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Figure S1. Pedigrees of affected individuals with KLHL41 mutations. The segregation of KLHL41
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Figure S2. Conservation of substituted residues and the surrounding regions in vertebrates.
KLHL41 sequences were aligned using ClustalW. The missense changes affected amino acid residues that
are highly conserved across species (203-1 and D10-236). The regions surrounding the single amino acid
insertion and deletion are also highly conserved in all vertebrates (832-1 and D10-236). All species
contain one KLHL41 gene, whereas two duplicated copies are present in the zebrafish genome.
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Figure S3. Modeled structures of the substituted BTB-BACK and Kelch domains. (A and B) The
wild-type (left) and mutated (right) structures of the BTB-BACK domain of human KLHL11 in complex
with Cul3 (PDB code 4AP2) (A) and the Kelch domain of rat KLHL41 (PDB code 2WOZ) (B). a-helices,
B-strands and loops are drawn as ribbons, arrows and threads, respectively. The point-mutated structures

were constructed based on their wild-type structures using FoldX software. Colors are the same as Figure
1.
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Figure S4. KLHLA41 is primarily localized in sarcompasmic reticulum-endoplasmic-reticulum
membranes (SR-ER) in cultured myofibers. Cultured murine FDB myofibers were co-immunostained
with KLHLA41 (green) and skeletal muscle markers (red), visualized by confocal microscopy and Z-stacks
were obtained. (A) Confocal Z-stack of a myofiber showed localization of KLHL41 in perinuclear area
(arrows) and in a striated pattern primarily co-localizing with RYRI1. (B) Single frames in the middle of
myofibers show that most of the KLHL41 appears co-localized with a-actinin (Sigma, A7811, clone EA-
53) and actin (Sigma, alexa fluor 546 phalloidin, A22283) over I-bands. Immunostaining with RYR1
(Sigma, R129 clone 34C) and protein disulfide isomerase (Abcam, ab2792) show localization of KLHL41
in the SR-ER domains. At right are single channel desitometry tracings from seven representative
sarcomeres with colors corresponding to staining patterns at left. (C) Schematic diagram depicting
localization of KLHL41 in relation to the contractile apparatus and nuclei. KLHL41 (shown as green
balls) localizes to perinuclear regions where ER is present, and between myofibrils at the triadic regions
and longitudinal vesicles of the SR spanning the [-band, corresponding to ER microdomains within the
SR of myofibers. Scale bar =5 pm.
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Figure SS. KLHL40 and KLHLA41 are is localized in sarcompasmic reticulum-endoplasmic-
reticulum membranes in human skeletal muscle. Frozen transverse sections of control human skeletal
muscles were immunostained with KLHL40 (Sigma, HPA024463) or KLHL41 (Sigma, AV38732) with
RYRI1 antibodies, visualized by confocal microscopy and Z-stacks were obtained. Single frames in the
middle of the section shows that KLHL40 and KLHL41 are co-localized with RYRI. Scale bar = 10 um.
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Figure S6. Expression of KLHL41 in myoblasts and mouse tissues. (A) Western blot analysis of
KLHL41 in murine tissues showed high protein levels in skeletal muscle and diaphragm but not other
tissues. GAPDH and sarcomeric actin mmunoblotting were used as the loading controls. Lanes: (1)
C2C12 DO myoblasts, (2) C2C12 D2 myotubes (3) C2C12 D4 myotubes (4) C2C12 D6 myotubes. (5)
Post natal day 2 C57BL/6 gastroc, (6) 8 week C57BL/6 gastroc (7) 8 week C57BL/6 EDL (8) 8 week
C57BL/6 soleus (9) 8 week C57BL/6 diaphragm (10) 8 week C57BL/6 heart (11) 8 week C57BL/6
masseter (12) 8 week C57BL/6 brain (13) 8 week C57BL/6 lung (14) 8 week C57BL/6 liver. (B)
Immunofluorescence shows KLHL41 is present in myoblasts (nuclear) as well as myotubes
(cytoplasmic).




Figure S7. Skeletal muscle histology of klhl41 morphant fish at 3 dpf. Toluidine blue staining of
semithin sections (1 um) of wild-type and k/h/41 morphant fish. Klh/41a morphant fish showed extensive
sarcomeric disorganization. K/h/41b morphant skeletal muscle is less severely affected in comparison to
klhl41a fish but still shows areas that lacked the level of sarcomeric organization seen in wild-type
muscles. K/hla and klhl4/b double morphant fish exhibit greater myofibrillar disarray. In addition, several
core like areas lacking any sarcomeric components were also observed in double knock down fish (white
arrow). Scale bar =20 um.



Human KLHL41 MDSQRELAEELRLYQSTLLQDGLKDLLDEKKFIDCTLKAGDKSLPCHRLI 50

Mouse Klhl41l MDSQRELAEELRLYQSTLLQDGLKDLLEEKKFIDCTLKAGDKSFPCHRLI 50
Human KLHL40 MALGLEQAEEQRLYQQTLLQDGLKDMLDHGKFLDCVVRAGEREFPCHRLV 50
Mouse K1hl40 MTLGLEQAEEQRLYQQTLLQDGLKDMLDHGKFLDCVVRVGEREFPCHRLV 50
* * kkk hkkk hkkkkhkkkhkgks kkgkk ss ko skkkkkg
Human KLHL41 LSACSPYFREYFLSEIDEAKKKEVVLDNVDPAILDLIIKYLYSASIDLND 100
Mouse Klhl4l LSACSPYFREYFLSEIEEEKKKEVALDNVDPAILDLIIKYLYSASIDLND 100
Human KLHL40 LAACSPYFRARFLAEPERAG--ELHLEEVSPDVVAQVLHYLYTSEIALDE 98
Mouse K1hl40 LAACSPYFRARFLAEPDSAG--EVRLEEVSPDVVSQVLHYLYTSEIALDE 98
kgkkhkhkkkk kkgk o kg kgpak % g9 ssskkkge ok kg
Human KLHL41 GNVQDIFALASRFQIPSVFTVCVSYLQKRLAPGNCLAILRLGLLLDCPRL 150
Mouse Klhl4l GNVQDIFALSSRFQIPSVFTVCVSYLQKRLAPGNCLAILRLGLLLDCPRL 150
Human KLHL40 ASVQDLFAAAHRFQIPSIFTICVSFLQKRLCLSNCLAVFRLGLLLDCARL 148
Mouse K1hl40 ASVQDLFAAAHRFQIPSIFTICVSFLQKRLCLANCLAVFRLGLLLDCARL 148
coekkhakk 3 hhkhkkkhkghkkghhkkghhkhk  hkkokg sokkhkokkohhkok  dhk
Human KLHL41 AISAREFVSDRFVQICKEEDFMQLSPQELISVISNDSLNVEKEEAVFEAV 200
Mouse Klhl41l AISAREFVSDRFVQICKEEDFMQLSPQELISVISNDSLNVEKEEVVFEAV 200
Human KLHL40 AVAARDFICAHFTLVARDADFLGLSADELIAIISSDGLNVEKEEAVFEAV 198
Mouse K1hl40 AVAARDFICARFPLVARDNDFLGLSADELIAIISSDGLNVEKEEAVFEAV 198
kgakkgky * t.3: Khkg kk akkkgakk Kk hkkhkhkhkk hkkhk
Human KLHL41 MKWVRTD-~-~~KENRVKNLSEVFDCIRFRLMTEKYFKDHVEKDDIIKSNP 246
Mouse Klhl41l MKWVRTD-~~~KENRAKNLSEVFDCIRFRLMAEKYFKDHVEKDDIIKSNP 246
Human KLHL40 MRWAGSGDAEAQAERQRALPTVFESVRCRLLPRAFLESRVERHPLVRAQP 248
Mouse K1hl40 MRWASSGDAEAQAERQRALPTVFESVRCRLLPRAFLETRVERHPLVRSQP 248
ki, 3. ok 3k, kkg o gk kkp,, sps shR:, sorig¥
Human KLHL41 DLQKKIKVLKDAFAGKLP- --EPSKNAAKTGAGEVNGDVGDED 286

Mouse Klhl41l EVQKKIKVLKDAFAGKLP == == == == EPSKNAEKAGAGEVNGDVGDED 286
Human KLHL40 ELLRKVQMVKDAHEGRITTLRKKKK--GKDGAGAKEADKGTSKAKAEEDE 296
Mouse K1h1l40 ELLRKVQMVKDAHEGRLTTLRKKKKEKGEQTARAKEANQGTEDTKAEDDE 298
$3 sRspoaRRR, kpg, : * s, % . .. 333
Human KLHL41 ====LLPGYLNDIPRHGMFVKDLILLVNDTAAVAYDPTENECYLTALAEQ 332
Mouse Klhl41l ====LLPGYLNDIPRHGMFVKDLILLVNDTAAVAYDPMENECYLTALAEQ 332
Human KLHL40 EAERILPGILNDTLRFGMFLQDLIFMISEEGAVAYDPAANECYCASLSNQ 346
Mouse K1h140 --ERVLPGILNDTLRFGMFLQDLIFMISEEGAVAYDPAANECYCASLSTQ 346
shkk kkk ok hkkgahhhgas, s  hhkkkk  hhkk gakg K
Human KLHL41 IPRNHSSIVTQONQIYVVGGLYVDEENKDQPLQSYFFQLDSIASEWVGLP 382
Mouse Klhl41l IPRNHSSLVTQQONQVYVVGGLYVDEENKDQPLQSYFFQLDNVTSEWVGLP 382
Human KLHL40 VPKNHVSLVTKENQVFVAGGLFYNEDNKEDPMSAYFLQFDHLDSEWLGMP 396
Mouse K1h1l40 IPKNHVSLVTKENQVFVAGGLF YNEDNKEDPMSAYFLQFDHLDSEWLGMP 396
shakk kokkgokhgok kkkg shgkkgaokg skkghkgk o kokk gk gk
Human KLHL41 PLPSARCLFGLGEVDDKIYVVAGKDLQT~-EASLDSVLCYDPVAAKWNEVK 431
Mouse Klhl41l PLPSARCLFGLGEVDDKIYVVAGKDLQT-EASLDSVLCYDPVAAKWSEVK 431
Human KLHL40 PLPSPRCLFGLGEALNSIYVVGGREIKDGERCLDSVMCYDRLSFKWGESD 446
Mouse K1hl40 PLPSPRCLFGLGEALNAIYVVGGRELKDSEDSLDSVLCYDRLSFKWGESD 446
hhkkk hhkkhkhkkkdk 2 khkkk Kkgaas *  kkkkgkkk g2 kk Kk
Human KLHL41 KLPIKVYGHNVISHKGMIYCLGGKTDDKKCTNRVFIFNPKKGDWKDLAPM 481
Mouse Klhl4l NLPIKVYGHNVISHNGMIYCLGGKTDDKKCTNRVFIYNPKKGDWKDLAPM 481
Human KLHL40 PLPYVVYGHTVLSHMDLVYVIGGKGSDRKCLNKMCVYDPKKFEWKELAPM 496
Mouse K1h1l40 PLPYAVYGHTVLSHMDLVYVIGGKGKDRKCLNKMCVYDPKKFEWKELAPM 496
* % khkkk Kkpkk _wsak skkk _kpkk Kkyp3 prikkk phkkghkkhkk
Human KLHL41 KIPRSMFGVAVHKGKIVIAGGVTEDGLSASVEAFDLTTNKWDVMTEFPQE 531
Mouse Klhl41l KTPRSMFGVAIHKGKIVIAGGVTEDGLSASVEAFDLKTNKWEVMTEFPQE 531
Human KLHL40 QTARSLFGATVHDGRIIVAAGVTDTGLTSSAEVYSITDNKWAPFEAFPQE 546
Mouse K1lhl40 QTARSLFGATVHDGRIFVAAGVTDTGLTSSSEVYSIADNKWTSFEAFPQE 546
T LRk gkk sak hek ok hhkky kkgak Kk o o * %k : %k ok
Human KLHL41 RSSISLVSLAGSLYAIGGFAMIQLESKEFAPTEVNDIWKYEDDKKEWAGM 581
Mouse Klhl4l RSSISLVSLAGALYAIGGFAMIQLESKEFAPTEVNDIWKYEDDKKEWAGM 581
Human KLHL40 RSSLSLVSLVGTLYAIGGFATLETESGELVPTELNDIWRYNEEEKKWEGV 596
Mouse K1hl40 RSSLSLVSLAGTLYALGGFATLETESGELVPTELNDIWRYNEDEKKWEGV 596
khkkohkhkhkk Khohkhkkghhkhkdk g3 *k kg khkkgkkkhkghkgaaakgk kg
Human KLHL41 LKEIRYASGASCLATRLNLFKLSKL 606
Mouse Klhl41l LKEIRYASGASCLATRLNLFKLSKL 606
Human KLHL40 LREIAYAAGATFLPVRLNVLCLTKM 621
Mouse K1hl40 LREIAYAAGATFLPVRLNVLRLTKM 621
Kok KXoKkK: KX KKK Kaw

KELCH REPEATS
Potential NLS determined by NucPred

Figure S8. Protein sequence alignment of human and mouse KLHL40 and KLHL41. Protein
sequence alignment of human and mouse KLHL40 and KLHL41 was performed using ClustalW.
Upstream of Kelch repeats (highlighted in yellow), KLHL40 contains a nuclear localization sequence
(NLS, highlighted in grey) that is absent in KLHL41.



Table S1: Primer sequences for cloning zebrafish in-situ hybridization probes.

Gene | Primer sequences
klhl41a | Forward primer: 5>CCCCCTCGAGGAGGAGGACAAGAAGCAGTGG3’
Reverse primer: 5>CCCCGGATCCTGATGAATGCAGGAGAGATGG3’
klhl41b | Forward primer: 5>CCCCCTCGAGGGAGCGCAGCTCTGTGAAT?’

Reverse primer: 5’>CCCCGGATCCTACCTTATCTTGCATACGTGGTTC3’

Table S2: Morpholino sequences targeting zebrafish klhl40 and kihl41 genes.

Gene | Primer sequences
klhi41a | Translational start site: 5> CTCTTTGACACTCATTGGTTCCAT 3’
Exon2-intron2 junction: 5> ATGTGGTAGAAACTTACTCGACATC 3’
klhi41b | Translational start site: 5> GATCCATGATGTTTCGTCTCAAAGT3’

Exon2-intron2 junction: 5> TCAAAGATGAACTCATACTCGGTGT 3’




