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Supplemental Figure 1: Phylogeny of B
sister

 genes of seed plants as reconstructed by Bayesian inference based on protein sequences. The 
duplication event of the B

sister
 genes resulting in ABS- and GOA-like genes is indicated by a star. The clades of ABS- and GOA-like genes are 

marked on the right. The ABS- and GOA-like genes of Brassicaceae are indicated by shading. APETALA3 (AP3) was used as representative of the 
outgroup. Posterior probabilities of the MrBayes phylogeny are shown at the corresponding nodes. The branch lengths are drawn proportionally 
to the number of substitutions. Upper left corner: simplified phylogeny of seed plants with a color code for the large phylogeny; purple: 
gymnosperm genes, green: genes from monocots, red: genes from Asterids, blue: genes from rosids.
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-Supplemental Figure 2: Maximum Likelihood phylogeny of B
sister

 genes in seed plants reconstructed based on protein 

sequences. The duplication event of the B
sister

 genes resulting in ABS- and GOA-like genes is indicated by a star. The clades 

of ABS- and GOA-like genes are marked on the right. The ABS- and GOA-like genes of Brassicaceae are indicated by shading. 

APETALA3 (AP3) was used as representative of the outgroup. Bootstrap values are shown at the corresponding nodes. The 

branch lengths are drawn proportionally to the number of substitutions. 
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B. oleracea*

B. rapa chiffu*

B. rapa esculenta

B. rapa atlantic

B. rapa chinensis

B. rapa pekinensis

B. rapa rapa majalis

Supplemental Figure 4: Alignment of the 5’ part of the MADS-box sequences of the GOA orthologs of Brassica 

oleracea and of different Brassica rapa subspecies. All analyzed Brassica rapa subspecies have a nonfunctional GOA 

ortholog due to a deletion at position 21 leading to a translational frameshift and a premature stop codon (indicated by a red 

rectangle). A star indicates the sequences identified in the published genomes.
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Supplemental Figure 7. Analysis of DNA binding of SEP3 (A, B), ABS (C, D) and GOA 

(D, E) by electrophoretic mobility shift assays (EMSA). Increasing concentrations of a 

DNA probe containing a single CArG-box were incubated with a constant amount of 

protein. The protein studied is indicated on top of each gel. Ø represents a negative control 

where the in vitro translation assay was performed using an empty pTNT vector. M 

indicates the DNA marker lane. The concentrations of DNA used were: 1.31, 2.62, 5.23, 

10.47, 20.94, 41.87, 52.34, and 62.81 nM from lane 1 to 8. The numbers 0 and 2 adjacent to 

the bands represent the respective number of protein molecules bound. Next to each gel the 

concentration of the protein-DNA complex is shown as a function of the concentration of 

free DNA and the inferred dissociation constants (K
d
) are given. Graphs were calculated as 

described in materials and methods. The chosen gels are only an example from several 

independently performed experiments, for which dissociation constants are shown in (G).
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Supplemental Figure 8: Protein dimerization analysis by bimolecular fluorescence 

complementation (BiFC). bZIP63 (positive control), GOA and AGL16 were fused to the N- and 
C-terminal parts of YFP (YFP

N 
and YFP

C
) as indicated above each subfigure. Fluorescence of 

nuclearly localized YFP visible as bright green dots is considered as indication for the interaction of 
the fusion proteins. Dimerization of bZIP63 (A) but no interaction between GOA and AGL16 (B, C) 
was observed. Chloroplast and cell wall auto-fluorescence are visible in several subfigures. Bars in 
(A) and (C) (B)
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Prasad et al., 2010

Supplemental Figure 9: Location of the T-DNA insertion of the goa-1 mutant line (A. thaliana). Using 

PCR and sequencing the position of the T-DNA of the goa-1 mutant was found to be within intron 4, but not 

as described by Prasad et al. (2010) in exon 3.



Supplemental Tables 13 

 14 

Supplemental Table 1: Phylogenetic Analysis by Maximum Likelihood (PAML) results 15 

and results of the Likelihood Ratio Test for selection analysis. lnL, Likelihood; np, number 16 

of parameters; ω0 and ω1, ω ratios, 2ΔlnL, twice the difference in the Likelihood values for 17 

the two models tested; Δnp, difference in the number of parameters; p, p value 18 

 19 

PAML results for different models tested on ABS- and GOA-like genes 

 lnL np ω0 ω1 ω2 ω3 ω3 

one ratio -11546.39 55 0.2833     

three ratio  -11513.43 57 0.1961 0.2159 0.4411   

five ratio -11509.16 59 0.1983 0.2306 0.1293 0.4586 0.2202 

free-ratio -11445.00 107      

Results of the Likelihood Ratio Test for different models tested on ABS- and GOA-like genes. 

 2ΔlnL Δnp p   

one vs. three 65.9266 2 4.83E-15 
 

one vs. five 74.4595 4 2.59E-15 

one vs. free 202.7796 52 1.11E-19  

 20 



Supplemental Table 2: Pairwise amino acid identities in percent of Bsister proteins of basal eudicots and of ABS- and GOA-like proteins. Values 21 

were calculated using the SIAS (Sequences Identities and Similarities) server. Pairwise identities of ABS- and GOA-like proteins of Brassicaceae to each 22 

other are shaded in blue and red, respectively. 23 

AtABS 100                                                                     

CsaAGL32.3 84 100                                                                   

CrTT16 84 86 100                                                                 

NpAGL32 83 90 86 100                                                               

BsAGL32 89 89 90 91 100                                                             

LaAGL32.2 81 80 82 80 84 100                                                           

LcAGL32 84 85 85 84 89 86 100                                                         

BoTT16.1 81 82 82 81 84 83 83 100                                                       

SiAGL32 83 82 84 84 87 86 86 90 100                                                     

SpAGL32 83 82 84 83 87 86 86 88 94 100                                                   

AalAGL32 79 77 79 78 81 81 81 82 84 84 100                                                 

TaAGL32 82 79 81 82 86 84 85 85 90 90 82 100                                               

AeaAGL32 75 73 75 74 78 75 79 75 80 80 75 79 100                                             

CcAGL32 59 58 59 60 60 60 61 62 62 62 60 62 61 100                                           

PtMADS30 58 57 59 58 59 60 61 61 61 62 58 62 62 81 100                                         

VvBS1 54 53 56 55 55 55 57 57 57 56 53 56 57 76 74 100                                       

NnBS1 49 47 50 49 49 49 50 52 49 49 48 50 49 58 54 61 100                                     

AqucBS 46 46 48 48 47 46 47 45 46 46 45 47 46 53 50 56 63 100                                   

VvBS2 49 47 49 48 48 49 49 52 51 50 48 49 51 55 54 60 53 49 100                                 

PtMADS38 50 49 51 51 51 49 52 51 51 51 49 51 48 56 53 57 53 52 54 100                               

CcAGL63 48 47 48 48 49 48 50 49 48 47 48 48 48 55 52 56 50 49 56 59 100                             

CpAGL63 43 43 43 43 44 44 46 46 45 44 42 46 45 53 51 55 49 48 55 55 57 100                           

AeaAGL63 34 33 33 33 33 34 33 35 35 33 35 35 32 37 33 32 30 32 32 35 36 33 100                         

TaAGL63 33 32 33 32 33 34 33 33 33 32 34 33 32 35 35 35 35 33 34 32 36 35 44 100                       

AalAGL63 33 33 33 32 32 32 33 32 32 31 33 32 32 31 31 32 32 31 33 30 33 32 43 62 100                     

SpAGL63 32 31 33 32 31 32 32 31 32 31 33 32 30 33 32 34 32 33 32 32 35 35 49 73 64 100                   

SiAGL63 31 30 32 30 30 31 31 30 30 30 33 30 30 33 32 33 31 33 32 31 35 35 46 72 65 79 100                 

BoAGL63 33 33 33 32 32 32 33 32 32 32 34 32 31 32 31 33 32 33 33 32 33 35 45 69 61 77 77 100               

LcAGL63 35 34 35 34 35 34 35 34 35 33 35 34 33 34 33 35 35 33 33 35 35 34 42 64 62 67 64 63 100             

LaAGL63 32 32 32 31 32 31 32 30 32 31 33 32 30 33 32 33 32 32 33 32 34 35 46 63 60 68 63 63 64 100           

BsAGL63 34 33 33 33 32 33 33 33 34 33 33 33 33 32 31 32 32 33 32 32 33 33 44 66 64 67 66 65 65 66 100         

NpAGL63 33 32 32 32 32 32 33 32 32 32 33 33 32 33 32 33 32 30 31 32 33 32 42 59 58 62 59 60 64 61 68 100       

CrAGL63 32 31 32 31 32 32 32 33 32 31 33 32 32 32 31 32 34 32 34 33 33 33 42 62 60 62 62 61 67 64 71 75 100     

CsaAGL63 33 32 32 32 32 32 32 34 33 32 32 33 33 34 33 33 34 32 34 34 36 33 43 62 60 65 62 62 67 64 69 81 78 100   

AtGOA 31 31 31 31 30 31 31 31 31 31 32 31 31 29 30 29 32 31 29 28 30 29 40 58 61 61 61 62 67 62 71 65 66 67 100 
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Supplemental Table 3: Summary of the protein interaction analysis of ABS-like proteins 25 

from Brassicales as revealed by Yeast Two-Hybrid analysis. Growth at 30°C on selective 26 

SD –LWH medium is symbolized by +, no growth by -, weak growth by +/-. * indicates 27 

protein interaction at 22°C, # indicates interaction at 30°C, n.d., not determined. 28 

pGBKT7 
 

pGADT7 

ABS 

A. thaliana 

AalAGL32 

A. alpina 

BhAGL32 

B. holboellii 

CrTT16 

C. rubella 

LcAGL32 

L. campestre 

ThAGL32 

T. hassleriana 

Homodimer 

formation 
+/- + + - + n.d. 

SEP1 

A. thaliana 
+ + + + + + 

SEP2 

A. thaliana 
- +* -# + +* -# - - 

SEP3 

A. thaliana 
+ + + + + + 

SEP4 

A. thaliana 
+ + + + + + 

AP1 

A. thaliana 
+ + + - + + 

 29 

Supplemental Table 4: Summary of the protein interaction analysis of GOA-like proteins 30 

as revealed by Yeast Two-Hybrid analyses. Growth on selective SD –LWH medium is 31 

symbolized by +, no growth by -. 32 

pGBKT7 

pGADT7 

GOA 

A. thaliana 

CrAGL63 

C. rubella 

LcAGL63 

L. campestre 

Homodimer formation - - - 

Corresponding ABS-like 

protein 
- - - 

AGL16 

A. thaliana 
+ - - 

 33 

Supplemental Table 5: Silique measurements of goa-1 and wildtype plants of stage-17b 34 

fruits. The silique length, width and seed number per silique are given as means ± SDs. n is the 35 

number of measured fruits. Plants were grown under standard long-day conditions. n.d., not 36 

determined. 37 

  Experiment 1 (Jena) Experiment 2 (Jena) Experiment 3 (Gießen) 

Genotype 
Wildtype 

(n=54) 
goa-1 (n=52) 

Wildtype 

(n=50) 
goa-1 (n=60) 

Wildtype 

(n=66) 
goa-1 (n=70) 

Silique 

width in 

mm 

0.83 ± 0.11 0.82 ± 0.16 0.95 ± 0.12 0.96 ± 0.13 0.82 ± 0.09 0.82 ± 0.08 

Silique 

length in 

mm 

12.65 ± 1.47 13.01 ± 1.88 13.83 ± 2.11 13.82 ± 1.86 13.13 ± 2.65 14.13 ± 232 

Seed 

number/fruit 
41.02 ± 11.60 44.71 ± 12.71 48.86 ± 15.05 52.75 ± 11.76 n.d n.d 

 38 

  39 



Supplemental Methods 40 

Plant growth 41 

Seeds were obtained from the following people: Boechera holboellii seeds from Jochen 42 

Kumlehn, (Gatersleben, Germany), Tarenaya hassleriana seeds from Eric Schranz 43 

(Wageningen, Netherlands), Arabis alpina seeds from Maria Albani and George Coupland 44 

(Cologne, Germany), Eutrema salsugineum seeds from Arnould Savoure (Paris, France), 45 

Lepidium campestre and Brassica napus L. var biennis seeds from Klaus Mummenhoff 46 

(Osnabrück, Germany). 47 

Arabidopsis thaliana Col-0 (NASC ID: N1092), Capsella rubella Monte Gargano (MTE, 48 

NASC: N9609), Eutrema salsugineum (accession Shandong), Arabis alpina (Dorfertal) and 49 

Tarenaya hassleriana (Purple Queen, ES1100) plants were grown in a peat based potting soil 50 

(ED73) with perlite (H. Nitsch & Sohn GmbH & Co.KG). Brassica rapa subspecies (seeds 51 

ordered from www.samenhaus.de), Brassica napus L. var biennis and Arabidopsis lyrata ssp. 52 

lyrata (NASC ID: N22696) plants were grown on a mixture of seedling substrate (Kammlott 53 

GmbH), sand and vermiculite (1–3 mm) (8:1:1). All plants were grown in a greenhouse under 54 

long day conditions (16 hours light and 8 hours dark). The temperature in the greenhouse was 55 

between 21 and 25°C at daytime and between 16 to 18°C at night with a relative humidity of 56 

60%. Seeds of C. rubella and E. salsugineum were sown and stratified in moist soil at 4°C in 57 

the dark for 3 days (C. rubella) and 14 days (E. salsugineum), respectively, then allowed to 58 

germinate and grown in the greenhouse until the rosette was about 2.5 cm in diameter. 59 

Subsequently, the plants were vernalized at 4°C under short day conditions (8 hours light, 16 60 

hours dark) for 6-8 weeks (C. rubella) or 4-5 weeks (E. salsugineum), respectively, and then 61 

returned to the greenhouse with long day conditions for further development. 62 

Aethionema arabicum (KM 2416), Sisymbrium irio, and Lepidium campestre plants were 63 

grown in a mixture of loam, sand, pumice, and compost (1:2:2:5). Ae. arabicum seeds were 64 

sown and stratified in moist soil at 4°C in the dark for 4 days, then germinated in a climate 65 

chamber (14 hours light, 10 hours dark) at 15°C with a relative humidity of 50%. After 3 weeks 66 

the conditions were changed to 22°C (day) and 15°C (night). Sisymbrium irio plants were grown 67 

with 12 hours light and 12 hours dark at 22°C throughout and L. campestre plants were grown 68 

at with 16 hours light at 20°C and 8 hours dark at 15°C, respectively in the greenhouse. 69 

Flowering was induced by keeping the plants at 4°C for six weeks with 8 h of light per day. 70 

 71 

  72 



In silico identification of Bsister genes  73 

The sequence data of previously identified Bsister genes were taken from Phytozome (Goodstein 74 

et al., 2012) or NCBI (Sayers et al., 2011)(Supplemental Table 1). The genome of Boechera 75 

stricta (Lee et al., 2017) and the genome of Eutrema salsugineum (Yang et al., 2013) were 76 

downloaded from Phytozome. The genomes of Arabidopsis lyrata (Hu et al., 2011), 77 

Schrenkiella parvula (Dassanayake et al., 2011), Aethionema arabicum, Leavenworthia 78 

alabamica, Sisymbrium irio, a second genome of Eutrema salsugineum (Haudry et al., 2013), 79 

Capsella grandiflora and Capsella orientalis (Williamson et al., 2014) were downloaded from 80 

the UCSC Genome Browser (http://grandiflora.eeb.utoronto.ca:8086/downloads.html). The 81 

genomes of Actinidia chinensis (Huang et al., 2013), Arabidopsis halleri (DOE-JGI, 82 

http://phytozome.jgi.doe.gov/), Betula nana (Wang et al., 2013), Camelina sativa (Kagale et 83 

al., 2014), Cicer arietum (Varshney et al., 2013), Cajanus cajan (Varshney et al., 2012), 84 

Eucalyptus camaldulensis, Lactuca sativa (Reyes-Chin-Wo et al., 2017), Morus notabilis (He 85 

et al., 2013), Nelumbo nucifera (Ming et al., 2013), Nicotiana sylvestris, Nicotiana 86 

tomentosiformis (Sierro et al., 2013), Phoenix dactylifera (Al-Dous et al., 2011), Prunus mume 87 

(Zhang et al., 2012), Raphanus sativus (Kitashiba et al., 2014) and Thlaspi arvense (Dorn et al., 88 

2015) were downloaded from the NCBI genomes database (Sayers et al., 2011). The genome 89 

of Amborella trichopoda (Albert et al., 2013) was downloaded from the Amborella genome 90 

database (http://www.amborella.org/). The genome of Raphanus raphanistrum (Moghe et al., 91 

2014) was downloaded from RadishDB. The genome from Lepidium meyenii (Zhang et al., 92 

2016) was downloaded from (http://www.herbal-genome.cn/html/Genomes/).  93 

BLAST (Altschul et al., 1990) was used to search these genomes with the CDS of known ABS- 94 

and GOA-like genes from the most closely related species to the one studied as query sequences. 95 

The BLAST search for Neslia paniculata (Ågren et al., 2014) was conducted on 96 

https://genomevolution.org/coge/CoGeBlast.pl. The scaffolds on which the highest scoring 97 

results were found were saved and shortened such that the remaining part contained 10 kb up- 98 

and downstream of the BLAST result. FGENESH (Salamov and Solovyev, 2000) (default 99 

settings, "Dicot plants (A. thaliana)") was used to predict coding sequences (CDS). The 100 

genomes of Aquilegia coerulea (Aquilegia coerulea Genome Sequencing Project, 101 

http://phytozome.jgi.doe.gov/), Citrus sinensis, Citrus clementina (Wu et al., 2014), Eucalyptus 102 

grandis (Myburg et al., 2014), Fragaria vesca (Shulaev et al., 2011), Malus domestica (Velasco 103 

et al., 2010) and Prunus persica (Verde et al., 2013) were searched using BLAST as described 104 

above at Phytozome. If a CDS was provided in the genomic region where the highest scoring 105 

results were found by Phytozome, this CDS was used for further analysis, otherwise a CDS 106 

http://grandiflora.eeb.utoronto.ca:8086/downloads.html
http://www.herbal-genome.cn/html/Genomes/


prediction was done as described above using FGENESH. The gene identified by us as 107 

CcAGL63 in Citrus clementina is likely the same gene described as CcTT16 by Garcia-Lor et 108 

al. (2012), however since it is a GOA-like gene, we renamed it for better understanding.  109 

For the GOA ortholog from A. lyrata (AlAGL63), a BLAST search in the trace archives at NCBI 110 

(Sayers et al., 2011) was performed; the identified fragments were assembled using Sequencher 111 

version 5.2 sequence analysis software (Gene Codes Corporation) into two non-overlapping 112 

contigs separated by a fragment of unknown length. The two identified contigs and the fragment 113 

in between were verified by PCR and sequencing. 114 

The genomic sequences of the Bsister genes from A. alpina (Willing et al., 2015) had been kindly 115 

provided before publication by George Coupland. Based on these sequences we predicted the 116 

CDS as described above and verified it subsequently by PCR and sequencing.  117 

The CDS of the ABS-like gene from Tarenaya hassleriana was taken from (Bhide et al., 2014). 118 

Using this information, primers were designed for the amplification of cDNA and genomic 119 

DNA of the Bsister gene. The raw reads of the genome sequence of Cleome violaceae were 120 

downloaded from the Joint Genome Institute (Grigoriev et al., 2011). BLAST searches were 121 

conducted using first the CDS of the ABS-like gene from T. hassleriana as query and 122 

subsequently sequences of the assembled parts of the genomic locus of the ABS-like gene of C. 123 

violaceae. All resulting sequences were assembled after each BLAST search until the genomic 124 

locus was complete.  125 

  126 



Perl Script for visualization of the alignment of exon-intron structures 127 

#! /usr/bin/perl 128 

 129 

use strict; 130 

use warnings; 131 

 132 

# call main 133 

main(); 134 

 135 

# main 136 

sub main { 137 

 138 

 # define variables 139 

 140 

 my %exons; 141 

 my %length; 142 

 my %seq; 143 

 my @genes; 144 

 my $name; 145 

 my $count; 146 

 my $start; 147 

 my $end; 148 

 my $max = 0; 149 

 my $num = 0; 150 

 my $alignmentfile; 151 

 my $exons; 152 

 my $output; 153 

 154 

 # read command line parameters 155 

  156 

 my $length = @ARGV; 157 

 158 

 if ($length < 5){ 159 



  print "Call program like this: perl exon_intron_structure_align.pl -a 160 

<alignment-file> -e <exonpositions-file> -o <output-file>\n"; 161 

  die(); 162 

 } 163 

 else { 164 

  foreach (my $i=0; $i<$length; $i++){ 165 

   if ($ARGV[$i] eq "-a"){ 166 

    $alignmentfile = $ARGV[$i+1]; 167 

   } 168 

   if ($ARGV[$i] eq "-e"){ 169 

    $exons = $ARGV[$i+1]; 170 

   } 171 

   if ($ARGV[$i] eq "-o"){ 172 

    $output = $ARGV[$i+1]; 173 

   } 174 

  } 175 

 } 176 

 177 

 # read positions of exons 178 

 open(EXONS, $exons); 179 

 180 

 while (<EXONS>){ 181 

  if ($_ =~ /^(\w+)\s+(\d+)\s/){ 182 

   $name = $1; 183 

   $length{$name} = $2; 184 

   push(@genes, $name); 185 

   if ($length{$name} > $max){ 186 

    $max = $length{$name}; 187 

   } 188 

   $count = 0; 189 

   while ($_ =~ /(\d+)-(\d+)/g){ 190 

    $exons{$name}{$count}{start} = $1; 191 

    $exons{$name}{$count}{end} = $2; 192 

    $count++; 193 



   } 194 

   $num++; 195 

  } 196 

 } 197 

 198 

 close(EXONS); 199 

 200 

 # read alignment 201 

 202 

 $name = ""; 203 

 my $sequence = ""; 204 

 my $prevpos; 205 

 my $currpos; 206 

 207 

 open(ALN, $alignmentfile); 208 

 209 

 while (<ALN>){ 210 

  chomp($_); 211 

  if ($_ =~ />(\w+)/){ 212 

   if ($name ne ""){ 213 

    $seq{$name} = $sequence; 214 

   } 215 

   $name = $1; 216 

   $sequence = "";  217 

  } 218 

  else { 219 

   $sequence .= $_; 220 

  } 221 

 } 222 

 223 

 if ($name ne ""){ 224 

  $seq{$name} = $sequence; 225 

 } 226 

 my $alnlength = length($sequence); 227 



 228 

 close(ALN); 229 

 230 

 # draw exon-intron-structure and alignment 231 

   232 

 my $xsize = $max + 200; 233 

 my $ysize = 200*$num + 150; 234 

 my $yposition; 235 

 my $len; 236 

 $num = 0; 237 

 my $previous = ""; 238 

 my $prevypos; 239 

 my $currypos; 240 

 241 

 open(PS, ">$output"); 242 

 243 

 print PS "%!PS-Adobe EPSF-3.0\n"; 244 

 print PS "%%BoundingBox: 0 0 $xsize $ysize\n"; 245 

 246 

 foreach my $gene (@genes){ 247 

  $yposition = $ysize - 100 - 200*$num; 248 

  $len = $length{$gene}; 249 

  # print gene structure 250 

  print PS "newpath\n100 $yposition moveto\n$len 0 rlineto\nclosepath\n0 0 0 251 

setrgbcolor\n2 setlinewidth\nstroke\n"; 252 

  print PS "/Times-Roman findfont\n20 scalefont\nsetfont\nnewpath\n0 253 

$yposition moveto\n($gene) show\n"; 254 

  foreach my $key (sort keys %{$exons{$gene}}){ 255 

   $start = $exons{$gene}{$key}Re{start}; 256 

   $end = $exons{$gene}{$key}{end}; 257 

   $len = $end - $start; 258 

   $start += 100; 259 



   print PS "newpath\n$start $yposition moveto\n0 25 rlineto\n$len 0 260 

rlineto\n0 -50 rlineto\n-$len 0 rlineto\nclosepath\ngsave\n0 0 0 setrgbcolor\nfill\ngrestore\n0 261 

0 0 setrgbcolor\n1 setlinewidth\nstroke\n"; 262 

  } 263 

  # print conservation 264 

  if ($previous ne ""){ 265 

   $prevpos = 100 + 0; 266 

   $currpos = 100 + 0; 267 

   $prevypos = $yposition + 200 - 30; 268 

   $currypos = $yposition + 30; 269 

   for (my $pos = 0; $pos < $alnlength; $pos++){ 270 

    if ((substr($seq{$previous}, $pos, 1) eq substr($seq{$gene}, 271 

$pos, 1)) && (substr($seq{$previous}, $pos, 1) ne "-")){ 272 

     print PS "newpath\n$prevpos $prevypos 273 

moveto\n$currpos $currypos lineto\nclosepath\n0.7 0.7 0.7 setrgbcolor\n0.8 274 

setlinewidth\nstroke\n"; 275 

    } 276 

    if (substr($seq{$previous}, $pos, 1) ne "-"){ 277 

     $prevpos++; 278 

    } 279 

    if (substr($seq{$gene}, $pos, 1) ne "-"){ 280 

     $currpos++; 281 

    } 282 

   } 283 

  } 284 

  $previous = $gene; 285 

  $num++; 286 

 } 287 

 288 

 close(PS); 289 

} 290 

  291 
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