and 63x 

objectives, and NMJ pictures were subsequently stacked and analyzed in ImageJ. Synaptic 

area and length and numbers of synaptic branches, boutons, and active zones were 

determined, blinded to the genotype. For each genotype, at least 20 NMJs from a total of five 

to eight different animals were analyzed.  

 

Locomotor activity profiling 

The locomotor activity was analyzed with the Drosophila Activity Monitor system (DAM; 

Trikinetics, Waltham, MA). Three to five days old single male flies were transferred to monitor 

tubes with standard food. Activity data were collected every minute over the course of four 

days with a 12-hour light/dark cycle. Activity counts represent the amount of infrared beam 

passes by the fly. The analysis was performed using the ShinyR-DAM tool 

(https://karolcichewicz.shinyapps.io/shinyr-dam/).15 

 

Bang sensitivity assay 

Bang sensitivity is characterized by paralysis and hyperactivity after a mechanical shock and 

can be induced by vortexing at maximal strength for 10 seconds.16 The bang sensitivity assay 

was performed as described previously.6 CG4266 lines and the corresponding genetic 

background control lines were crossed to the elav-Gal4/Cyo (pan-neuronal) driver line. A 

minimum of 70 flies per genotype and matching control were collected 0-48 hours after 

eclosion under CO2 anesthesia in groups of 10 (balanced male/female ratio) and kept in normal 



food vials for 24 hours. After transferal to testing vials and an adjustment time of one minute, 

flies were vortexed for 10 seconds. The number of flies displaying paralysis or spasms two 

seconds after vortexing was assessed.  

 

Climbing assay 

The climbing assay was carried out as described by Palladino et al. with some modifications.6; 

17 CG4266 RNAi lines and the corresponding genetic background control lines were crossed 

to the elav-Gal4/Cyo (pan-neuronal) driver line. A minimum of 170 flies per genotype and 

matching control, respectively, were collected and prepared for trial as described for the bang 

sensitivity assay. After transferal to testing vials and an adjustment time of one minute, flies 

were tapped to the bottom of the vial and videotaped for 30 seconds. From the tapes, time was 

measured until 70% of flies had climbed 8.8 cm.  

 

Courtship conditioning paradigm 

The courtship conditioning paradigm assays were performed as described previously.6 Flies 

were kept at 25°C and 70% humidity at a 12:12 light–dark cycle. Virgin males were trained 

individually by pairing them with premated females. Learning and short-term memory were 

tested immediately or one hour after a training period of one hour, respectively. The courtship 

index (CI), the percentage of time each male spent courting a non-receptive female was 

manually assessed from 10 minutes movies. By comparing the CI of naïve and trained males 

a learning index (LI) was calculated: LI = (CInaive – CItrained) / CInaive. Differences between 

learning indices of control and CG4266 knockdown flies were statistically compared by a 

randomization test with 10,000 bootstrap replicates with a custom R script.14 
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