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Fig. S1

Fig. S1

Brief descriptions of experimental schemes. 

a. Surgical harvest of gametes from Ciona robusta, defolliculation and VC-removal of the eggs.

b. Fertilization assay of VC-intact eggs in the presence or absence of inhibitors in figure 1 a-c. 

c. Fertilization assay of VC-intact or -free eggs in figure 1 d-e.

d. Isolation of the VC and the digestion assay in figure 2. Eggs were mechanically crushed.

e. TALEN-mediated knockout in figure 5. Unfertilized defolliculated eggs were injected with TALEN mRNAs and 

then inseminated.
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C9.806_160121    1 MEELYVSTGPAPEVGEKEKPR-----------------------HHRKQAEAGGGVQGSK 

C1.618_160121    1 -MDYFLEPSAAHKPPSGGREK-----------------------HRRRRQAQAGAGKRAV 

C1.533_160121    1 MLDTCLEPSGAHSSKDGQPRK-----------------------GKTKQAQTGAGNKAVS 

C1.493_160304    1 -MELCPDPTADRQAGQRQTGRGETGRGQSGRGKSGRGTGQRDGQRRHRTKQHTGGAGKRM 

C1.332_160414    1 -MDFCMEPSGAHNSKDGRPKHG------------------------KTKQAKTGAGKRAV 

 

C9.806_160121   38 KRPTKKDDKTTVKIAMVGILVVGVIALILAIVLGMSPSEEYSCQRAKNEGEKVSPFDVNE 

C1.618_160121   37 ETKQKESNDVKKKFIIIGLAVVALVGGAAGIAVFLMQG-TSPVCG-EGSTD-----PITI 

C1.533_160121   38 KKVKKKSSDSNLRPIIIGLAVVTLVGGAAGIAVFLLQDRTTACDDAEANND-----PVAI 

C1.493_160304   60 EEQKKESDDLKMKLIIIVAVVVVLVGGAVGAAVSFLQG-SSVCNDPELLTD-----PVEI 

C1.332_160414   36 ETKQKESNDVKKKFIIIGLAVVALVGGAAGIAVFLMQG-SPTICDETSNED-----PVTI 

 

C9.806_160121   98 CEAAKKKCQFDITTCSDACPLGYKNEGG---CAVSCLCATDGTYESDIMFNEANIQRALD 

C1.618_160121   90 SECLVVNCPFDTTTCTLPCPFGFAVKDENSVCPVSCTCASQGNFEGDVHFTSDDVPDLLD 

C1.533_160121   93 GECTLLKCKFDISTCTLPCPFGYTSKSDDDVCPLSCTCASKGNFEGDVHFVGEDLPHLLD 

C1.493_160304  114 SECLVVNCKFDVRTCTLPCPMGYSTKGGDDPCPKSCKCSAEGSFEGDIQFYDDDIPELLG 

C1.332_160414   90 SQCMEQKCEFDISKCSSPCPFGYSTKSEDELCPSSCTCAAHGNFEGDVQIQEDILPEFLD 

 

C9.806_160121  155 RFIAP-PDNGSFDVFTGNTIKTTAPLW----ELGVNGRVQIPYVFDPTITTGD----YRA 

C1.618_160121  150 RYSYVNKDDEEFSLFVGSAYKHERVGK-WNQVALPSGRIPVGYKLDNRLKNSQ--KFKDA 

C1.533_160121  153 TYGYIDKDDEEFSLFVGSFLKYLGQVF-WTKKALPSGRIPVGYKLDTFLSTHA--RAKKS 

C1.493_160304  174 KYGYVDKDDEEFSLFVGSALYVKGKIL-WDSKALPSGRIPIGYKLDRFLTVAK--RLKKE 

C1.332_160414  150 KYGYVDKDDEEFSLFVGSASRYERVLWSSLALALPSGRIPVPYKVSQKFNYQQRLRLDHA 

 

C9.806_160121  206 VYKASYWFSRHSCIDLVPRKKE---KAHILFIRGNGCSSFIGKTG--WRQYVSLGIGCSK 

C1.618_160121  207 LKGAIKAYKENTCIDIAPYDSAKHGKKFVDIKHADGCYASLGYAE--KEQRMSIGYGCDY 

C1.533_160121  210 IEEAVKMYRDNSCIDIEPYDQAKHGAHFVNIKNQAGCSSSIGYVPPPTEQHMSLVVGCHY 

C1.493_160304  231 MAKASKMYSDNTCIDIEPYDREKHGTHYVDIILGQGCSSMVGYKKNIKQQTMSLQYGCHY 

C1.332_160414  210 ITTAARWYSQGTCIDLVPFDETKH-TKHILIKNKPWCSSYIGFQDRLVSQGMALGPNCHQ 

 

C9.806_160121  261 ASIVMHEILHAAGFYHEQSRPDRDLYIKVYYENIQKEYHRQYDKARPEAVADFGYEYDVK 

C1.618_160121  265 VGIIIHEFLHTMGFAHEQTRPDRDQFVKVNFENIKANSDYNFQKVAANRVYDLKSEYDIG 

C1.533_160121  270 AGIVAHEFLHTLGFLHEQSRPDRDNFVKIHFENMISNRAHNFKKLKLDTVFDLKSEYDRG 

C1.493_160304  291 SGIIVHEFLHTLGFYHEQSRPDRDDFVKIHLDRVKYGNAHNFQKSRAYFVKDLKSPYDLR 

C1.332_160414  269 GYTVAHEFMHALGFAHEQSRPDRDQYVKVHFDNIRTGMEYNFKKLRTYMVRNLNTRYDAL 

 

C9.806_160121  321 SLMHYHSRAFQIVGKLTFVVLKTGYSIASS-----NEHPSETDIAEIDSLYKCKR----- 

C1.618_160121  325 SVMHYESSAFSKNYKSTIVDKKTGGVLQTQ-----KERLSESDIYEVNVFLCGGSKEGGG 

C1.533_160121  330 SVMHYGGTSFSKNRKPTITSVADGKPVVGQ-----RRKMSDKDLNELNRKLCPDYQRSTT 

C1.493_160304  351 SIMHYSTREFSKNGQPTITHAGSERTIETQ-----SRELSEKDISELNAFLCKDYEFTN- 

C1.332_160414  329 SILHYLPRAFSVDGRSPTLTFTGSLLEVLRGGIVTTRTLTPKDLLGLNRLLCTGGRRSDS 

 

C9.806_160121  371 ------------------------------------------------------------ 

C1.618_160121  380 GGGEGGGGGGGSVATTRQPPTTTRRPVTTTRRWPYTTIPRTTRATTRPPTPTTRRPWYRT 

C1.533_160121  385 P--AATTTRTPAPTNPPRTTTQPVYTRATTRQPYTTRGPTTTRQPFRTTTLSTTRRLWPR 

C1.493_160304  405 ---KPATTRAPTPTTRSLFFVLTQRGVTRTRRWPYTTKATTTKAKAPGSGLIAGDSIWPL 

C1.332_160414  389 EVVGPNSQHAYAPAEN-------------------------------------------- 

C9.806_160121  371 ------------KAANQKGRWGEWAPWGACRATCGTIGAIVQRYRRCEYKDGQFAQDCKG 

C1.618_160121  440 TTLSPWRRTTTPRNRNR--GLSEWGQWIGCTATCGDF-STKVRARYCQVQ----TAGCKA 

C1.533_160121  443 TTTLQTTTKRHTVAPSTDEGYSQWTKWYGCTATCGPS-SQKVRAKWCHDR----SKGCRN 

C1.493_160304  462 TTTLPPTTTTTTTTVDPEGGMSPWGAWQGCSATCGPV-AQQIRARWCDNP----AKGCNA 

C1.332_160414  405 -------MQSNAEVTFRNGGLGEWQPWVGCSATCGPT-TQKKRVRYCVDS----SKDCGE 

 

C9.806_160121  419 KNWETKVCKLKACSPKYSEWGSWSACSLTCHFEHGIHALETRRRNCINKKEGLCPNSWIF 

C1.618_160121  493 VYETVN-CKRKPCPVS-VQWGPWSPFGSCTKTCGSGLRLRYR----------YCPRRSQC 

C1.533_160121  498 PKFERKSCDRKPCVTGGNHWSQWGDYKSCTTTCGIGVSLRYR----------FCP-DSLC 

C1.493_160304  517 LSYEREKCKRKPCSEK-KKWAEWGEYGACTTTCGTGMQLRYR----------KCLIR-WC 

C1.332_160414  453 PTYQVKACKRTLCPVVSVRWSGWGDYGQCSVTCGQGMKLRYR----------TCPTSWKC 

 

C9.806_160121  479 GADIYQSRYCRPEPSCKTKEDIEKEKALYKKLREIHRNPNWTGWSHWYPACPFNCDGVTK 

C1.618_160121  541 LGKSFQANPCTLKSCVSSQR---------------YAPVAWTNWMSWG-ICFKSCGSGIR 

C1.533_160121  547 VGLGLQAKICYLEKCPGGTQ---------------FTQIAWGTWTSWS-RCSATCNGGSQ 

C1.493_160304  565 PGRSVQAQTCTSDKCDGSGK---------------SFKVAWGQWAQWG-PCSRTCKAGYK 

C1.332_160414  503 DGNSMQAHACLLPACQGGSS---------------HTAVVWTDWAPWS-TCTHTCDSGYQ 

 

C9.806_160121  539 EKKRRTCAEYSAKVSKCEGNTPGSKIASQEIQRFCRCAYGMTPPTGKLSLTTVIIESDDL 

C1.618_160121  585 -YRSRHCKKGHYFSYGCPGRHHE---LGYCNTFSCTSSFANDPPSPMFSFDSKSVANLCS 

C1.533_160121  591 -MRVRYCRQGSLFTSGCPGNSIV---FNPCNAFKCNSAWGGNPPAPMFMQQSTSVAHLCS 

C1.493_160304  609 -IRQRFCRKGDSFSHGCPGRSTG---LTYCNFFSCTSSQANDPPSQMFGYQSTSIAHLCS 

C1.332_160414  547 -VRYRSCKRGDSFTSGCPGNRQD---IGSCNTHSCSSNYAMNPPSPMFSFESKSVAHLCS 

 

C9.806_160121  599 GSEIRRRSVEGGIMDVNSRLFCSSGKVVRGKFNEDDSVDVVCVESNHISFYPTINGETNY 

C1.618_160121  641 G-------------------ANSDVVFIFGDFNGDRNVDVMCGNQ-DGDFEVGLATSNGE 

C1.533_160121  647 G-------------------ANSDVAFIFGDFNGDRNVDVMCGNQ-DGDFEIGLATSNGD 

C1.493_160304  665 G-------------------VNSDVVFIFGDFNGDRNVDVMCGSQ-DGGFEVGLATSNGD 

C1.332_160414  603 G-------------------ANSDVAFIFGDFNGDRNVDVMCGNQ-DGDFEIGLATSRGE 

 

C9.806_160121  659 DSSFQQSYQFCQSENQLLLNESADFNTDTNDDLACIDRNSGQMIILSFFDNRFEVHSDWA 

C1.618_160121  681 INTASWRGRLDGCVVQSGQIAVGDFNGDAMSDIVCVDRVKKKTTVRLSNNGQFPTGEGYS 

C1.533_160121  687 INTATWRGRLDGCVVQSGQIAVGDFNGDAMSDVVCVDHIKKRTTVRLSNNGQFPTGEGYS 

C1.493_160304  705 INTASWRGRLDGCVVQSGQIAVGDFNGDAKYDIVCVDHIKKKTTVRLSNNGQFPTGEGYS 

C1.332_160414  643 INTATWRGRLDGCVVQSGQIAVGDFNGDAMSDIVCVDRVKKKTTVRLSNNGQFPTGEGYF 

 

C9.806_160121  719 GLQDFCVGRKSHIFAGYGDDDGRADLICLNKITNRESIIINNWNF- 

C1.618_160121  741 G--SFCTDDSDWLIPLDIDGDSKWDFMCSHNNRDHEILMNSFTNPS 

C1.533_160121  747 G--SFCTEDSDWLIPLDIDGDNKWDLMCSHSNRENELLLNRFNS-- 

C1.493_160304  765 G--SFCTDDSDWLIPLDIDGDNKWDLMCSHSNRDSDLLMNTFSL-- 

C1.332_160414  703 G--SFCTDDSDWLIPLDIDADNKWDLICSHSNRDSDLLMNTFSL-- 
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Fig. S2

Fig. S2

Multiple sequence alignment of the refined sequences of the predicted products of Tast genes.

Alignment was conducted with a CLUSTALW program (http://www.genome.jp/tools-bin/clustalw) at the default 

settings with a sorting option -outorder=input. Arrowheads indicate the five catalytic residues of astacins (NCBI 

Conserved Domains cd04280).
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150111ingel04 #9218 RT: 40.32 AV: 1 NL: 3.87E2
T: ITMS + c NSI d Full ms2 992.82@cid35.00 [260.00-2000.00]
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150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150

m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

y1
+

b2
+
y2

+ y3
+ y4

+

y5
+

y6
+

y7
+

y8
+

y9
+

b3
+

b4
+

b6
+

b8
+

b9
+

Tast2c 388-398 DISELNAFLCK

m/z 655.30, z = +2
150111ingel59 #8702 RT: 38.36 AV: 1 NL: 1.16E3
T: ITMS + c NSI d Full ms2 655.30@cid35.00 [170.00-1325.00]

200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300

m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

y2
+

b2
+

b3
+

b4
+

b8
2+

b5
+

b6
+

b7
+

b8
+ b9

+
b10

+

y3
+

y9
2+

y4
+

y5
+

y6
+

y7
+

y8
+

y9
+

Tast2d 344-358 SPTLTFTGSLLEVLR

m/z 817.43, z = +2
150111ingel03 #10194 RT: 44.76 AV: 1 NL: 2.76E2
T: ITMS + c NSI d Full ms2 817.43@cid35.00 [215.00-1645.00]

300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600

m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

y3
+

b4
+

y4
+

y5
+

y8
+

y9
+

y10
+

y11
+

y12
+

y13
+

b5
+

b11
+

b12
+
b13

+
b14

+

y13
2+

Fig. S3 Continued

g h

i j

k

Fig. S3 Detection of Tast proteins in the sperm surface protein-enriched fraction (Nakazawa 2015) by mass 

spectrometry. a-e: The detected peptides at the ions score cut-off value of 20 are highlighted with orange bold font. 

One of the unique peptides shown in g-k are underscored. f: The sum of the protein scores of each protein from three 

independent preperations and scans. g-k: The product ion spectrum and annotation of one of the detected unique 

peptides for each Tast protein is shown.



left spacer right

gttgctacaacgtatcaccagacatgtatacggttaacacaatttttaccagaacctgtc

caattttatttatgtttttcaacattttgcattaagtttaattttttttttttaaattta

acatatttatgttcacaaatttttggcgggaaattttggatcatcgtttaaaattcagac

ATAATTTTTTACGATTGTAAAAATGGAGGAACTGTATGTTAGCACTGGCCCTGCTCCGGA

AGTTGGGGAAAAGGAAAAACCTCGTCATCATCGCAAGCAGGCAGAAGCTGGCGGGGGTGG

TAAGTCTGTGTTACGTAATATATTTGATTAgaaacaaaaaacaacaaccaccaacaaagt

aacatacttgaaaactcctaaactggcacgaggtgtatatgaagtattgaagtgttatac

actgttgtttttcagccacagagataaagttgcattttattcattcaatttatgtttatg

tttagcctcaaacactaacagctgagcaaatacacacaaactagttaacaataagtgtgt

ataattttttatttgtgtttactattttataccacattcaattttttagTTCAAGGATCT

AAAAAACGTCCAACTAAGAAAGATGATAAAACTACTGTTAAAATAGCAATGGTTGGAATA

CTTGTTGTTGGAGTAATAGCTCTCATTCTGGCTATTGTATTAGgtgagtgttttaaacgt

taaagtgtacgttatattatcatgtaaatggatgaaagcagttaataatggaaaaattgg

cacagtaattttagaggatattgatagtcttgatagaagacatgggtaaaggggggcttg

ggtccaattttataaacatgggactatacaaagaagacggaaatttttttccgctagagg

cggtaattatttaaattaaaaaatacggaaaaacgaacaaaacagcactacaaagtgtta

ataagtgtaaaacaaattaattaaataataaaaatacctttctaaatacataaaacacta

exon 1

exon 2

→ C9.806exon1 primer

← C9.806e2r primer

C9.806-1 C9.806-2

C9.806-3

C9.806-4

← C9.806e1r primer

Fig. S4

a xxxxxx...: intron/non-transcriptional region

XXXXXX...: exon

ATG: first ATG

: targetC9.806 (Tast1) exons 1 and 2



aataacagcagcggcgagccctgaacctagattagaggcgcgccaaccactctgccacca

aacttaacaagatgcaaagttttattgattctcttttcttttatcaagttgtataccatt

GACAAACTAGATTTGTAACAACAACCGCTTTTCAAAATTGCATAAACTTTAAAATCTCTT

TATCACATTTTACATAATGTTGGATACTTGTCTGGAACCATCTGGTGCACATAGCTCAAA

AGATGGCCAGCCAAGAAAAGGAAAGACAAAACAAGCCCAAACTGGAGgtagtgtactaag

ttcttgctatttaattttataaagtaatatatgcaaacatttaaaagctataaatataag

ggtgtacagtttttttacccaaaacaccaaagtagggcgatggaaaattattgatgttga

gttatgtgtatttttgaaaagtgtacattagtgtataacagactatagcactacttatgt

ttaatttgtaccaaacaacttaaaattgcactacagcaggtatttaaacccaagagagtt

ttagttttaaaacacgtgatttgaacgttgtacatctggtctttgcgttcttattctgtg

aacttattttgtaaaaaaaatttaattttgttttgtctgaaacgtgttattttgttgcag

AAGGTCTATAGTATTAGGCTAGTATATTGTGACAAAATATGTATGCAAAGTAATCTTAAT

TGAATTAACAAAATGGATTTTTGTATGGAACCTTCTGGTGCACACAACTCTAAAGATGGT

CGTCCCAAACATGGAAAAACAAAACAAGCCAAAACTGGAGgtgatggttttataattgtc

tcatattatgtaatattgttatatagaaaattttgtgatatattataatgttccttatgt

agtttttgtgttaatgagaacatcctactggcaccgcggcaaagtggttagcgcacatgc

ctctaacccagcggtaattggttcaaggcttgtcactgctaccattgtggacgttgggca

agacacaaattgtacaaattagcatccacacataaatattaaaaaaattcccaaaaaata

Fig. S4 Continued

b

C1.533exon1 primer →
exon 1

← C1.332exon1 primer

exon 1

← C1.533e1r primer

C1.332e1r primer →

C1.533-1 C1.533-2

C1.332-1 C1.332-2

c
C1.332 (Tast2d) exon 1

C1.533 (Tast2a) exon 1



Fig. S4 Continued

C9.806-1:  9/9 (100%)

exon1           TTGTAAAAATGGAGGAACTGTATGTTAGCACTGGCCCTG-CTCCGGAAGTTGGGGAAAAG

1-2             TTGAAAAAATGGAGNAAC-----------ACTGCCCCCGGCTCCGGAAANTTGCNG---- -11

1-14            TTGTAAAAATGGAGGAAC-----------ACTGGCCCTG-CTCCGGAAGTTGGGGAAAA-

1-3             TGGNAAAAAGGGAGGANTT-----------NNGGCCCGG-GNCCGGAAGTTN-------- -12

1-4             TTGAAAAAATGGAGCAACT-----NCCCCACTGNCCCTG-CNCCGANAACTTGCN----- -9+4

1-6             TTGTAAAAATGGANGAACC----GCCACCACCGCCCCNCCNCCCNCAAGN---------- -9+5

1-8             TTGTAAAAATGGAGGAACG---TGTTAGCACTGGCCCTG-CTCCGGAAGNTGGGGAAAA- -3

1-11            TTGTAAAAATGGAGGAACT-----TTACCACTGGCCCTG-CTCCGGAAGTTGGGGAAAAN  -5

1-13            TTGTAAAAATGGAGGAACG-----TTAGCACTGGCCCTG-CTCCGGAAGTTGGGGAAAAG

1-15            TTGTAAAAATGGANNAACC---------CACTGNCCCCN-GCNCCGNNANNN-------- -9

C9.806-2: 13/13 (100%)

exon1           GGAGGAACTGTATGTTAGCACTGGCCCTGCT---------------------CCGGAAGT

2-1             GGANGANCTGTATGTTAGCAC------TGCT---------------------CCGGAAG- -6

2-3             GGAGGAACTGTATGTTAGCNC------TGCN---------------------CCGGAAGT

2-5             GGAGGAACTGTATGTTAGCAC------TGCT---------------------CCGGAAGT

2-7             GGAGGAACTGTATGTTAGCAC------TGCT---------------------CCGGAAGT

2-12            GGAGGAACTGTATGTTAGCAC------TGCT---------------------CCGGAAGT

2-2             GGAGGAACTGTATGTTA--ACC-----TGCT---------------------CCGGANGT  -8

2-4             GGAGGAACTGTATGTTAGCACT-----TGCTCCGTTAGCACTTGCTCCTGCTCCGGAAGT  -5+21

2-6             GGAGGAACTGTATGTTAGCACC-----TGCT---------------------CCGGAAGT  -5

2-8             GGAGGAACTGTATGTTAGCACC-----TGCT---------------------CCGGAAGT

2-9             GGAGGAACTGTATGTTAGCACC-----TGCT---------------------CCGGAAGT

2-13            GGAGGAACTGTATGTTAGCACC-----TGCT---------------------CCGGAAGT

2-11            GGAGGAACTGTATGTTAGCACTG---CTGCT---------------------CCGGAAGT  -3

2-15            GGAGGAACTGTATGTTAGCACTGGC--TGCT---------------------CCGGAAGT  -2

C9.806-3: 3/3 (100%)

exon1           AAAAACCTCGTCATCATCGCAAGCAGGCAGAAGCTGGCGGGGGTGGTAAGTCTGTGTTAC

3-3             AAAAACCCCGTCATCATNNCAAGCAGGCAAAAGCTGG----GGGGGTAAGTCTGTGTTAC  -4

3-10            AAAAACCTCNTCNTCATCGCAAGCAGGCAAAAGCTGG----GGTGGTAAGTCTGGGTTAC

3-15            AAAAACCTCGNCATCTTCGCAAGCAGGCAAAAG------GGGGGGGTNANNCTGTGTTAC  -6

C9.806-4: 16/16 (100%)

exon2           AACGTCCAACTAAGAAAGATGATAAAA----------------------CTACTGTTAAA

4-1             AACGTCCAACTAAGAAAGATGATAAA--------------------------CTGTTAAA  -4

4-2             AACGTCCAACTAAGAAAGATGATAAA--------------------------ATGTTAAA

4-3             AACGTCCAACTAAGAAAGATGATAAA--------------------------CTGTTAAA

4-9             AACGTCCAACTAAGAAAGATGATAAA--------------------------CTGTTAAA

4-12            AACGTCCAGCTAAGAAAGATGATAAA--------------------------CTGTTAAA

4-13            AACGTCCAACTAAGAAAGATGATAAA--------------------------CTGTTAAA

4-16            AACGTCCAACTAAGAAAGATGATAAA--------------------------CTGTTAAA

4-5             AACGTCCAACTAAGAAAGATGATAAC---------------------------TGTTAAA  -5

4-7             AACGTCCAACTAAGAAAGATGATAAC---------------------------TGTTAAA

4-4             AACGTCCAACTAAGAAAGANGAT--A--------------------------CTGTTAAA  -6

4-6             AACGTCCAACTAAGAAAGATGATAAAAAAAATAGCAATGGTTGGAATACTTGTTGTTAAA  -4+26

4-8             AACGTCCAACTAAGAAAGATGATAAAA------------------------------AAA  -8

4-10            AACGTCCAACTAAGAAAGATGA----------------------------------TAAA  -12

4-11            AACGTCCAACTAAGAAAGATGATAA---------------------------CTGTTAAA  -5

4-14            AACGTCCAACTAAGAAAGATGA------------------------------CTGTTAAA  -8

4-15            AACGTCCAACTAAGAAAGATGATA----------------------------CTGTTAAA  -6

ACGATTGTAAAAATGGaggaactgtatgttagCACTGGCCCTGCTCCGG

ACGATTGTAAAAATGGaggaactgtatgttagCACTGGCCCTGCTCCGG

left rightspacer

ATG: first ATG

targeted sites

GGAGGAACTGTATGTtagcactggccctgct---------------------CCGGAAGTTGGGGAAA

CATCATCGCAAGCAGgcagaagctggcgggggtgGTAAGTCTGTGTTACGT

CCAACTAAGAAAGATGataaaa----------------------ctactgttaAAATAGCAATGGTTGG

d



C1.533-1: 16/16 (100%)

exon1           ACATAATGTTGGATACTTGTCTGGAACC---------A------TC------TGGTGCAC

1-2             ACATAATGTTGGATACTTGTCTG-------------------------------GTGCAC  -10

1-4             ACATAATGTTGGATACTTGTCTG-------------------------------GTGCAC

1-7             ACATAATGTTGNATACTTGTCTG-------------------------------GTGCAC

1-8             ACATAATGTTGGATACTTGTCTG-------------------------------GTACTC

1-12            ACATAATGTTGGATACTTGTCTG-------------------------------GTGCAC

1-13            ACATAATGTTGGATACTTGTCTG-------------------------------GTGCAC

1-14            ACATAATGTTGGATACTTGTCTG-------------------------------GTGCAC

1-15            ACATAATGTTGGATACTTGTCTG-------------------------------GTGCAC

1-16            ACATAATGTTGGATACTTGTCTG-------------------------------GTGCAC

1-1             ACATAATGTTGGATACTTGTCTGGAAT------------------------CTGNTGCTC  -3

1-3             ACATAATGTTGGATACTTGTCTGGAACC---------ACATAGCTCATAAGATGGTGCAC  -2+14

1-5             ACATAATGTTGGATACTTGTCTGGA---------------------------------AT  -12 

1-6             ACATAATGTTGGATACTTGTCTGGAATC------------------------TGGTGCAC  -4

1-9             ACATAATGTTGGATACTTGTCTGGAAC-------------------------TGGTGCAC  -5

1-10            ACATAATGTTGGATACTGGT------------------------------------GCAC  -15

1-11            ACATAATGTTGGATACTTGTCTGAAACATAATGTTGGATACTTGTCTGGATCTGGTGCAC  -8+19

C1.533-2: 16/16 (100%)

exon1     ATGTTGGATACTTGTCTGGAACCATCTGGT------GCA------------------------------CATAGCTCAAAAGATGGCCAGCCAAGAAAAG

2-1       ATGTTGGATACTTGTCTGGAACCATC----------------------------------------------AGCTCAAAAGATGGCCAGCCAAGAAAAG  -10

2-2       ATGTTGGATACTTGTCTGGAACCATCTGGT------------------------------------------AGCTCAAAAGATGGCCAGCCAAGAAAAG  -6

2-5       ATGTTGGATACTTGTCTGGAACCATCTGGT------------------------------------------AGCTCAAAAGATGGCCAGCCAAGAAAAG

2-7       ATGTTGGATACTTGTCTGGAACCATCTGGT------------------------------------------AGCTCAAAAGATGGCCAGCCAAGAAAAG

2-13      ATGTTGGATACTTGTCTGGAACCATCTGGT------------------------------------------AGCTCAAAAGATGGCCAGCCAAGAAAAG

2-3       ATGTTGGATACTTGTCTGGAACCAT-----------------------------------------------AGCTCAAAAGATGGCCAGCCAAGAAAAG  -11

2-6       ATGTTGGATACTTGTCTGGAACCAT-----------------------------------------------AGCTCAAAAGATGGCCAGCCAAGAAAAG

2-4       ATGTTGGATACTTGTCTGGAACCATCTGGT-------------------------------------------GCTCAAAAGATGGCCAGCCAAGAAAAG  -7

2-10      ATGTTGGATACTTGTCTGGAACCATCTGGT-------------------------------------------GCTCAAAAGATGGCCAGCCAANN----

2-8       ATGTTGGATACTTGTCTGGAACCATCTGGTG---------------------------------------GTAGCTCAAAAGATGGCCAGCCAAGAAAAG  -4+1

2-9       ATGTTGGATACTTGTCTGGAACCATCTGGTG---------------------------------------GTAGCTCAAAAGATGGCCAGCCAAGAAAAG

2-11      ATGTTGGATACTTGTCTGGAACCATCTGGTCATTTTACATAATGTTGGATACTTGTCAGAACCATCTATCATAGCTCAAAAGATGGCCAGCCAAGAAAAG  -3+29

2-12      ATGTTGGATACTTGTCTGGAACCATCTGGTG------------------------------------------GCTCAAAAGATGGCCAGCCAAGAAAAG  -6

2-14      ATGTTGGATACTTGTCTGGAACCATCT---------------------------------------------AGCTCAAAAGATGGCCAGCCAAGAAAAG  -9

2-15      ATGTTGGATACTTGTCTGGAACCATCTGGT-------------------------------------------GCTCAAAAGATGGCCAGCCAAGAAAAG  -12

2-16      ATGTTGGATACTTGTCTGGAACCATCTGGTGAT---------------------------ATATTTTATTGTAGCTCAAAAGATGGCCAGCCAAGAAAAG  -4+13

C1.332-1: 10/14 (71.4%)

exon1           ACCTTCTGGTGCACA--------------CAACTCTAAAGAT--GGTCG-TCCCAAACAT

1-6             ACCTTCTGGTGCACA--------------CAACTCTAAAGAT--GGTCG-TCCCAAACAT

1-9             ACCTTCTGGTGCACA--------------CAACTCTAAAGAT--GGTCG-TCCCAAACAT

1-12            ACCTTCTGGTGCACA--------------CAACTCTAAAGNATGGNNCG-TCCCAAACNT

1-16            ACCTTCTGGTGTAAAA-------------CAACTCTAAAGAT--GGTCG-TCCCAAACAT

1-1             ACCTTCTGGTGCT-------------------CTCTAAAGAT--GGTCG-TCCCAAACAT  -5

1-2             ACCCCCTT-----CA--------------CAANTCTNAANAT--GGTCT-NCCCANACAT  -5

1-3             ACCTTCTGGTGGAACC------------TCAACTCTAAAGAT--GGTCGATCCCAAAC-- +2

1-4             ACCTTCTGGTG------------------------TAAAGAT--GGTCG-TCCCAAACAT  -9

1-5             ACCTTCTGGTGA------------------ATCTCTA----------------------- -9?

1-7             ACCTTCTGGTGCTCTAAAG-----------AACTCTAAAGAT--GGTCG-TCCCAAACAT  -4+7

1-8             ACCTTC------------------------AACTCTAAAGAT--GGTCG-TCCCAAACAT  -10

1-11            ACCTTCTA---------------------CAACTCTAAAGAT--GGTCG-TCCCAAACAT  -7

1-14            ACCTTCTGGTGCTTGTATGGAACCTTCTTCAACTCTAAAGAT--GGTCG-TCCCAAACAT  -3+17

1-15            ACCTTCTGGTGC------------------AACTCTAAAGAA--A---------AAAAAT  -4

C1.332-2: 14/14 (100%)

exon1           TTGAATTAACAAAA-TGGATTTTTGTATGGAACCTTCTGGTGCACACAACTCTAAAGATG

2-1             TTGAATTAACAAAA-TGGATTTTTGTATGGAACCTTCTGGTGCACAC--------AGATG  -8

2-6             TTGAATTAACAAAA-TGGATTTTTGTATGGAACCTTCTGGTGCACAC--------AGATG

2-2             TTGAATTAACAAAA-TGGATTTTTGTATGGAACCTTCTGGTGCACAC-----TAAAGATG  -5

2-7             TTGAATTAACAAAA-TGGATTTTTGTATGGAACCTTCTGGTGCACAC-----TAAAGATG

2-8             TTGAATTAACAAAA-TGGATTTTTGTATGGAACCTTCTGGTGCACAC-----TAAAGATG

2-14            TTGAATTAACAAAA-TGGATTTTTGTACGGAACCTTCTGGTGCACAC-----TAAAGATG

2-3             TTGAATTAACAAAA-TGGATTTTTGTGTGGAACCCTCTGGTGGTCTA-------AAGATG  -7

2-9             TTGAATTAACAAAA-TGGATTTTTGTACGGAACCTTCTGGTGCACTA-------AAGATG

2-11            TTGAATTAACAAAA-TGAATTTTTGTATGGAACCTTCTGGTGCACTA-------AAGATG

2-12            TTGAATTAACAAAA-TGAATTTTTGTATGGAACCTTCTGGTGCACAC-------AAGATG

2-4             TTGAATTAACAAAA-TGGATTTTTGTATGGAACCTTCTGGTGCACAC----------ATG  -10

2-13            TTGAATTAACAAAAATGGATTTTTGTATGGAACCTTCTGGNGCACACTT----AAANATG  -10+6

2-15            TTGAATTAACAAAA-TGGATTTTTGTATGGAACCTTCTGGTGCACACA------AAGATG  -6

2-16            TTGAATTAACAAAA-TGGATTTTTGTACGGAACCTTCTGGTGCACACTC---TAAAGATG  -3

AATGTTGGATACTTGTctggaacc---------a------tc------tggtGCACATAGCTCAAAAG

ACTTGTCTGGAACCATctggt------gca------------------------------catagctCAAAAGATGGCCAGCCA

TTTTGTATGGAACCTTctggtgcaca--------------caactcTAAAGAT--GGTCGTCCC

ATGGAACCTTCTGGTGcacacaactctaaaGATGGTCGTCCCAAAC

e

f

Fig. S4 Continued

Fig. S4

Designs of TALEN pairs targeting Tast genes.

a-c. The targets of the left and right TALENs and the primers for genotyping are shown in the genome 

sequences.

d-f. The genotypes observed in the TALEN-injected tailbud larvae and the efficiency of mutagenesis caused by 

TALEN pairs. 



egg: unfertilized eggs (0 hpf)

gas: gastrula (3 hpf)

tail: tailbud larvae (8 hpf)

tad: tadpole larvae (14 hpf)

met: metamorphic larvae 

after tail contraction (44 hpf)

ts: adult testes
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Fig. S5

Fig. S5 At least three Tast genes were expressed at the developmental stages.



Fig. S6

Fig. S6 The whole image of the gel shown in Figure 2.
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Supplementary Table 1 The primers for amplification of the full coding sequences of Tast genes.

Target Primer name Sequence
Restriction 

site

Tast1 C9.806for TTGGTACCATTGTAAAAATGGAGGAAC KpnI

Tast1 C9.806rev TGTGGATCCACAAGATAACAATAAGC BamHI

Tast2b C1.618for TAGGTACCAAAATAAAATCTGAAATGG KpnI

Tast2b C1.618rev AATGGATCCAATGAAATGTCTTTTATG BamHI

Tast2a C1.533for TCGGTACCACATTTTACATAATGTTG KpnI

Tast2a C1.533rev CTGGGATCCTAGATGTTAAACTGGTT BamHI

Tast2c C1.493for2 AAAggtacCGAATTATTCAAGTGGCC KpnI

Tast2c C1.493rev TTGGGATCCATTTTTGTTGATCAC BamHI

Tast2d C1.332for GAGATATCAAAATGGATTTTTGTATGG EcoRV

Tast2d C1.332rev AACGGATCCAATTTCATTAATATAAC BamHI

Supplementary Table 2 The primers designed for 5'-RACE of Tast2c.

Target Primer name Sequence
Restriction 

site

BglII site + oligo (dC) BglII-(dC)10 AAGATCTCCCCCCCCCC BglII

C1.493 GSP for 5'-RACE C1.493RACE1 ctcggatCCTTTAACATAGAGAGCAC BamHI

Supplementary Table 3. The primers used in confirmation of the sequences of cloned Tast genes.

Target Primer name Sequence
Restriction 

site

pBluescript universal primer-binding site M13-20 CGACGTTGTAAAACGACGGCCAGT -

pBluescript universal primer-binding site T3 promoter ATTAACCCTCACTAAAGGGAA -

Tast1 C9.806seq1 GGGATTGGTTGTTCAAAAGC -

Tast1 C9.806seq2 TGTGTTCCCTTCACATTTGC -

Tast2b C1.618seq1 TATGGGTGCGATTATGTCGG -

Tast2b C1.618seq2 ACTGTGACCTTCTAGGACAG -

Tast2a C1.533seq1 GCTGTTCTTCTTCCATCGGG -

Tast2a C1.533seq2 TGTTCCCCAAGCAATTTGAG -

Tast2c C1.493seq1 AAGATATTTCTGAGCTGAATGC -

Tast2c C1.493seq2 CCACATGTAGTTGTGCATGC -

Tast2d C1.332seq1 GAATTTCTTGACAAATACGGG -

Tast2d C1.332seq2 GCCATCACACTTCCATGATG -

Supplementary Table 4. The primers for PCR amplification and genotyping of TALEN-targeted sequences.

Target Primer name Sequence
Restriction 

site

Tast1 exon 1 C9.806exon1 cagacatgtatacggttaac -

Tast1 exons 1~2 C9.806e2r ccgtcttctttgtatagtcc -

Tast2a exon 1 C1.533exon1 ctgccaccaaacttaacaag -

Tast2a exon 1 C1.533e1r catcaataattttccatcgcc -

Tast2d exon 1 C1.332e1f ctttgcgttcttattctgtg -

Tast2d exon 1 C1.331exon1 acaagccttgaaccaattac -


