Supplementary Table 1. Clinically relevant variants

channel that cause intellectual disability

and polymorphisms in the BK

Variant Sequence context | Effect on Clinical In Reference and accession
channel Phenotype structure | codes (where reported)
Al138V Patient cells Severe ID, no Laumonnier 2006
INNGSSQADG showed epilepsy, and Given as NM_002227
reduced activity | autism (possibly a misprint as
of a K+ channel | spectrum this is Janus Kinase)
disorder probably NM_002247
Small variable
effect on Plante et al., 2019
currents in MG279688
transfected HEK
cells.
S351Y ECVYLLMVTM | LoF abolished Mild ID yes Liang et al., 2019
STVGYGDVYA BK current. NM_002247.3
G354S LoF When ID with yes Du et al., 2020
sTvGycDvyA expressed by cerebellar NM_002247
adenovirus in ataxia Loss of
cerebellum mitochondrial
rescued by function.
NS1619. Chlorzoxazone
(BK/SK
activator) gave
partial
improvement.
C413Y Partial LoF mild to severe | yes Liang et al., 2019
wWCGHITLES ID, speech NM_002247.3
delay, ataxia,
axial
hypotonia, and
cerebral
atrophy
N449fs Frame shift. ID not yes Liang et al., 2019
vFLHNIsPNL LoF. reported but NM_002247.3
mild cerebellar
atrophy
N599D kyYLEGVSNE Possible LoF as | Not reported yes Plante et al., 2019
does not MG279688
MYTEYLSSAF facilitate
opening
1663V HLKIQEGTLG LoF abolishes ID, hypotonia, | yes Liang et al., 2019
rel ASDAKEY BK current ataxia NM_002247.3
Y676L-fs KRAFFY CKAC | loss of function GI_DD, yes Tabarki et al., 2016.
epilepsy, NM_001161352.1
severe
cerebellar Liang et al.,2019
atrophy NM_002247.3
R858W SSALIGLRNL LoF. no Plante et al., 2019
MG279688
P805I__ also | \yMPLRASNFH !_oF, reduct_ion ID yes Bailey et al., 2020
described in the amplitude NM_002247.3
as P840L of the BK
(P863L in current and
reference ashiftto a




sequence)

positive
potential for the
activation curve

diaminopyridine
was successful.

D1008N LoF, marked Moderate ID yes Liang et al., 2019
listed as nTeELVNDTN reduction in NM_002247.3
D984N in activation of the
Liani; 2019 BK channel
D434G GoF generalized yes Du et al., 2005
KDRDDVNVEI epilepsy and NM_002247
paroxysmal
dyskinesia
C495G GoF, shifts V1=2 | Not reported yes Plante et al., 2019
ANKYCADPDA to more MG279688
hyperpolarized
potentials (by -
15to -20 mV)
N536H KAHLLNIpsw | GoF ID, _dystonia. yes Zhang et al. 2020
Autism
spectrum
disorder.
K457E Possible GoF as | Paroxysmal yes Buckley et al. 2020
ELEALFKRHF treatment of the | dyskinesia, NM_001161352.2
patient with 3,4- | ataxia.

R458ter Truncating ID, epilepsy, yes Yesil et al. 2018
ELEALFKRHF variant. LoF corticospinal- NM_001161353
AND GoF cerebellar tract
atrophy, and
paroxysmal
dyskinesia.
E884K csIEYLKREW Not reported GDD and yes Zhang Z. B. et al., 2015.
paroxysmal
non-
kinesigenic
dyskinesia
N1053S vENDNILTLI Not reported GDD and yes Zhang Z. B. et al., 2015.
paroxysmal
non- Moldenhauer 2020
kinesigenic MG279689.1
dyskinesia Du et al., 2005
NM_002247

Reference sequence used was Q12791-1 (NM_002247.4), ID, intellectual disability; LoF,
loss of function; GoF, gain of function. N995S, N999S, and N1053S same amino acid
substitution reported in the literature as at least three different reference sequencing number
schemes, sequence context is shown for clarity.
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Supplementary Figure 1. Cellular expression of BK channel subunits in mouse brain
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Supplementary Figure 1. Expression of BK isotypes in mouse brain. (A) RNAseq data
was extracted from the BrainRNAseq portal for the BK isotypes. Results expressed as mean
* standard deviation for tissue expression as fragments per kilobase of transcript per million
mapped reads (FPKM). (B) In situ hybridisation of BK isotypes in sagittal adult mouse brain
sections reproduced from the Allen Mouse Brain Atlas showing expression of:

Kcnmal (https://mouse.brain-map.org/experiment/show?id=74578206),

Kcnmb2 (https://mouse.brain-map.org/experiment/show?id=74635689),

Kcnmb3 (https://mouse.brain-map.org/experiment/show?id=81600586)
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Kcnmb4 (https://mouse.brain-map.org/experiment/show?id=70593143)

(C) The expression BK subtypes in neuronal cells within the hippocampus. The results were

extracted from the Hippocampus RNA-seq atlas and represent the mean and upper 95%

confidence interval expressed as (FPKM) from 100 cells and 3 samples per group.
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Supplementary Figure 2. Regional distribution and neuronal type of Fmrl and BK

channel subunits in mouse and human brain
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Supplementary Figure 2.  Differential expression of BK isotypes in glutamatergic and
GABAergic neurons. RNAseq data was extracted from: (A) GEO profile. The results
represent the mean and standard deviation of (n = 3-9/group) for the message for FMRP and
the BK subtypes for glutamatergic and GABAergic neurons. The insert demonstrates in situ
hybridization of Fmrl anti-sense in mouse brain extracted from the Allen brain Atlas
(http://mouse.brain-map.org/experiment/show/73606703) (B) 10X RNAseq data from adult
mouse cortex and hippocampus and human M1 cortex samples using the Allen Brain Map
Transcriptomic explorer. The results represent a heatmap of cells grouped into transcriptomic

cell types for: FMRP (Fmrl), BK channel subunits, metabotropic glutamate receptor 5



(Grmb), vesicular glutamate transporter (Slc17a7) to detect glutamatergic cells, glutamic acid
decarboxylase (Gad) one and two to detect GABAergic cells, NG2 chondroitin sulphate
proteoglycan 4 (Cspg4) to detect oligodendrocyte precursors cells, myelin oligodendrocyte
glycoprotein (Mog) to detect mature oligodendrocytes, aquaporin 4 (Aqp4) to detect
astrocytes, endothelial tyrosine kinase (Tek) and myosin eleven (Myhll) to detect smooth

muscle cells.

Supplementary Figures 1 and 2 narrative

Extraction of cell type specific RNAseq data (www.brainrnaseq.org) indicated that Fmrl

message was notably expressed in mouse: astrocytes (58.9 + 5.8 FPKM), neurons (13.8+ 1.2
FPKM), endothelia (9.7 0.2) and oligodendrocytes 3.4 + 0.3 (FPKM) with low levels in
microglia (1.3 £ 0.3). In rodents the Kcnmbl was largely restricted to the vasculature,
consistent with known expression of KCNMBL1 protein in smooth muscle within arteries
(Baker et al. 2017. Figure 2A, Figure 3B). There was essentially no expression in neurons
(Figure 2A, Figure 3B). Astrocytes expressed the BK channel alpha pore but there was
limited astrocytic beta chain expression (Figure 2A, Figure 3B). These cells expressed the

small conductance potassium channel KCNNR3 (www.brainrnaseq.org). Oligodendrocytes

expressed KCNMB4 in rodents and humans (Figure 2A, Figure 3B), whereas
oligodendrocyte precursors notably expressed KCNMA1l and KCNMB2 that was
downregulated as they matured and developed KCNMB4 (Figure 3B). KCNMB3 was poorly
expressed in the CNS (Figure 2A-C. Figure 3B).

As expected, the KCNMB4 isoform was associated with neural expression (Figure 2A-C,
Figure 3A, B], although KCNMB2 was also present on neurons (Figure 2A-C, Figure 3A, B).
In situ hybridisation demonstrated expression of Kcnmb4 throughout the cortex and at high
levels in the hippocampus and cerebellum (Figure 2B). This was confirmed in RNAseq data
of the hippocampus with higher levels in the CA2 and CA3 regions (Figure 2C). In the
hippocampus there was a low level of KCNMB2 expression except in the somatostatin (Sst)
and parvalbumin (Pavalb) interneurons (Figure 2C). These were typically inhibitory, gamma
aminobutyric acid (GABA) secreting neurons and suggested that KCNMB2 may be more
prominent on GABAergic cells. Indeed, this was supported in microarray and RNAseq data
in rodents (Figure 3A, 3B) and to some extent in humans (Figure 3B). Fmrl was detected
throughout the brain (Figure 3A) on both GABAergic and glutamatergic neurons (Figure

3A), although some glutamatergic brain cells seemed to express high levels (Figure 3B). It


http://www.brainrnaseq.orf/
http://www.brainrnaseq.orf/

appeared that Kcnmb4 and KCNMB4 was preferentially expressed by glutamatergic neurons

in a variety of brain structures in mice and humans respectively (Figure 3A, 3B).

Microarray data from mouse neuronal forebrain (Sugino et al. 2006) was extracted from the
Gene Expression Omnibus GDS1522 Accession number GSE2882. In situ hybridization data
from mouse brain sections was extracted from the Allen Institute Brain Map

(https://portal.brain-map.org). (Lein et al. 2007). RNAseq of mouse brain cell subtypes

(www.brainrnaseg.org) (Zhang et al. 2014), mouse hippocampus RNAseq atlas

(https://hipposed.janelia.org) (Cembrowski et al. 2016) and 10X single cell RNAseq of

mouse cortex and hippocampus (https://portal.brain-map.org/atlases-and-

data/rnaseq/protocols-mouse-cortex-and-hippocampus) and human cortical cells

(https://portal.brain-map.org/atlases-and-data/rnasea/protocols-human-cortex) were extracted

from the Allen Brain Map atlas (http://portal.brain-map.org). Supportive data was obtained

from the Human protein atlas (www.proteinatlas.org Sjostedt et al. 2020).
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