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Fig. S1. dco Mutants exhibit severe heart failure. (A) dco Mutants exhibit severely reduced cardiac output by 42 hpf, (B) which is due to severely impaired
ventricular function as assessed by fractional shortening measurements. Both cardiac output and ventricular function deteriorate as dco mutants mature.

Cardiac output and fractional shortening were measured in 12 WT and dco™ hearts at 24, 30, 36, 42, 48, 72, 96, and 120 hpf. Data are mean for each data set;
error bars indicate SEM.
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human_CX46 MGDWSFLGRLLENAQEHSTVIGKVWLTVLFIFRILVLGAAAEDVWGDEQSDETCNTOOPG 60 Chr.13 Chr.14 Chr.9
mouse_CX46 MGDWSFLGRLLENAQEHSTVIGKVWLTVLFIFRILVLGAAAEEVWGDEQSDETCNTQOPG 60
zebrafish Cx48.5 MGDWSFLGRLLENAQEHSTVIGKVWLTVLFIFRILVLGAAAEEVHGDEQSDETCNTQOPG 60

kK K K K KK K K KK KK KK KK KK KK Kk Kk Kk Kk ok ok Kk Kk Kk K ok ok ok ok K K K K K ZMYM5 Zmym5 zmym5
human_CX46 CENVCYDRAFPISHIRFWALQITFVSTPTLIYLGHEVLHIVRMEEKKKEREEEE----OLK 116 ZMYM2 Zmym2 zmym2
mouse_CX46 CENVCYDRAFPISHIRFWALQIIFVSTPTLIYLGHVLHIVRMEEKKKEREEE----~ LIR 115 CX46/GJA3 Cx46/Gja3 cx48.5/gja3
zebrafish Cx48.5 CENVCYDEAFPISHIRFWVLQIIFVSTPTLIYLGHVLHIVRMEEKRKEREEELRKASRLQ 120

e o CX26/GJB2 Cx26/Gjb2 cx33.8
human_CX46 RES---PSP---KEPPQD==~===~ NPSSRDDRGRVRMAGALLRTYVFNIIFKTLFEVGE 163 CX30/GJB6 Cx30/Gjb6
mouse CX46 RDN---PQHGRGREPMRTGS - -~ PROPPLRDDRGKVRIAGALLRTYVFNI IFKTLFEVGE 169 CRYSTALLIN1 Crystallin1 crystallin1
zebrafish Cx48.5 EEKELLYRNGGGGEPGGRGGGGKKEKPPTRDEHGKTRTRGALLRTYVFNTTFKTLFEVGF 180

L o e kRiiriih: AARRA KRR AR R IFT88 Ift88 ift88
human_CX46 IAGQYFLYGFELKPLYRCDRWPCPNTVDCFISRPTEKTIFITFMLAVACASLLLNMLETY 223 IL17D mnrd inrd
mouse CX46 IAGQYFLYGFQLQPLYRCDRWPCPNTVDCFISRPTEKTIFVIFMLAVACASLVLNMLETY 229
zebrafish Cx48.5 ILGQYFLYGFQLRPLYKCARWPCPNTVDCFISRPTEKTIFIIFMLVVACVSLLLNLLETY 240

N s A O HUMAN Mouse zebrafish
human_CX46 HLGWKKLKQGVTSRLGPDASEAPLGTADPPPLPPSSRPPAVAIGFPPYYAHTAAPLGOAR 283
mouse CX46 HLGWKKLKQGVTNHFNPDASEARHKPLDPLPTATSSGPPSVSIGFPPYYTHPACPTVOAK 289
zebrafish Cx48.5 HLGWKKVKQGMTNEFAPDR-ESLPEADEAEPESPRTAPP--TLSYPPDYTEVAVAGG--- 294

KEREKAR KR K KR o I HEE S
human7CX46 AVGYPGAPPPAADFKLLALTEARGKG KLYNGHHHLLMTEQNWANQAAERQPPALKAY 343
mouse CX46 AIGFPGAPLSPADFTVVTLNDAQGRNHPVKHCNGHH-~LTTEQNWTRQVAEQQOTPASKPS 347
zebrafish Cx48.5 AFLQPVSAPSTAEFKMDPLREELEESSPFY T SNNNNHRLAAEONWANLATEQQTREMNAT 354

*. oL FrRor UF e . oot FouEEEAL iRk .
human_Cx46 PAASTPAAPSPVGSSSPPLAHEARAGAAPLLLDGSGSSTEGSATAGTPEEEEQAVTTARQ 403
mouse CX46 SARSSPDGRK-~G-m= == ——— === ——— ==~ LIDSSGSSLOESALVVTPEEGEQALATTVE 388
zebrafish Cx48.5 SPCSSSSSCSSDNVRQ-—-———=--—- SKDAAQLASTPSSAGGGLSTGPEEG--HVTTTVE 402

e ok x wa Liknls
human_CX46 MHQPPLPLGDPGRASKASRASSGRARPEDLAT 435
mouse_CX46 MHSPPLVLLDPGRSSKSS---NGRARPGDLAT 417

zebrafish_Cx48.

@

MHEPPVIFTDARRLSRASKASSVRARPNDLAV 434

ok kke s k| ko kaak dokkk Ak s

C — human_CX45
L mouse_CX45
— human_CX43
| L mouse_Cx43
zebrafish_Cx43
human_CX46
| mouse_CX46
zebrafish_Cx48.5
———————————— human_CX40
L mouse_Cx40
— human_CX50
L mouse_CX50

D n
' 140 , 150 1‘60 I 1|?0 : llﬂﬂ IIBU

mCx46/1-417 R@r EPMRTES - - -PROPP LR BB R GEVET ~AGALL VENILIF LEEVGF | AGEYFLT-GFaLOPL
hCX46/1-435 - - KEPPQD - - - - - - - NPE S R DBIR GEVEMAGALL WENIIF LFEVGF I AGOY FLY-GFELKPL
zCx46/1-434 GGGEPGGRGGGGKKEKPP I RBEHGE M RGALL WENIIF LFEVGF I LGAYFLY-GFQLRPL
zCx43/1-381 GGDVELHLKKIELKKFKHGLEEHGEVEMKGS L L IRF! 5 |IRIRE I CBVWVELY | LB-GFSILS AY
hCx43/1-382 |GW N DMHLKQ | E 1 KKFKEG | EEHGEWIEMR GG L LIBTIA1 |5 I LF IFEWVAFLLI 18- GFSLSAY
hCx32/1-283 - -[GBPLHLEEY---------- KR HEMHIES GT EWATIREY | S WA EIRIL L E AvEMEY FIELLEP GEAMYRIL

Fig. S2. (Cx48.5 is a functional ortholog of the mammalian CX46/GJA3 subfamily members. (A) ClustalW alignment of human, mouse, and zebrafish GJA3
sequences. Below protein sequences, identical and similar amino acids are labeled with an asterisk and colon/period, respectively. Zebrafish Cx48.5 and human
CX46 proteins share 64% homology. National Center for Biotechnology Information blast search analysis of the human genome as well as the zebrafish
genome reveals that zebrafish cx48.5 is most closely homologous to human CX46. GenBank accession numbers used for the analysis are as follows: human CX46
(NP_068773), mouse CX46 (NP_058671), and zebrafish Cx48.5 (NP_997525). Human and mouse CX46 proteins are highly similar to zebrafish Cx48.5 protein.
hCX46, human CX46 protein; mCX46, mouse CX46 protein; zCx48.5, zebrafish Cx48.5 protein. (B) Chromosomal location of zebrafish cx48.5, and human and
mouse CX46. CX46/cx48.5 genes, highlighted in red are syntenic. (C) Phylogenetic analysis of zebrafish Cx48.5 and its closest human, mouse, and fish homologs.
Phylogenetic tree is built using the clustalW program. Length of horizontal branches is proportional to the evolutionary distance between the proteins.
GenBank accession numbers used for the analysis are as follows: human CX46 (NP_068773), mouse CX46 (NP_058671), zebrafish Cx48.5 (NP_997525), mouse
CX43 (NP_034418), human CX43 (NP_000156), zebrafish Cx43 (NP_571113), human CX50 (NP_005258), mouse CX50 (AAG42241), human CX40 (NP_005257),
mouse CX40 (NP_032147), human CX45 (NP_00548), and mouse CX45 (CAC21557). (D) Alignment of mutant zebrafish Cx46 protein to various connexins from
zebrafish, mouse, and human reveals that the s226 mutation results in a change in a highly conserved amino acid residue (red asterisk).
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Table S1. Cx46/Gja3 mRNA orthologs can rescue dco cardiac phenotype

no effect

Fig. S3. cx46 Expression and morpholino knockdown confirms that cx46 is the affected gene in dco mutants. (A-D) Whole-mount RNA in situ hybridization
reveals cx46 expression in the heart and lens. Expression of cx46 at (A) 36, (B) 42, (C) 48, and (D) 72 hpf. A, atrium; V, ventricle. (E) cx46 and B-Actin control RT-PCR
from FACS-sorted myocardial and endocardial cells at 36, 48, and 72 hpf. (F) Morpholino knockdown of cx46 recapitulates dco cardiac phenotype. Of WT embryos
injected with an ATG cx46 morpholino, 88% are indistinguishable from dco mutant embryos and display severe impairment of cardiac conduction (n = 125/142).

Genotyped Rescued %WT embryos with
Analyzed embryos Heart defects mutants hearts % Rescued cardiac defect
capped mRNA WT cx46 239 28 62 35 56 0
capped mRNA MT cx46 228 84 60 0 0 14
capped mRNA WT mCx46 233 47 59 15 25 1
Capped mRNA WT cx43 213 55 55 0 0 0
Tg(cmlc2:cx46 WT-GFP) 288 0 74 74 100 0
Tg(cmlc2:cx46 mut-GFP) 271 83 67 0 0 0

Mutant zebrafish cx46 can cause a cardiac conduction phenotype in WT hearts (% WT embryos with cardiac defects). To determine the number of WT
embryos with cardiac defects, we subtracted the number of genotyped mutant embryos from the total number of embryos exhibiting heart defects. The
number of WT embryos was calculated by subtracting the number of genotyped mutant embryos from the total number of analyzed embryos. Thus, the % WT
embryos with cardiac defects was calculated by dividing the number of WT embryos exhibiting cardiac defects by the total number of WT embryos.
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Table S2. Conduction parameters determined by ECG analysis of Cx46™*, Cx46'*“?*, and Cx46'*?"*Z mice reveal conduction defects in
absence of Cx46 function

Parameter Cx46*"* (n = 15) Cx46'*%* (n = 15) Cx46'242Z (n = 15)

P value
PR interval (ms) 40.5 + 1.0 40.2 + 1.7 41.2 +1.3 0.88
QRS interval (ms) 9.2 +0.8 10.2 + 1.0 14.2 + 1.2* 0.005
QT interval (ms) 18.6 + 0.9 19.8 + 0.9 23.0 + 1.2* 0.01
Heart rate (beats/min) 504 + 10 498 + 9 473 + 10* 0.05

Mean (+SEM) heart rates and durations of the intervals defined in Fig. 5D are shown for the different mice.
*Statistically significant difference between normal (Cx46*"* and Cx46'2?*) and mutant (Cx46'*%"2%) hearts (P < 0.05).

Movie S1. A 72-hpf Tg(cmlc2:GFP) WT heart. Epifluorescence movie of 72 hpf WT heart reveals that ventricular wall contraction is coordinated. Ventricle is in
the foreground and to the left, and atrium is in the background and to the right.

Movie S1

Movie S2. A 72-hpf dco*?%%; Tg(cmlc2:GFP) mutant heart. Epifluorescence movie of 72 hpf dco??® mutant heart reveals that dco ventricular wall contraction is
incoordinate. Ventricle is in the foreground and to the right, and atrium is in the background and to the left.

Movie S2
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Movie S3. Morpholino cx46 mutant heart. Brightfield movie of morpholino cx46 mutant heart. The 48-hpf morpholino cx46 mutant hearts exhibit un-

coordinated ventricular contractions.

Movie S4. Optical mapping of 60 hpf Tg(cmlc2:gCaMP)*®”® WT hearts reveals linear conduction from the atrioventricular canal to the outflow tract. Calcium
activation initiates at the atrioventricular canal (left) and travels across the ventricle to the outflow tract (right).

Movie S3

BN AS - PNAS D)

Movie S4

Movie S5. Optical mapping of 60 hpf Tg(cmlc2:gCaMP)**”® dco mutant hearts reveals aberrant conduction throughout the ventricle. Calcium activation in-
itiates at the atrioventricular canal (Left) but fails to conduct uniformly across the ventricle.

Movie S5
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Movie $6. Optical mapping of dco™~; Tg(cmlc2:gCaMP)*®’% transplanted donor cardiomyocytes in 60 hpf Tg(cmlc2:gCaMP)**’ WT ventricle reveals disrupted

conduction within the ventricle. Calcium activation initiates at the atrioventricular canal (left) but fails to uniformly travel to the outflow tract.

Movie S6
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