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Supplemental Material and Methods

Whole-Exome Sequencing (WES) and bioinformatic angkis

Genomic DNA was isolated from saliva using the @ragddNA extraction Kkit
(DNAgenotech®, Ottawa, Canada). Coding regions amtton/exon boundaries were
enriched using the “all Exon V5 kit“ (Agilent Teoblogies, Wokingham, UK). DNA
sequencing was undertaken at the Genoscope, Evayicé& on the HiSeq 2000 from
lllumina®. Sequence reads were aligned to the eefs¥ genome (hgl9) using MAGIC
MAGIC produces quality-adjusted variant and refeeeread counts on each strand at every
covered position in the genome. Duplicate readsraads that mapped to multiple locations
in the genome were excluded from further analyRasitions whose sequence coverage was
below 10 on either the forward or reverse strandewmarked as low confidence, and
positions whose coverage was below 10 on both ddravere excluded. Single nucleotide
variations (SNV) and small insertions/deletionsdéls) were identified and quality-filtered
using in-house scripts. Briefly, for each varianependent calls were made on each strand,
and only positions where both calls agreed werairetl. The most promising candidate
variants were identified using an in-house bioinfatics pipeline, as follows. Variants with a
minor allele frequency greater than 5% in the NHUB3P6500 [Exome Variant Server,
NHLBI GO Exome Sequencing Project (ESP), Seattl&] \WWr in 1000 Genomes Project
phase 1 dataséfs or greater than 1% in ExAC or gnomAD
(http://gnomad.broadinstitute.ojgiere discarded. We also compared these variarga in-
house database of 94 control exomes obtained fudjeds from North Africa (n=60) and
the Middle East (n=34), corresponding to the geglgical origin of most individuals in this
study and which is under-represented in public SMERbases. All these control subjects
presented a sperm phenotype clearly different @aamia) from those of the MMAF
patients. All variants present in homozygous statthis database were excluded. We used
Variant Effect Predictor (VEP version 1o predict the impact of the selected variants. We
only retained variants impacting splice donor ocegdor sites or causing frameshifts, in-
frame insertions or deletions, stop gain, stop twssiissense variants except those scored as
“tolerated” by SIFY (siftjecviorg) and as “"benign® by  Polypheh-2
(genetics.bwh.harvard.edu/pph2). To predict theaichpf mutations within the’5and 3
splicing consensus, we used the Human Splicingdfiadrver v 3.0. All steps from sequence
mapping to variant selection were performed udiegExSQLibur pipeline.
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Figure S1.Relative mRNA Expression of humanCFAPG9 transcripts. CFAP69 mRNA
levels in a panel of human normal tissues. Resuétpresented as the mean of triplicates
(ratio target gene/ACTB) + Standard Deviation (SRJ-gPCR data were normalized using
the reference gene ACTB-with th&®ACt method. Brain expression is arbitrary set tim1.
human,CFAPG9 has the strongest expression in testis comparethé&r organs. Unpaired t-
test, ***P< 0.001.
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Figure S2. Electropherograms of Sanger sequencingorf the two CFAP69-mutated
individuals compared to reference sequence.
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Figure S3. RT-PCR analyses on peripheral whole blabcells from CFAP69 ; patient
showing mRNA decay.RT-PCR analysis of CFAP69 patients with the ¢.860+1G>A and
control subjects from the general population (Cdl @2). (A) Electrophoresis showing the
RT-PCR amplification of CFAP69 exons 12-13. C1 @adcontrols yield a normal fragment
of 282 bp, whereas patient CFAP&8hows no amplification. There is no amplificatioan
the RT-negative control (Blank). (B) Electrophemgrshowing the amplification of the same
cDNAs amplified with GAPDH primers. Bands of equest intensity are obtained from all
samples except the RT-negative control (Blank).
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Figure S4. Axonemal inner and outer dynein arms arenot affected by the absence of
CFAPG9. (A) Sperm cells from fertile controls and CFAPS$tained with anti-DNALI1
(Green), which detects a protein located in thesirdynein arm, and anti-acetylated tubulin
(red) antibodies. DNA was counterstained with He¢&8342. (B) Sperm cells from a fertile
control and CFAPG69 stained with anti-DNAH5 (Green), which detectsrat@in located in
the outer dynein arm, and anti-acetylated tubulad) antibodies. DNA was counterstained
with Hoechst 33342. Immunostaining for DNALI1, DNA were comparable with
controls, suggesting that outer dynein arn@DAs) and inner dynein arms (IDAS)
respectively were not directly affected by mutaian CFAP69. Scale bars 10um.
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Figure S5. Normal acrosome development and nuclealongation can be observed in

testes of Cfap69 KO mice. Transmission electron micrographs of spermatidsindur
spermiogenesis. Yellow arrows indicate the acrosand yellow “N” indicates the nucleus.
Scale bars: C and D, 1 pum.
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Figure S6.Schematic cross-section of human sperm flagellar axoneme and localization of MMAF-related proteins. The outer and inner
dynein arms, nexin-dynein regulator complex (N-DRC) and radial spokes are attached to the nine outer doublet microtubules. The 5-6 bridge
likely links the outer doublet microtubules 5-6 and potentially with other extra-axonemal structures. Genes formally identified for the MMAF

phenotype in human are reported in red.
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Table S1. Average semen parameters in different genotype pgrdor the 78 included

MMAF subijects in the present study.

MMAF with MMAF with other
Semen parameters CFAP69 mutation
n=2 n=22 n=78
46.5+6.3 39.8+7 416+7.7
Mean age (years)
(n=2) (n'=21) (n=77)
4.5+0.7 3.4£1.2 3.5+1.4
Sperm volume (ml)
(n'=2) (N'=20) (n'=75)
Sperm concentration (¥/nl) S+l4 20.1+1838 25.6+32.1
(n'=2) (n'=20) (n'=75)
Total motility 1 h 55+6.3 0.7+24 3.9+5.6
(n'=2) (n'=21) (N'=76)
Vitality 375+ 346 50.5+22.7 52.7 +20
(n=2) (n'=19) (n=72)
685 05+23 1.6+27
Normal spermatozoa
(n'=2) (n'=20) (n'=61)
Absent flagella 65+78 28.1+14.4 20.7+15.7
(n'=2) (n'=15) (n'=66)
Short Flagella 46 £46.7 57.1+27.9 43.7£27.3
(n'=2) (n'=19) (N=72)
Coiled Flagella 4142 10.4+£6.6 12.8+9.4
(n'=2) (n'=16) (n'=69)
8.7+58
Bent Flagella 25%3.5 42+8.4
(n'=2) (n'=6) (=26)
i : 4+£42 279+194 31.7+251
Flagella of irregular caliber
(n=2) (n'=15) ('=67)
Tapered head 10.5+13.4 22.5+29 16.5 + 20.2
(n'=2) (n'=13) (n'=68)




Thin head 25,5+ 16.2 10.8 +13.7 11.1+134
(n'=2) (n'=13) (n'=65)
. . 05+0.7 3.8+24 43+48
Microcephalic
(n'=2) (n'=14) (n'=67)
Macrocephalic 0 0.15+x0.5 06+1.8
(n'=2) (n'=13) (n'=66)
Mutliple heads 0 19+4 1.9+37
(n'=2) (n'=15) (n'=67)
Abnormal base 21+8.5 36.3+26.4 31.2+20.8
(n'=2) (n'=13) (n'=64)
. 67 £4.2 58.3+ 315 61.9 + 26.7
Abnormal acrosomal region
(n'=2) (n'=15) (n'=68)

2 Other mutations correspond to individuals mutare@FAP43, CFAP44 and DNAH1Values are percentages
unless specified otherwise. Values are mean +/-r8Dptal number of individuals in each group; mamber of

individuals used to calculate the average basealaitable data.



Table S2. Primer sequences used for Sanger sequeartcierification of CFAPG9 variations and respective melting temperatures (Tm)

Primer names

Primer sequences (5'-3’) m

CFAPG9-Ex8F| AAAAATGTCAATATTGTAAAGCACAAA

CFAPG9-Int8R| TGTGGCTTGTTATTGTGCAG

58°C

Table S3. Primers used for RT-gPCR ofCFAPG9 in human.

Primer names

Primer sequences (5'-3’) m

CFAP69-RTqPCR-Ex12k

FATTGACTGGTCTGCAGCACA

CFAP69-RTgPCR-Ex13H

RACTGTAACGCATCTGGGCAA

60°C

GAPDH-RTqQPCR-F

AGCCACATCGCTCAGACAC

GAPDH-RTgPCR-R

GCCCAATACGACCAAATCC

60°C

Table S4. Primer sequences used in huma&@FAPG9 RT-PCR and respective melting temperatures (Tm).

Primer names Primer sequences (5-3’) m
CFAPG69-RT-EX7F TTCTGCAGCATCTCTCAACTTC570 C
CFAP69-RT-Ex10R CAAATCCTTGGTAAAGCCACA

Table S5. AlICFAPG9 (C7orf63) variations identified by WES.

: Variant Canonical cDNA Amino acid . . Allelic
Gene | Patients . : - e Exon | Nationality
coordinates Transcripts Variations variations status
CFAPE9 | CFAP69, | chr7:89901273 | ENST00000389297| ¢.860+1G>A | splice_donor_variant 8 Iranian Homozygous
CFAPG9 | CFAP69, | chr7:89901175 | ENST00000389297| ¢.763C>T p.GIn255Ter 8 Tunisian Homozygous
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