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Abstract

Assembly and super scaffolding with multiple genera.
We examined experiments from 16 different genera to determine if the

results seen for the Tribolium castaneum genome are typical for other
genomes as well. The T. castaneum genome map N50 was found to be
in the high end of the probability density distribution (Additional file
6; Figure 1). The same is true for the Tcas5.0 draft sequence assembly
N50 and percent of N50 improvement after super scaffolding compared
to the other 17 of 19 total projects that had draft sequence genomes
(Additional file 6; Figure 1). However, in no case was the T. castaneum
value the highest value recorded, suggesting that a wide range of output
quality is possible including values better and worse than the output for
T. castaneum.

We checked for evidence of correlations between a range of genomic
metrics and map assembly, alignment or FASTA super scaffolding results.
Because many of the genomic metrics had very broad ranges with vari-
ance that increased often for higher values the genomic metrics were log
transformed to compress the upper tails and stretch the lower tails of the
distributions.

Overall we found little correlation between either sequence FASTA
N50, molecule map coverage or molecule map label density and final
genome map N50. We did, however, find correlations between finished
map and sequence assembly metrics and alignment and super scaffold-
ing quality. There is a positive correlation between high value sequence
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assembly metrics and in silico map-to-genome map alignment metrics
(Additional file 6; Figures 3-5) as well as post super scaffolding N50 im-
provement (Additional file 6; Figures 3,5). There is also a positive corre-
lation between high value genome map assembly metrics and post super
scaffolding N50 improvement (Additional file 6; Figures 3,5). However, no
direct correlation was found between sequence assembly N50 and genome
map N50 (Additional file 6; Figures 4-5). Taken together the analysis
suggests different factors may determine sequence assembly and genome
map assembly quality. Although sequence assembly N50 may not be use-
ful to predict genome map N50, if both independent assemblies have high
N50’s than more of the map lengths may align and super scaffolding may
be more productive.

The low degree of correlation found between genome map N50 and
sequence N50 may stem from steps unique to the molecule map imaging
process. It might be expected that a genome with sequence that assembles
well may have qualities that would also favor molecule map assembly (e.g.
low repeat content, low ploidy, inbreed lines, etc.). However molecule map
assembly is also influenced by unique factors like frequency of fragile sites
(two labels occurring on opposite strands in close proximity), labeling
efficiency and ability to extract high molecular weight DNA all of which
vary for different organisms.

Principal component analysis suggests a negative correlation between
labels per 100 kb and molecule coverage (Additional file 6: Figures 2-
3). The correlation between labels per 100 kb and molecule coverage
was weakly significant in individual regression (Additional file 6; Figures
4-5). Labels per 100 kb are monitored as molecules are being imaged.
Lower than expected label density can occasionally lead to further labeling
reactions or other adjustments to data collection and therefore greater
depth of coverage.

Overall, comparison of the results for the T. castaneum genome and
19 additional genome projects suggest that results may vary widely from
project to project. Many factors may contribute to this effect including the
quality of the sequence assembly, degree of divergence between the organ-
ism or organisms used to extract DNA, success of extraction and labeling
of high molecular weight DNA, genome size and genome complexity. In
fact, the tendency for assemblies from the same genera or species to cluster
together on the PCA plots suggests that organism-specific qualities may
influence assembly, alignment or super scaffolding results (Additional file
6: Figures 2-3). Although analysis of more projects is needed to determine
if these similarities are meaningful predictors of output quality.
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Figure 1: Assembly metrics for various genomes. Raw assembly metrics
are plotted along the x-axis with density on the y-axis. Plots include a density
histogram (blue) and a smooth density estimate (black line). The x-axis value
for the Tcas5.0 draft assembly is also indicated (dashed black line). In all plots
the Tcas5.0 draft assembly or the Tcas genome maps are on the higher end of
the distribution indicating that the initial draft assembly was relatively high
quality and that the results of molecule map assembly and super scaffolding
were also relatively high quality. In no plot was the Tcas5.0 draft assembly in
the highest value bin.
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Figure 2: Biplot of the first and second principal components for the
log transformed assembly metrics. Multicolored samples representing in-
dividual assemblies are identified by genus. The assembly metrics included as
vectors are indicated in burgundy. PC1 explained 42.8% of the variance in the
included studies. Genome map N50, percent of length of in silico map aligned
with genome maps and molecule map coverage were positively correlated with
each other and negatively correlated with molecule map labels per 100 kb. If
higher label density increased the number of fragile sites within the genome this
could negatively effect the proportion of the molecules that remain long enough
for molecule length filters and could impede assembly across fragile sites in
genome maps. PC2 explained 27.4% of the variance. Primarily in PC2 genome
map N50, percent of length of in silico map aligned with genome maps and
molecule map labels per 100 kb were positively correlated with each other and
negatively correlated with molecule map coverage. Overall, genome map N50
and percent of length of in silico map aligned with genome maps were posi-
tively correlated with each other in both PC1 and PC2. Because many of the
genomic metrics had very broad ranges with variance that increased often for
higher values the genomic metrics were log transformed to compress the upper
tails and stretch the lower tails.
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Figure 3: Biplot of the first and second principal components for the
log transformed assembly metrics (Draft only). Multicolored samples
representing individual assemblies are identified by genus. The assembly met-
rics included as vectors are indicated in burgundy. PC1 explained 37.7% of
the variance in the included studies. In PC1, FASTA N50, genome map N50,
increase in FASTA N50 after super scaffolding, percent of in silico map length
aligned to genome maps all showed a strong positive correlation to each other.
Genome FASTA length also showed a positive correlation with these variables.
PC2 explained 23.6% of the variance. In this PC molecule map coverage is
strongly negatively correlated with molecule map labels per 100 kb and genome
FASTA length. Labels per 100 kb values are monitored as data is collected and
compared to estimated label density. Lower than expected label density can
occasionally lead to further labeling reactions or other adjustments to data col-
lection and therefore greater depth of coverage. This may be more common for
unsupported samples (i.e. a species that has not previously been used to create
molecule maps). Larger genomes take more data collection to provide the same
fold coverage of the genome. Therefore it is not surprising that FASTA length is
negatively correlated with molecule map coverage depth. Because many of the
genomic metrics had very broad ranges with variance that increased often for
higher values the genomic metrics were log transformed to compress the upper
tails and stretch the lower tails.
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Interestingly, there was no significant correlation indicated between genome
map N50 and sequence assembly N50. One might expect that a genome with

sequence that assembles easily may have qualities that would also favor
molecule map assembly (e.g. low repeat content, low ploidy, inbreed lines,
etc.). However molecule assembly is also influenced by unique factors like
frequency of fragile sites (two labels occurring on opposite strands in close
proximity), labeling efficiency and ability to extract high molecular weight
DNA all of which vary for different organisms. The label density, labels per
100 kb of molecule maps, had a weakly significant negative correlation with

molecule coverage (-0.41, p = 0.078). Labels per 100 kb of molecule maps had
no significant correlation with any other single genomic metric. Because many

of the genomic metrics had very broad ranges with variance that increased
often for higher values the genomic metrics were log transformed to compress

the upper tails and stretch the lower tails.
Interestingly, there was no significant correlation indicated between genome map
N50 and sequence assembly N50. One might expect that a genome with sequence
that assembles easily may have qualities that would also favor molecule map
assembly (e.g. low repeat content, low ploidy, inbreed lines, etc.). However
molecule assembly is also influenced by unique factors like frequency of fragile
sites (two labels occurring on opposite strands in close proximity), labeling
efficiency and ability to extract high molecular weight DNA all of which vary for
different organisms. The label density, labels per 100 kb of molecule maps, had a
weakly significant negative correlation with molecule coverage (-0.41, p = 0.078).
Labels per 100 kb of molecule maps had no significant correlation with any other
single genomic metric. Because many of the genomic metrics had very broad
ranges with variance that increased often for higher values the genomic metrics
were log transformed to compress the upper tails and stretch the lower tails.

Figure 4: Correlation matrix for log transformed assembly metrics. Di-
agonal panels indicate the assembly metric used as the x-value in the respective
column and the y-value in the respective row. Lower panels show XY scatter
plots of each metric against all other metrics with a best fit line (red). Upper
panels show the correlation coefficient (with font scaled based on the absolute
value of the correlation coefficient). Significance of correlation coefficient is in-
dicated in red (where ”” means p < 1, ”.” means p < 0.1, ”*” means p < 0.05,
”**” means p < 0.01 and ”***” means p < 0.001). Length of the sequence
assembly FASTA file strongly negatively correlates with single molecule map
coverage (-0.80, p < 0.001). However there was no significant correlation be-
tween assembled genome map N50 and genome sequence length or molecule map
coverage. Length of the sequence assembly FASTA did positively correlate with
the percent of the in silico map aligned with genome maps (0.53, p = 0.021).
Interestingly, there was no significant correlation indicated between genome map
N50 and sequence assembly N50. One might expect that a genome with sequence
that assembles easily may have qualities that would also favor molecule map
assembly (e.g. low repeat content, low ploidy, inbreed lines, etc.). However
molecule assembly is also influenced by unique factors like frequency of fragile
sites (two labels occurring on opposite strands in close proximity), labeling
efficiency and ability to extract high molecular weight DNA all of which vary for
different organisms. The label density, labels per 100 kb of molecule maps, had a
weakly significant negative correlation with molecule coverage (-0.41, p = 0.078).
Labels per 100 kb of molecule maps had no significant correlation with any other
single genomic metric. Because many of the genomic metrics had very broad
ranges with variance that increased often for higher values the genomic metrics
were log transformed to compress the upper tails and stretch the lower tails.
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Figure 5: Correlation matrix for log transformed assembly metrics
(Draft only). Diagonal panels indicate the assembly metric used as the x-
value in the respective column and the y-value in the respective row. Lower
panels show XY scatter plots of each metric against all other metrics with a
best fit line (red). Upper panels show the correlation coefficient (with font
scaled based on the absolute value of the correlation coefficient). Significance
of correlation coefficient is indicated in red (where ”” means p < 1, ”.” means
p < 0.1, ”*” means p < 0.05, ”**” means p < 0.01 and ”***” means p < 0.001).
Again FASTA N50 positively correlated with the percent of the total length of in
silico maps to align to genome maps (0.49, p = 0.052). FASTA length positively
correlated with the percent of the total length of in silico maps to align to
genome maps (0.46, p = 0.076). The percent increase in FASTA N50 after super
scaffolding with Stitch significantly positively correlated with genome map N50
and FASTA N50 (0.64, p = 0.007; 0.56, p = 0.023). For the projects with draft
sequence assemblies there was no significant correlation between molecule map
coverage and genome map N50. There was still a significant negative correlation
between FASTA length and molecule map coverage (-0.65, p = 0.007). Again,
the label density, labels per 100 kb of molecule maps, had a weakly significant
negative correlation with molecule coverage (-0.46, p = 0.075). Also, labels per
100 kb of molecule maps had no significant correlation with any other single
genomic metric. Because many of the genomic metrics had very broad ranges
with variance that increased often for higher values the genomic metrics were
log transformed to compress the upper tails and stretch the lower tails.
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