Supplemental Fig. S1. Expected segregation ratios for one vs. three cells contributing

to gamete formation in an individual flower.
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In Arabidopsis, gametes in individual flowers are formed as offspring from a single germline
cell (Greene et al., 2003). Therefore, a 1:2:1 segregation between homozygous mutant vs.
heterozygous vs. homozygous wild type plants is observed in the M, offspring of a
mutagenized embryo with respect to a single locus (Greene et al., 2003; left). The observed
1:10 ratio between homozygous mutant and heterozygous plants in Lotus could be explained
by the presence of 3 germline cells in an individual flower, producing to six types of gametes

in the male and female reproductive organs (right).



Supplemental Fig. $S2. Overview of mutant alleles in nodulation genes identified by
TILLING.
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Supplemental Fig. S3:

Allelic series of symbiosis genes in Lotus japonicus

Coding regions are indicated by grey boxes, non-coding regions by thin lines. Symbols above and below the genes
specify the mutation position and type of the respective alleles:

red octagons  stop mutations
red diamonds splice site mutations
red squares deletions or insertions

blue triangles single amino acid changes

green circles  mutations leading to synonymous exchanges
or mutations in non-coding regions.

Thick black lines at the bottom indicate the regions covered by separate TILLING reactions.

Phenotype information in the tables is given for the respective progenitor/mutant line. Cases where lines harbour
more than one mutation in nodulation genes are explained in footnotes.



Allelic series of symbiosis genes in Lotus japonicus: CASTOR
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Allle line name mutation? Bffect phenotype® AM phenotype TILLING Mz plante Reference
Aar76-Car81 " Imaizumi-Anraku et al., 2005;
castor-1 282-227 sym4-1 deletion Laze-Asgo deletion - - Kistner et al., 2005
Imaizumi-Anraku et al., 2005;
castor-2 EMS1749 sym4-2 Gios7to A Awito T - - NONPOP+ HOM Kistner et al,, 2005
Imaizumi-Anraku et al., 2005;
.3d . - - g 4
castor-3 EMS46 sym22-1 Giess to A Gagsto E NODPOP+ HOM Kistner et al. 2005
castor-4 25-5A sym71-1 Crrs del. frame shift - nd. Imaizumi-Anraku et al., 2005
24-8B; . . Imaizumi-Anraku et al., 2005;
castor-5¢ SL1937.2 sym71-2 Gaosa to A Wiags to stop - nd.;- this work
castor-6 N5 Cosssto T Pegs to L - nd. Imaizumi-Anraku et al., 2005
Vsgs to | —
castor-7 N10 Gass to A (splice site?) - nd. Imaizumi-Anraku et al., 2005
castor-8 G00472 > 20 kb deletion CASTOR deletion - n.d. Imaizumi-Anraku et al., 2005
castor-9 G00716 > 20 kb deletion CASTOR deletion - n.d. Imaizumi-Anraku et al., 2005
117 bp deletion
castor-10 (00862 from exon 4 to frame shift - n.d. Imaizumi-Anraku et al., 2005
intron 4
castor-11 M89-27 Troar1 del. frame shift - nd. Imaizumi-Anraku et al., 2005
castor-12 SL3251-2 Gargto A Was to stop - - NODPOP HOM Imaizumi-Anraku et al., 2005
. both in R
castor-13 SL0820-2,3 Gasr2to A Dasato N (=),(=) n.d.,(-) NODPOP HET, HOM Imaizumi-Anraku et al., 2005
nd.,-,n.d.,n.d. allin _—
castor-14 SL1715-2,3,4,5,6 Gogrt to A Asoto T S 9o el all HOM Imaizumi-Anraku et al., 2005
R nd. NODPOP
castor-15 SL1966-3 Cionto T Taugtol - - NODPOP HOM Imaizumi-Anraku et al., 2005
castor-16¢ SL3160-3 Giess to A Gassto E - - NODPOP HOM Imaizumi-Anraku et al., 2005
castor-17 SL6812-2 Garsto A Rsoo to H +/- - NODPOP HOM Imaizumi-Anraku et al., 2005
castor-18 KL549 nd. nd. - nd. Sandal et al., 2006
castor-19 (G00532-21 >90 kb del. CASTOR del. - n.d. Sandal et al., 2006
castor-20 LKL186-4 Cos27t0 G S5 to stop - nd. NODPOP+ HOM Sandal et al., 2006
castor-21 B32-BA! Gisoa to A Essto K (=) +) Murray et al., 2006
castor-22¢ S41-1s; Gaosato A Wiaes to stop (-);- (+);- Murray et al., 2006
SL1937-2 ) ) N
castor-23¢ B5-2¢ Gress to A Gasto E ) (=) Murray et al., 2006
castor-24 B68-Ban Giossz to A Weaso to stop ) ) Murray et al., 2006; this work
castor-25 S46-1i Gistto A Wizs to stop (=) (=) NODPOP+ HOM Murray et al., 2006



Allelic series of symbiosis genes in Lotus japonicus: CASTOR
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this work

? The CASTOR genomic sequence is deposited to GenBank under accession number AB162016 and is used as Lotus japonicus Gifu reference. Adenine of the ATG initiator codon is
designated as position 1.

° Phenotypes that are scored only in the initial M2 generation are denoted by *; no star stands for additional screening in the M3 generation. In the nodulation phenotype [
designates reduced nodule number, smaller size or white colour. Annotations in brackets indicate lines harbouring more than one mutation in nodulation genes.

¢ Genotype of progenitor or mutant plant in the M, generation is given as HOM = homozygous or HET = heterozygous with respect to the mutant allele.

d castor-3, castor-16 and castor-23 are identical alleles.

© castor-5 and castor-22 are identical alleles.
" Lines SL0820-2,3 carry the mutant alleles castor-13 and ccamk-8.

9 Lines contain in addition a har1-1 mutation.

" Line B68-B carries an additional heterozygous mutation Aspg to G in intron 6.

' Line S46-1 carries the mutant alleles castor-25, nin-10, and har1-1.
¥ Line 282-643M1M1M3 carries the mutant alleles castor-28, ccamk-7, and nup85-9.



Allelic series of symbiosis genes in Lotus japonicus: CCaMK
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ccamk-1 282-1078 sym15-1 .fslﬂ.eo’ﬂ ;ipff:; intron 1 +- nd. ileauzzroj' 'arliFi ;?Igs e?:"czhgggg
ment Gses-Tas

ccamk-2 cac57.3 sym15-2 Gssorto T Ess3 to stop - n.d. D:Ir.rjczrz)e()r;o]_ﬁ;:ih:(g‘glf iZS(tJrE)(iiraet
ccamk-3 8-1G sym72 Ggoto A Gato E - nd. Sj”%%g;a.lrmzc?]?:e I:ta\;vﬁg;g&ii:t
ccamk-4 N20 CrstoT Sasto F nd. nd. Tirichine et al., 2006a
ccamk-5 B91-B¢ Gartto A Giuto D ) () NODPOP+ HOM Murray et al., 2006
ccamk-6 S95-B¢ Gsoto A GastoR (=) (=) NODPOP+ HOM Murray et al., 2006
camk? gl CantoT RirtoC = nd. NODPOP+ HET o te, pers
coamk-8 $L082012,3,4 Gasoto A Wass to stop Y nd.,(-),nd. N oa[';Fi,”OP all HoM this work
ccamk-9 SL6438-234 Camto T intron 2 nd.~nd. ndndnd Nooeop all HET this work
ccamk-10 SL0240-2 Garss to A intron 3 +/- nd. NODPOP HOM this work
ccamk-11 SL5820-2 Caoto T intron 4 + nd. NODPOP HET this work
ccamk-12 SL5536-2 Carssto T intron 5 +[-* n.d. NODPOP HET this work
ccamk-13 cac57.9 7 2%;?552? frame shift - nd. LH. l\::lislir;;r::an.iCSatg:gaard,

snf1-1 SL0467 Casnato T Tasstol snfa nd. Tirichine et al., 2006a; 2000b

? The CCaMK genomic sequence is deposited to GenBank under accession number AM230792 and is used as Lotus japonicus Gifu reference. Adenine of the ATG initiator codon is
designated as position 1.

° Phenotypes that are scored only in the initial M2 generation are denoted by *; no star stands for additional screening in the M3 generation. In the nodulation phenotype o[
designates reduced nodule number, smaller size or white colour. Annotations in brackets indicate lines harbouring more than one mutation in nodulation genes.

¢ Genotype of progenitor or mutant plant in the M generation is given as HOM = homozygous or HET = heterozygous with respect to the mutant allele.
9 Lines contain in addition a har?-1 mutation.

¢ Line 282-643M1M1M3 carries the mutant alleles castor-28, ccamk-7, and nup85-9.

 Lines SL0820-2,3 carry the mutant alleles castor-13 and ccamk-8.

9 Spontaneous nodule formation.



Allelic series of symbiosis genes in Lotus japonicus: CYCLOPS

CYCLOPS
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Progenitor/ Previous Genomic Nodulation b Detected by Genotype of
Allele mutant line name mutation? Effect phenotype® AM phenotype TILLING Mz plante Reference
insertion at the . Schauser et al., 1998; Kistner et
cyclops-1 10512.9 symé-1 end of exon 10 frame shif - - al., 2005; Yano et al., 2008
1962-124; . . . pASac124 in Schauser et al., 1998; Yano et al.,
cyclops-2 pASac124 syme-2 Atesa del. frame shif -ind. -ind. NODPOP+ HOM " 5008; Sandal et al, 2006; tis work
sym30, Schauser et al., 1998;
cyclops-3 EMS126 sy m6-é Gout to A W31 to stop - - NODPOP+ HOM Szczyglowski et al., 1998; Kistner
¥ etal., 2005; Yano et al., 2008
cyclops-4 N-4 sym82 Coto T Qio7 to stop - - Yano et al., 2006; 2008
cyclops-5 SL1347-2 Gasos del. frame shift +/- nd. NODPOP HOM Yano et al., 2008; this work
cyclops-6 SL0488-3 Crato T R4 to stop -* nd NODPOP HOM this work
cyclops-7 SL0295-2 Ciasto T intron 4 +/- + NODPOP HET this work

@ The CYCLOPS genomic sequence is deposited to GenBank under accession number AP009158 and is used as Lotus japonicus MG20 reference. Adenine of the ATG initiator codon
is designated as position 1.

° Phenotypes that are scored only in the initial M2 generation are denoted by *; no star stands for additional screening in the M3 generation. In the nodulation phenotype e[
designates reduced nodule number, smaller size or white colour.

¢ Genotype of progenitor or mutant plant in the M, generation is given as HOM = homozygous or HET = heterozygous with respect to the mutant allele.



Allelic series of symbiosis genes in Lotus japonicus: NFR1
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nirt-1 282118 sym1-1 Carsto T Quss to stop - + SCgf”;ng‘ g'angl’zt Efd;é%'g et
nfr1-2 282-665 sym1-2 Gseerto T Eszo o stop - + SCZ?“;SB;‘ gLnLi?it :f‘d;‘é%ig et
nfr1-3 N38 nd. n.d. nd. nd. Sandal et al., 2006
nfr1-4 G71-23 n.d. nd. n.d. n.d. Sandal et al., 2006
nfr1-5 5L0456-2¢ Gato A Gosto D * nd. NODPOP HET this work
nfr1- SL5426-3¢ Garrto A Gus o E = * NODPOP HOM this work
nfrt-7 $L0355-3 G o A (SK?GB oK = ) NODPOP HOM this work

plice site?)

nfr1-8 5110002 Guszato A intron 9 - nd. NODPOP HOM this work
nfr1-9 SL6832-2 Gasto to A intron 9 +/-+ nd. NODPOP HET this work
nfr1-10 SL1174-2 Gosetto A AstoT - + NODPOP HOM this work
nfr1-11 SL1977-4 Caunzto T Quis to stop - nd. NODPOP HOM this work
nfrt-12 SL6793-2 Gsiosto A splice site - nd. HoM this work
143 SL1503-3456 Goaar to A Dessto N nd.- P all HET this work

? The NFR1 genomic sequence is deposited to GenBank under accession number AJ575247 (NFR1b) and is used as Lotus japonicus Gifu reference. Adenine of the ATG initiator

codon is designated as position 1.

° Phenotypes that are scored only in the initial M2 generation are denoted by *; no star stands for additional screening in the M3 generation. In the nodulation phenotype "/
designates reduced nodule number, smaller size or white colour. Annotations in brackets indicate lines harbouring more than one mutation in nodulation genes.

¢ Genotype of progenitor or mutant plant in the M, generation is given as HOM = homozygous or HET = heterozygous with respect to the mutant allele.
9 Line SL0456-2 carries the mutant alleles nfr1-5 and pollux-28.

® Line SL5426 carries the mutant alleles nfr1-6, nfr5-6 and nin-9.

" Line SL0355-3 carries the mutant alleles nfr1-7 and nup133-18.



Allelic series of symbiosis genes in Lotus japonicus: NFR5
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Progenitor/ Previous Genomic Nodulation b Detected by Genotype of
Allele mutant line name mutation? Effect phenotype® AM phenotype TILLING Mz plante Reference
Griag-Tr1es Madsen et al., 2003; Sandal et al.,
nfr5-1 282-894 deletion Esso-Aass deletion - + 2006
transposon . Madsen et al., 2003; Sandal et al.,
nfr5-2 KL865 symb insertion at Croo frame shift - + 2006
EMS223; . . SL3257-2in SL3257-2is  Madsen etal., 2003; Sandal et al.,
nfr5-3 SL3057.2 sym25 Cieato T Qss to stop - ++ NODPOP HOM 2006: this work
fr5-4 S4-10 Gutsto A G toE 0 ) Madsen et al., 2003; Murray et al.,
Madsen et al., 2003; Murray et al.,
nfr5-5 §58-14 Grnto A Waos to stop © +) 2006 Y
B31-E¢; . . . NODPOP+; X Madsen et al., 2003; Murray et al.,
nfr5-6 SL5426¢ Coay del. frame shift [GXC] (+);nd. NODPOP HOM; HOM 2006: this work
nfr5-7 SL1093-2 Gass to A Viggto | +* n.d. NODPOP HOM this work
3 ot N allin HOM, HET, )
nfr5-8 SL1719-274,5 Graoto A GapstoR (=), =+ (+),+,nd. NODPOP HET this work
nfrb-9 SL5390-2 Gazto A CuottoY - + this work
nfr5-10 SL1999-4 Gioog to A Asrto T n.d. n.d. NODPOP HET this work

2 The NFR5 genomic sequence is deposited to GenBank under accession number AJ575254 and is used as Lotus japonicus Gifu reference. Adenine of the ATG initiator codon is
designated as position 1.

° Phenotypes that are scored only in the initial M2 generation are denoted by *; no star stands for additional screening in the M3 generation. In the nodulation phenotype [
designates reduced nodule number, smaller size or white colour. Annotations in brackets indicate lines harbouring more than one mutation in nodulation genes.

¢ Genotype of progenitor or mutant plant in the M, generation is given as HOM = homozygous or HET = heterozygous with respect to the mutant allele.
¢ Lines contain in addition a har?-1 mutation.

¢ Line SL5426 carries the mutant alleles nfr1-6, nfr5-6 and nin-9.

" Line SL1719-2 carries the mutant alleles nfr5-8 and nsp1-5.



Allelic series of symbiosis genes in Lotus japonicus: NIN
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Progenitor/ Previous Genomic Nodulation b Detected by Genotype of
Allele mutant line name mutation? Effect phenotype® AM phenotype TILLING Mz plante Reference
. transposon . Schauser et al., 1999; Sandal et
nin-1 96.1M2 insertion at Cygs e S - * al. 2006
nin-2 96‘1,M2 1ran§p050n frame shift - + Schauser et al., 1999
offspring 1 footprint at C1asg
nin-3 96'1.M2 traqsposon frame shift - + Schauser et al., 1999
offspring 2 footprint at C1ase
. 96.1M2 transposon amino acid
nin-4 offspring 3 footprint at C14s0  insertion Va1o-Nat1 + * Schauser etal., 1999
. 96.1M2 transposon amino acid
nin-5 offspring 4 footprint at C1ase insertion Nato + * Schauser etal., 1999
. transposon amino acid -
nin-6 KL773 footprint at C14s9  insertion Va1o-Na11 + nd. N. Sandal, pers. communication
nin-7 KL577 nd. n.d. - + Sandal et al., 2006
. B21-1¢; . . both in -
nin-8 BAT-B Cirgsto T Qs19 to stop (-);n.d. (-);n.d. NODPOP+ both HOM Murray et al., 2006; this work
. SL5369¢; . . both in )
nin-9 L5426 Giooz to A Vass to M (+);) nd.;nd. NODPOP HOM, HOM this work
nin-10 S46-19 Graszto A Asssto T ) ) NODPOP+ HOM Murray et al., 2006; this work
nin-11 SL0605-2,3" Grasg to A Eswoto K (=),(=*) (-),n.d. NODPOP HOM this work
. e ae allin HET, HOM, )
nin-12 SL1798-2,4,5 Grazrto A Rsgs to K + 4+ n.d.,n.d.,n.d. NODPOP HET this work
nin-13 SL3012-1 Gasst to A Gessto R n.d. n.d. GENPOP HOM this work
nin-14 SL5800-3 Gogsto A Expto E - nd. NODPOP HET this work

2 The NIN genomic sequence is deposited to GenBank under accession number AJ238956 and is used as Lotus japonicus Gifu reference. Adenine of the ATG initiator codon is
designated as position 1.

° Phenotypes that are scored only in the initial M. generation are denoted by *; no star stands for additional screening in the Ms generation. In the nodulation phenotype "+/-"
designates reduced nodule number, smaller size or white colour.

¢ Genotype of progenitor or mutant plant in the M. generation is given as HOM = homozygous or HET = heterozygous with respect to the mutant allele.
9 Line contains in addition a har1-1 mutation.

¢ Line SL5369 carries the mutant alleles nin-9 and nsp2-9.

f Line SL5426 carries the mutant alleles nfr1-6, nfr5-6 and nin-9.

9 Line S46-1 carries the mutant alleles castor-25, nin-10, and har1-1.

" Lines SL0605-2,3 carry the mutant alleles nin-11 and symrk-9



Allelic series of symbiosis genes in Lotus japonicus: NSP1
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Progenitor/ Previous Genomic Nodulation b Detected by Genotype of
Allele mutant line name mutation? Effect phenotype® AM phenotype TILLING Mz plante Reference
nsp1-1 SL1795-4 Giseo to A Wizo to stop - + Heckmann et al., 2006
nsp1-2 $70-1 CroutoT Quz tostop nd nd NODPOP+ HOM K. Szczyglowsid, pers.
e h communication; this work

nsp1-3 SL0074-3 Croorto T Sassto F +* nd. NODPOP HOM this work
nsp1-4 SL0241-2 Asts to G Nisgto S +* nd. NODPOP HET this work
nsp1-5 SL1719-2¢ Gresto A Sxst0 S (+]-) G NODPOP HOM this work

? The NSP1 genomic sequence is deposited to GenBank under accession number EF012819 and is used as Lotus japonicus Gifu reference. Adenine of the ATG initiator codon is
designated as position 1.

° Phenotypes that are scored only in the initial M2 generation are denoted by *; no star stands for additional screening in the M3 generation. In the nodulation phenotype /-
designates reduced nodule number, smaller size or white colour. Annotations in brackets indicate lines harbouring more than one mutation in nodulation genes.

¢ Genotype of progenitor or mutant plant in the M, generation is given as HOM = homozygous or HET = heterozygous with respect to the mutant allele.

9 Line SL1719-2 carries the mutant alleles nfr5-8 and nsp1-5.



Allelic series of symbiosis genes in Lotus japonicus: NSP2

NSP2
() (©)
A 24 A4
PRANNN VY F
: é 1500
1
: = :
0 1000 bp
woo P Peas S g MO e DS G

nsp2-1 cac18.4 Trsto A Vass to E - + E?‘;’fgé‘ggée;\ﬂmiggﬁe';'ifk;”gg;
nsp2-2 [sym35/sym70] Ss};/ ':137% large deletion NSP2 del. - + E?‘gf g;ggée:\aﬂraig?n%e':gfkggg;
nsp2-3 SL0781-3 Croto T Qa4 to stop - + NODPOP HOM Heckmann et al., 2006
nsp2-4 SL2663-3 Cessto T Pags to P - n.d. NODPOP HET this work
nsp2-5 B32-Ad n.d. n.d. ) (+) Murray et al., 2006
nsp2-6 B85-E¢ Cusrto T Qus3 to stop () (+) Murray et al., 2006
nsp2-7 B90-A¢ Casoto T AxotoV ) (+) Murray et al., 2006
nsp2-8 SL1898-4 Gassto A Giszto D ++ n.d. NODPOP HET this work
nsp2-9 SL5369° Caroto T Atsoto V +) n.d. NODPOP HOM this work
nsp2-10 SL1055-1 Custo T Sasto F nd. nd. GENPOP HET this work
nsp2-11 $58-1 CosstoT PastoS nd. nd. NODPOP+ HOM K. Szczyglowski, pers.

communication; this work

@ The NSP2 genomic sequence is deposited to GenBank under accession number DQ665943 and is used as Lotus japonicus Gifu reference. Adenine of the ATG initiator codon is
designated as position 1.

° Phenotypes that are scored only in the initial M2 generation are denoted by *; no star denotes additional screening in the M3 generation. Annotations in brackets indicate lines
harbouring more than one mutation in nodulation genes.

¢ Genotype of progenitor or mutant plant in the M, generation is given as HOM = homozygous or HET = heterozygous with respect to the mutant allele.
9 Lines contain in addition a har1-1 mutation.

¢ Line SL5369 carries the mutant alleles nin-9 and nsp2-9.
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Allelic series of symbiosis genes in Lotus japonicus: NUP85
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Progenitor/ Previous Genomic Nodulation b Detected by Genotype of
Allele mutant line name mutation? Effect phenotype® AM phenotype TILLING Mz plante Reference
nup85-1¢ EMS76 sym24 Gagaa to A Ws0s to stop - - Saito et al., 2007
splice site,
nup85-2 1-1E sym73 Geozs to A deletion of exon - +/- Saito et al., 2007
13
3 ¥ splice site, _ _ .
nup85-3 1-6F sym85 Geozo to A leads o stop Saito et al., 2007
nup85-4 B46-De Gs1st0 A splice site ) ) Murray et a|,,22000076; Saito etal,,
nup85-5¢ EMS76 Gago2 to A Wigs to stop - - NODPOP+ HOM Kistner et al., 2005; this work
nup85-6 SL0948-9 Coaorto T Sasto F +/-+ nd. NODPOP HOM this work
nup85-7 PgusTMIM1 Avios del. frame shift +- nd. NODPOP+ HOM N. Sandal and J. Stougaard, pers.
communication; this work
nup85-8 SL0206-3 Crasto T Sezsto F + nd. NODPOP HET this work
nups59  282-643MAMIMS! Tostst0 C intron 4 ) nd. NODPOP+ HET N. Sandal and J. Stougaard, pers.
communication; this work
nup85-10 SL0005-2 Cosasto T intron 10 +* nd. NODPOP HOM this work

2 The NUP85 genomic sequence is deposited to GenBank under accession number AP009253 and is used as Lotus japonicus MG20 reference. Adenine of the ATG initiator codon is
designated as position 1.

° Phenotypes that are scored only in the initial M2 generation are denoted by *; no star stands for additional screening in the M3 generation. In the nodulation phenotype [
designates reduced nodule number, smaller size or white colour, in the AM phenotype it designates delayed colonization. Annotations in brackets indicate lines harbouring more
than one mutation in nodulation genes.

¢ Genotype of progenitor or mutant plant in the M generation is given as HOM = homozygous or HET = heterozygous with respect to the mutant allele.
a nup85-1 and nup85-5 are the same allele in the same line.

¢ Lines contain in addition a har1-1 mutation.

" Line 282-643 carries the mutant alleles castor-28, ccamk-7, and nup85-9.
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Allelic series of symbiosis genes in Lotus japonicus: NUP133

NUP133
o 0‘0 ? B 9 @
' Q oo R
1 3 5 7
——————
2 6
———————
0 1000 bp 4
Progenitor/ Previous Genomic Nodulation b Detected by Genotype of
Allele mutant line name mutation? Effect phenotype® AM phenotype TILLING Mz plante Reference
A1196-T1205 . Schauser et al., 1998; Kanamori et
nup133-1 5371-22 sym3-1 deletion frame shift - - al., 2006
Tasaz-Tasas . Schauser et al., 1998; Kanamori et
nup133-2 2557-1 sym3-2 deletion frame shift - - al., 2006
g g transposon ] _ _ Schauser et al., 1998; Kanamori et
nup133-3 cac33.1 sym3-3 insertion at Tsizs frame shift al., 2006
nup133-4¢ EMS247¢ sym4ss Tares del. frame shift - Schauser et Z'l" 12%%% Kanamori et
nup133-5 B46-Ce Gsato A Wiess to stop nd. nd. Murray et al., 2006
nup133-6 B62-De Gz to A Wss2 to stop (+/-) ) Murray et al., 2006
nup133-7 B80-A¢ Gugs to A Enoto K () (=) Murray et al., 2006
nup133-8 B88-B2¢ Cotto A Qsr9 to stop ) ) Murray et al., 2006
nup133-9 Sup12e Gassr to A Wess to stop (+/-) () Murray et al., 2006
nup133-10 SL0886 Geoo to A Giosto D + nd. NODPOP HET this work
nup133-11 SL5179-12 Cuoorto T Q271 to stop - nd. NODPOP HOM this work
nup133-12 SL0443-3 Cograto T Qi140 to stop - - NODPOP HOM this work
. y _ _ K. Szczyglowski, pers.
nup133-13 B30-A Terssto G Y1234 to stop NODPOP+ HET communication: this work
nup133-14 SL0317-3f Ganto A Eerto E (+ nd. NODPOP HET this work
nup133-15 SL0615-2 Gasto A Losto L - n.d. NODPOP HOM this work
nup133-16 SL5390-2 Geosz to A K120z to K - + NODPOP HET this work
nup133-17 SL1409-2 Corosto T Liagto L +* n.d. NODPOP HET this work
nup133-18 SL0355-3¢ Gaog to A splice site ) +) this work
SL2032-2;
nup133-19 SL4119-2; Giose to A Waro to stop - nd.;n.d.;n.d. this work
SL5064-2;
nup133-20 SL0836-2 Gssso to A intron 7 -* nd. NODPOP HET this work
nup133-21¢ EMS247¢ sym45e Gusso to A splice site nd. nd. Schauser et al, 1998; Kanamori et

al., 2006; this work

? The NUP133 genomic sequence is deposited to GenBank under accession number AJ890252 and is used as Lotus japonicus Gifu reference. Adenine of the ATG initiator codon is

designated as position 1.

° Phenotypes that are scored only in the initial M2 generation are denoted by *; no star stands for additional screening in the M3 generation. In the nodulation phenotype "t/
designates reduced nodule number, smaller size or white colour. Annotations in brackets indicate lines harbouring more than one mutation in nodulation genes.

° Genotype of progenitor or mutant plant in the M generation is given as HOM = homozygous or HET = heterozygous with respect to the mutant allele.

9 Line EMS247 carries two mutations marked as mutant alleles nup133-4 and nup133-21.
¢ Lines contain in addition a har1-1 mutation.

" Line SL0317-3 carries the mutant alleles nup133-14 and pollux-18.

9 Line SL0355-3 carries the mutant alleles nfr1-7 and nup133-18.
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Allelic series of symbiosis genes in Lotus japonicus: POLLUX

POLLUX
B v & (20 (¢ )
w
A154
\24
1 (24 Q é g o™
———————
1 3 4
2 5
0 1000 bp
Progenitor/ Previous Genomic Nodulation b Detected by Genotype of
Allele mutant line name mutation? Effect phenotype® AM phenotype TILLING Mz plante Reference
pollux-14 EMS70 sym23-1 Gis2to A Gaosto S - - NODPOP+ HOM Imaizumi-Anraku et al., 2005
pollux-2¢ EMS167 sym23-2 Giszto A Gasto S - - NODPOP+ HOM Imaizumi-Anraku et al., 2005
pollux-3 29-2A sym86-1 Tsees to A L4t to stop - nd. Imaizumi-Anraku et al., 2005
pollux-4 SL0571-2 CautoT SustoF - - NODPOP HET Imaizumi-Anraku et al., 2005
N both in o
pollux-5 SL3130-2,4 Groato A Ws20 to stop - - nd.,- NODPOP both HOM Imaizumi-Anraku et al., 2005
. both in -~
pollux-6 SL5691-3,4 Cioto T SaztoF - n.d,nd. NODPOP both HOM Imaizumi-Anraku et al., 2005
both in R
pollux-7 SL1899-2,4 Gazto A Gsato E +/-,+ n.d.,n.d. NODPOP both HOM Imaizumi-Anraku et al., 2005
N allin R
pollux-8 $L0159-2,3,5,6 Gaags to A Wreo to stop -, n.d.,nd,-,- NODPOP all HOM Imaizumi-Anraku et al., 2005
P allin f—
pollux-9 SL0405-2,3,5,6 Gsgas to A Essoto K =+ n.d.,n.d.,n.d.,n.d. NODPOP all HOM Imaizumi-Anraku et al., 2005
pollux-10 SL1070-2 Geoz1 to A Ges2t0 S - nd. NODPOP HOM Imaizumi-Anraku et al., 2005
pollux-11 B12-1A® Gizsto A Wiz to stop () ) Murray et al., 2006
pollux-12f B50-Ce Gieus to A splice site (+-) ) NODPOP+ HOM Murray et al., 2006
pollux-13 $49-De Gsesz to A splice site (=) (=) NODPOP+ HOM Murray et al., 2006
pollux-14 Sup3e Cugoato T PrgtoL ) (=) NODPOP+ HOM Murray et al., 2006
pollux-15 $24-1B¢ Ause-Cass deletion  Qisa-Hiss deletion nd (t) NODPOP+ HOM Murray et al., 2006
o A nd.,-,nd., allin )
pollux-16 SL5998-2,3,4,5,6 Guags to A splice site PR ndnd. NODPOP allHOM this work
pollux-17 SL1657-2 Grrto A Gaoito E - - NODPOP HOM this work
pollux-18 SL0317-3" Girgto A Gsato S (%) nd NODPOP HET this work
pollux-19° SL5821-35 Gress to A splice site - nd.,- both in both HOM this work
i d s NODPOP
ol20  SLOT29-610 Gounto A West to sto et . bothin both HOM this work
p s 3388 651 P y y NODPOP
pollux-21 SL1075-2 Gatgto A splice site - - NODPOP HOM this work
pollux-22 SL0283-4 Gagos to A Eess to K n.d nd NODPOP HET this work
pollux-23 SL4162-2 Caurto T Tustol ) (=) NODPOP HOM this work
pollux-24 SL1913-7i8¢ Crazto T intron 4 (+-),() (+),nd both in both HET this work
’ J n NODPOP
pollux-25 SL5546-2,3 CossstoT intron 8 ot ndund both in both HET this work
’ ! i NODPOP
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Allelic series of symbiosis genes in Lotus japonicus: POLLUX

pollux-26 SL0405-4 Gasarto A intron 6 -+ n.d. NODPOP HET this work
pollux-27 SL0299-2 Gasr2to A intron 6 = nd. NODPOP HOM this work
pollux-28 SL0456-2¢ Tsee7 to G intron 11 (+) nd. NODPOP HET this work
pollux-29 SL0387-3 Gagss to A Legs to L - nd. NODPOP HOM this work
pollux-30 SL1913-8' Geozz to A Gss2to G Gl n.d. NODPOP HET this work

@ The POLLUX genomic sequence is deposited to GenBank under accession number AB162017 and is used as Lotus japonicus Gifu reference. Adenine of the ATG initiator codon is
designated as position 1.

° Phenotypes that are scored only in the initial M2 generation are denoted by *; no star stands for additional screening in the M3 generation. In the nodulation phenotype /-
designates reduced nodule number, smaller size or white colour. Annotations in brackets indicate lines harbouring more than one mutation in nodulation genes.

¢ Genotype of progenitor or mutant plant in the M, generation is given as HOM = homozygous or HET = heterozygous with respect to the mutant allele.

d pollux-1 and pollux-2 are the same allele.

¢ Lines contain in addition a har1-1 mutation.

f pollux-12 and pollux-19 are the same allele.

9 Line S24-1B carries the mutant alleles pollux-15 and symrk-28.

" Line SL0317-3 carries the mutant alleles nup133-14 and pollux-18.

' Line SL1913-7 carries the mutant alleles pollux-24 and symrk-59.

¥ Line SL1913-8 carries the mutant alleles pollux-24 and pollux-30.

' Line SL0456-2 carries the mutant alleles nfr1-5 and pollux-28.
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Allelic series of symbiosis genes in Lotus japonicus: SYMRK

SYMRK
1 5 8
3 6
—_ ———————— —
1000 bp 4 7
Progenitor/ Previous Genomic Nodulation b Detected by Genotype of
Allle mutant line name mutation? Effect phenotype® AM phenotype TILLING M2 plante Reference
~4.9 kb insertion . Schauser et al., 1998; Stracke et
symrk-1 282-287 sym2 in exon 3 frame shift - - al. 2002
Schauser et al., 1998; Demchenko
symrk-2 262:288 nd. nd. - - etal., 2004; Kistner et al., 2005
~5.8 kb insertion . Stracke et al., 2002; Demchenko et
symrk-3 cacH1.5 sym2 in exon 4 frame shift h - al., 2004; Kistner et al., 2005
symrk-4 KL481 nd. nd. - - Sandal et al., 2006
symrk-5 cac67.6 n.d. n.d. - - Sandal et al., 2006
symrk-6 EMS34 G to A GostoR - nd. NODPOP+ HOM Saczyglowsid ot 2, "686; Pary et
Szczyglowski et al., 1998; Stracke
symrk-7 EMS61 Gagr2to A Gaos to stop - - etal. 2002: Kistner et al., 2005
$L0160-2,3,4,5,6; ST -nd.,--nd.; NODPOP; . e
symrk-8 SL0180-1 Gustoto A Grsoto R - . GENPOP all HOM; HET Perry et al., 2003; this work
N both in
symrk-9 5L0605¢-2,3 Gasto A GeottoR ()4 (=),nd. NODPOP both HOM Perry etal., 2003
SL1951- e n.d,nd.,-, allin Perry et al., 2003; Markmann et al.,
symrk-10 1234567 Gaaar to A Drssto N nd.,=*,=,=* - - NODPOP all HOM 2008
symrk-11 SL3472-2 Gaszzto A Grato D - nd. NODPOP HOM Perry etal., 2003
symrk-12 8-4H insertion in 5 nd. - - Sandal et al., 2006
UTR
symrk-13 850-1¢ Garrrto A Asoto T ) ) Murray et al., 2006
symrk-14 B13-B¢ Cioesto T Pagsto T (+) ) Murray et al., 2006
N both in .
symrk-15 SL0288-3,4 Gaoto A Res to K ++ nd.,+ NODPOP HET, HOM this work
symrk-16 SL1288-1 Gss1to A VistoM +* nd. GENPOP HET this work
symrk-17 SL2677-1 Grz2to A DisotoN + + GENPOP HOM this work
symrk-18 SL1990-1 Crnto T Daogto D +* nd. GENPOP HET this work
symrk-19 SL3461-1 Giraor to A W212 to stop +* nd. GENPOP HET this work
symrk-20 SL1559-2 Cruasato T PaotoL + nd. NODPOP HET this work
symk-21  282-370MIM1 Assoto C YatoS - nd. NODPOP+ HOM N. Sandal and J. Stougaard, pers.
communication; this work
symrk-22 SL0478-1 Gieso to A V3s1to M + + GENPOP HOM this work
symrk-23 SL1023-1 Giot1to A Esssto K +* nd. GENPOP HET this work
symrk-24 SL3006-1 Axsato T lso to L +* nd. GENPOP HET this work
symrk-25 SL5686-2 Axg1to C SastoR +/- + NODPOP HET this work
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Allelic series of symbiosis genes in Lotus japonicus: SYMRK

symrk-26 SL0306-1 Casto T Lssgto F +* nd. GENPOP HOM this work
symrk-27 SL3001-1 Garesto T Qs17 to stop - - GENPOP HET this work
symrk-28 §24-1B Garrrto A Asoto T nd. (+) NODPOP+ HOM Murray et al., 2006; this work
symrk-29 SL5510-2 Gagroto A Gest toR +/- nd. NODPOP HOM this work
symrk-30 SL0391-2 Garssto T splice site - nd. NODPOP HOM Perry etal., 2003
symrk-31 SL3489-1 Cargato T Pe2to L +* nd. GENPOP HOM this work
symrk-32 SL1225-1 Cugto T Teea to | +* nd. GENPOP HET this work
symrk-33 SL1060-1 Cueoto T Hugto Y + +/- GENPOP HET this work
symrk-34 SL0140-2 Gaar to A Vs to | +/- nd. NODPOP HET Perry et al., 2003
symrk-35 Sléi%?z;zz? Gasas to A D7es to N :”;'. n.d-j,_rid. ,\lflOODDFF,’OOF};’ :%“lcl this work
symrk-36 SL3269-1 Gargo to A EmstoK +* nd. GENPOP HOM this work
symrk-37 SL1538-1 Gargrto A SmstoN +* nd. GENPOP HET this work
symrk-38 SL1849-1 Gagas to A Vrgito M +* nd. GENPOP HET this work
symrk-39 SL1959-1 Coossto T Pgsito L +* nd. GENPOP HET this work
symrk-40 SL0265-3.4 Gsmoto A Rass to K -nd. N%"[t)hpigp both HOM this work
symrk-41 SL0783-1 Grooto A Ew2to E +* n.d. GENPOP HET this work
symik-42 P Cramsto T LastoL e nd.nd. o HET HET this work
symrk-43 SL1401-1 Guarto A Exto E +* nd. GENPOP HET this work
symrk-44 SL0798-1 Gagrr to A Lsss to L +* nd. GENPOP HOM this work
symrk-45 SL0275-3 Gagog to A Qe to Q +* nd. NODPOP HOM this work
symrk-46 SL6805-3 Cagooto T Sre2t0 S - nd. NODPOP HET this work
symrk-47 SL1813-1 Cso2to T Yeszto Y +* nd. GENPOP HET this work
symrk-48 SL1824-1 Casoto T intron 1 +* nd. GENPOP HET this work
symrk-49 SL0978-1 Citrto T intron 3 +* nd. GENPOP HET this work
symrk-50 SL1153-3 Crassto T intron 3 +* nd. NODPOP HET this work
symrk-51 SL0710-1 Crerato T intron 3 +* nd. GENPOP HET this work
symrk-52 SL1084-1 Casato T intron 4 +* n.d. GENPOP HET this work
symrk-53 SL2023-1 Gossato A intron 5 +* nd. GENPOP HOM this work
symrk-54 oot Carato T intron 9 e nd.nd. ooy HET: HET this work
symrk-55 SL0759-2 Cuato T intron 11 - + NODPOP HET this work
symrk-56 et Carosto T intron 11 ot nd.+ oy HET HET this work
symrk-57 SL1532-1 Gazos to A intron 12 +* nd. GENPOP HET this work
symrk-58 SL1749-1 Gaaos to A intron 12 +* nd. GENPOP HET this work
symrk-59 SL1913-79 Gagsz to A intron 14 (+/-) (+) NODPOP HET this work
symrk-60 P Camnto T intron 14 e nd.nd. ooy HET: HET this work

? The SYMRK genomic sequence is deposited to GenBank under accession number AP004579 and is used as Lotus japonicus MG20 reference. Adenine of the ATG initiator codon is
designated as position 1.
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Allelic series of symbiosis genes in Lotus japonicus: SYMRK

° Phenotypes that are scored only in the initial M2 generation are denoted by *; no star denotes additional screening in the M3 generation. In the AM phenotype [ designates the
appearance of balloon-like structures. Annotations in brackets indicate lines harbouring more than one mutation in nodulation genes.

¢ Genotype of progenitor or mutant plant in the M generation is given as HOM = homozygous or HET = heterozygous with respect to the mutant allele.
9 Lines SL0605-2,3 carry the mutant alleles nin-11 and symrk-9.

¢ Lines contain in addition a har1-1 mutation.

" Line $24-1B carries the mutant alleles pollux-15 and symrk-28.

9 Line SL1913-7 carries the mutant alleles pollux-24 and symrk-59.
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Supplemental Fig. S4. BLOSUM®62 table with amino acid changes.

A | C| D  E|F|G|H | K/IL M N P Q R|S| T V| W|Y]|*
Al 4 0| 2|1]2]0 21|14 ]1]=2]4]1]1/10l0]|3|-2|-4
c o|9|3|4|2|3|3 4|3|1|13[3 3/3[14/1|1]|-=2]2 4
D|2 3|6|2|3|41|1|3|1|4|3/14]1/ 0|2|0|-1|-3|-4|-3|4
E| 1|4 2|5 3|2/0|3[1|3|2|0|1|2|0/0|1|2|3|=2|=4
F|2|2|3/ 3|6  3|1/0/3 0|0|3|4|3|3|=2|2|1|1]|3]-4
G|lo | 3|41 2|3/ 6|2|4 2|4|3|0|2|2/2/0|=2|3|=2|3|-4
H|2 3|1/ /0|1|2|8|3|1]3|2|1|2/0/|0|1|2|3|=2/2 4
Il 1|1, 3| 3|0|4|3|4|3|2|1|3|3 3|3|2|1|3]3|-1]|-4
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The original amino acids are given in rows, the substituted amino acids in columns. The star
symbol (*) designates stop codons. Changes that can be caused by EMS are indicated in
colour: orange, non-synonymous exchange; red, nonsense mutation. Light green shading
denotes synonymous exchanges, grey shading all additional non-synonymous changes or
nonsense mutations that could be achieved by a single nucleotide exchange. Note that only

a small fraction of the possible mutational spectrum is explored by EMS mutagenesis.



Supplemental Table S1. Mutation types by nucleotide change detected in GENPOP
and NODPOP populations.

GENPOP NODPOP' Total

Change Absolute Relative Absolute Relative Absolute Relative

number number number number number  number

GtoA 298 51.8% 34 72.9% 332 53.3%
CtoT 264 45.8% 10 20.8% 274 44.0%
Ato G 1 0.17% 1 0.16%
AtoT 3 0.52% 3 0.48%
Cto G 1 0.17% 1 0.16%
GtoC 1 0,17% 1 0.16%
GtoT 3 0.52% 1 21% 4 0.64%
TtoC 4 0,69% 4 0.64%
TtoG 1 0.17% 1 0.16%
G del. 1 21% 1 0.16%
C del. 1 21% 1 0.16%
Sum 576 100% 47 100% 623 100%

' Numbers for the NODPOP population are for nodulation genes only, include
only potentially causative mutations in families with clear nodulation
phenotype (see Supplementary Table 3 and Supplementary Figure 2), and
exclude siblings.



Supplemental Table S2. Distribution of mutation types detected in nodulation genes in
the complete NODPOP by TILLING.

TILLed (in bp) Mutations detected in NODPOP by TILLING
Gene Non Homo- Homo- Homo- ot
Total  Coding on- Total ZYQoUs — Jvgous  2Y9OUS eero-
coding non- . non- zygous
; silent .
silent coding
CASTOR 5575 2474 3101 13 9 1 3
CCaMK 3973 1641 2332 5 1 1 3
CYCLOPS 4214 1557 2657 3 2 1
NFR1 5557 1866 3691 8 4 1 3
NFR5 1795 1788 7 5 4 1
NIN 3047 2587 460 5 3 2
NSP1 1444 1444 0 3 1 1 1
NSP2 1440 1440 0 4 2 2
NUP85 8391 2136 6255 3 1 1 1
NUP133 6353 3842 2511 8 2 1 5
POLLUX 6535 2754 3781 22 12 1 1 8
SYMRK 5365 3282 2083 18 10 1 7

Sum 53,689 26,811 26,878 97 51 4 5 37




Supplemental Table S3. Alleles in nodulation genes with potentially causative

mutations in the nodulation-deficient NODPOP, ordered by mutation type.

Allele NODPOP Mutation Nucleotide
family change
nfr1-10 SL1174 Aszsoto T G2941 to A
castor-14 SL1715 Azgto T G9871 to A
castor-13 SL0820 Dyss to N G2672 to A
Symrk—10 SL1951 D7ssto N G4447 to A
Symrk-35 SL5073 Dsgs to N G4528 to A
Symrk-35 SL5627 Dsgs to N G4528 to A
nin-11 SL0605 Esq to K G1848 to A
pOI/UX-Q SL0405 E830 to K G5634 to A
castor-26 SL6908 G274 toD G1038 to A
Symrk—11 SL3472 Grezto D Gugzo t0 A
castor-16 SL3160 G333 to E G1655 to A
nfr1-6 SL5426 G435 to E G4377 to A
pOI/UX-7 SL1899 Gszo to E Go33to A
pOI/UX-17 SL1657 Gspq to E Giuur to A
nfr5-8 SL1719 G264 toR G790 to A
Symrk—9 SL0605 Geo4 toR G3729 to A
symrk—29 SL5510 G631 toR G3810 to A
Symrk—8 SL0160 G759 toR G4510 to A
pOI/UX-10 SL1070 Gggo t0 S Ggoo1 t0 A
nfr1-11 SL1977 Q346 tO stop Cospto T
nfr5-3 SL3257 Q55 to StOp C163 toT
nsp2—3 SL0781 Q244 to StOp C730 toT
nup133-11 SL5179 Q271 to StOp C1097 toT
nup133-12 SL0443 Q114o to StOp C5874 toT
castor-17 SL6812 Rsgo to H G3738 to A
Symrk—40 SL0265 Rgse to K G5270 to A
cyclops-6 SL0488 R74 to stop Cioto T
nup85—6 SL0948 8235 toF C2701 toT
pOI/UX-6 SL5691 S322 toF C1210 toT
castor-15 SL1966 T249 to | C1013 toT
pOI/UX-23 SL4162 T116 to | C347 toT
nin-9 SL5369 Vosg to M Gigo2 to A
nin-9 SL5426 Vosg to M G1002 to A
castor-5 SL1937 W,s3 to stop G353 t0 A
castor-12 SL3251 W3 to stop Gy to A
ccamk-8 SL0820 W36 to stop Gagx to A
pOI/UX-5 SL3130 W3y to StOp G1204 to A
pOI/UX-8 SL0159 Wgo to StOp G5436 to A
pollux-20 SL0729 W51 to stop Gasgg to A
castor-27 SL5136 Splice site Gisosto A
nfr1-7 SL0355 Splice site Gsaz1 tO A
pollux-16 SL5998 Splice site Guoe 0 A
pOI/UX-19 SL5821 Spllce site Gigas tO A
pollux-21 SL1075 Splice site Gag16 tO A
symrk-30 SL0391 Splice site Gyis5t0 T
nfr5-6 SL5426 Frame shift Cos7 del.

cyclops-5 SL1347 Frame shift G3s0s del.




Supplemental Table S4. Expected and observed occurrence of non-synonymous and

nonsense amino acid exchanges in EMS alleles in different populations.

GENPOP' NODPOP? RPM1°
Amino acid
Expected Observed Expected Observed Expected Observed
A 15.4 11 5.6 2 6.3 4
C 1.6 0 0.8 0 0.9 0
D 6.5 12 23 4 3.0 0
E 7.5 10 29 2 4.6 4
G 16.0 20 5.3 11 6.5 13
H 2.7 2 0.9 0 1.7 0
L 4.6 6 1.7 0 3.3 7
M 25 0 0.9 0 22 0
P 10.5 12 3.7 0 4.2 8
Q 3.6 2 1.6 5 2.1 3
R 8.4 5 3.0 3 5.7 2
S 6.5 5 43 2 5.1 5
T 5.6 2 2.1 1 2.9 2
\% 7.7 9 2.7 2 4.1 2
W 3.1 4 1.2 6 24 5
Total 102 102 39 39 55 55

' Numbers for the GENPOP population are from a total of 11,718 bp from 14 genes with a
variety of functions that were screened on GENPOP for mutations.

> Numbers for the NODPOP population are for potentially causative non-synonymous and
nonsense mutations in nodulation genes only (see Supplementary Table 3).

® Numbers for RPM1 are from Tornero et al. (2002).



