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Abstract

Background

Mosaic loss of chromosome Y (LOY) is the most common somatic mutation and is associated
with all-cause mortality, non-haematological cancers and Alzheimer’s disease among other
outcomes. The predominant method used for estimating LOY is the intensity data generated
by SNP-arrays, which is difficult to interpret due to its logarithmic scale. Here we describe a
new way to convert the LOY mosaicism into a non-logarithmic scale, which instead

represents the percentage of affected cells.
Methods

We compared three independent LOY readouts from matched samples, generated by SNP-
array, whole genome sequencing and droplet digital PCR. The SNP-array standardization was
derived from this comparison and was applied in analyses of serially collected samples from a
large cohort of aging men. The sampling was performed up to five times, spanning up to 22

years.
Results

We observed a higher correlation between the LOY measurements from SNP-array and the
two other readouts when using the standardized, instead of the logarithmic, SNP-array data.
We also observed a pronounced intra-individual variation of changes in the frequency of LOY

within individual males over time.
Conclusions

Describing LOY measurements generated from SNP-arrays in percentage of cells without the
Y chromosome makes comparisons to WGS and ddPCR measurements more precise and
easier to interpret. This standardization could be applied to the vast amount of SNP-array data
already generated in the scientific community, allowing further discoveries of LOY associated
disease and outcomes. Additionally, the frequency of LOY in this study changed profoundly

within men over time, likely as a result of aberrant clonal expansions.

Keywords
Mosaic loss of chromosome Y, LOY, somatic mutation, SNP-array, WGS, ddPCR.
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Background

Somatic mosaicism is defined as the presence of post-zygotic mutations in the soma of an
organism. Mosaic loss of chromosome Y (LOY) refers to Y chromosome aneuploidy acquired
during life and it is the most common post-zygotic mutation in human blood cells, affecting
~1.6% of the genome(1). For over 50 years it has been known that LOY is a frequent event in
cells of the hematopoietic system(2) and LOY in leukocytes was long viewed as a neutral
event related to normal aging without phenotypical consequences(3). However, recent studies
suggest the opposite as LOY has been found to be associated with increased risk for all-cause
mortality(4, 5) as well as a growing list of diverse diseases and outcomes such as various
forms of cancer(4, 6-9), autoimmune conditions(10, 11), Alzheimer’s disease(12), major
cardiovascular events(13, 14), suicide completion(15), schizophrenia(16), diabetes(14) as well

as age-related macular degeneration (AMD)(17).

At the single cell level LOY is a binary event, but it is manifested at the level of an individual
as a gradual mosaicism, ranging from zero to 100% of cells without a Y chromosome. Recent
studies have established that the frequency of LOY in leukocytes increases with age and that
it occurs in about 5-10%, 15-20% and 20-30% of aging men around 60, 70 and 80 years of
age, respectively(4, 7, 12, 18, 19). Furthermore, a recent study showed that the frequency of
LOY in blood cells was 57% in 93 year old men(20). Although aging itself clearly is a very
important risk factor, LOY in blood cells have also been reported in younger men(8, 17, 19)
and other tissues (ectodermally-derived buccal mucosa), although in lower frequency than in
haematopoietic cells(20). Thus, further studies are needed to fully characterize its prevalence,
dynamic changes over time as well as potential phenotypic effects during the entire lifespan
and across many tissues. Additional risk factors have been described and include smoking(7,

17, 18, 21), exposure to air pollution(22) as well as genetic background(7, 18, 23).
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80  Measurements of LOY mosaicism from DNA have and could be performed using

81  technologies such as karyotyping, g°PCR, DNA-arrays and next generation sequencing (NGS)

82  (Additional file 2: Supplementary Table 1). During the last decades, many millions of human

83  DNA samples have been characterized in different large scale human genome projects and

84  could readily be analyzed for occurrence of somatic structural variants and aneuploidies such

85 as LOY in individual samples. For example, recent studies have reanalyzed data generated

86  with various SNP-arrays, originally intended for genome wide association studies (GWAS) to

87  estimate the level of LOY. The normalized intensity data captured by the array (Log R Ratio,

88 LRR) reflect the DNA copy number in different regions of the genome. Hence, the

89  measurement of LOY can be calculated from the median of the LRR values of the probes

90 located within the male-specific region of chromosome Y (MSY, chrY: 2,781,480—

91 56,887,902, hg19/GRCh38.p12). This method typically generates an estimation for LOY

92 called mLRRY (median Log R Ratio on male specific chromosome Y) where individuals

93  without LOY display an mLRRY value around zero and a decreasing mLRRY value indicates

94  an increasing level of LOY mosaicism. However, this inversed relationship is a shortcoming

95 for intuitive interpretation of the mosaicism. To solve this problem, we here present a new

96 method to transform the mLRRY data into a more intuitive unit, i.e. the percentage of cells

97  with LOY (LOY%), which range between 0 and 100% and increases with the level of

98  mosaicism. We also applied this transformation in comprehensive analyses of serially

99  collected samples from aging men to characterize previously an unknown intra-individual
100 variation of changes in the frequency of LOY within the blood of individuals studied over

101  time.

102  Results

103  We used data generated by SNP-array, whole genome sequencing (WGS) and droplet digital

104  PCR (ddPCR targeting the AMELX/AMELY polymorphism) to estimate the level of LOY in
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105  DNA samples extracted from peripheral blood nucleated cells. The same DNA samples were
106  analysed using these three methods and the estimated level of LOY in each sample from each
107  technology is provided in Additional file 2: Supplementary Table 2. A detailed description of
108  how LOY was estimated using each approach is provided in the Methods section. Briefly, for
109  SNP-array data, a continuous variable was calculated from the Log R Ratio (MLRRY) as a
110  median intensity value. For WGS, the frequency of cells with the Y chromosome present was
111 estimated from the ratio between the read depth on chromosome Y in relation to the full

112 genome. Finally, in the ddPCR we quantified the relative number of X and Y chromosomes

113 by targeting a 6 bp polymorphism present between the AMELX and AMELY genes.

114  The generated data enabled us to compare the measurements of LOY among the three

115 independent technologies (Fig. 1) and we found WGS and ddPCR to have the highest

116  concordance in LOY estimation (Fig. 1 panels a and b). Specifically, in the samples analysed
117 with these two independent technologies, a close to perfect correlation in LOY-estimation was
118  achieved (R?=0.998, p< 2.2x10%, Fig. 1 panels a and b). Comparing the level of LOY

119  estimated in the samples analysed using SNP-array and WGS as well as in the samples

120  analysed using SNP-array and ddPCR, also showed a high degree of concordance (Fig. 1

121 panels a, c and d). However, in contrast to the linear correlation between WGS and ddPCR
122 readouts, comparing the level of LOY estimated using SNP-array with WGS or ddPCR

123 showed non-linear relationships (Fig. 1 panels ¢ and d). To increase comparability between
124  SNP-array and other methods, we transformed the SNP-array data according to a new

125  equation (LOY% = 100*(1-22M-RRY)) as further described in the Methods section. The

126 transformation was made by adjusting mLRRY data to the LOY estimates for the same

127 samples using WGS and ddPCR and applying the method on the SNP-array data generated a

128 linear relationship (Fig. 1 panels a, e and f).

129
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130  Serial analyses of LOY in 276 aging men

131 The level of LOY from all available serially collected samples from the cohort Uppsala

132 Longitudinal Study of Adult Men (ULSAM, www.pubcare.uu.se/ulsam) was estimated using
133 Illumina SNP-array data, with both the conventional MLRRY as well as percent of cells with
134  LOY as a metric. The serial analyses included data from 798 separate measurements of LOY
135 in 276 men (median age = 81.9, range = 70-93) and each man was sampled 2-5 times over a
136 period of up to 22.2 years. A main result from the serial analysis was an overall higher

137  frequency of LOY within samples collected at higher ages (Fig. 2), confirming results of

138  previous studies(4, 7, 12, 17-20). Furthermore, the serial analysis also revealed a previously
139  undescribed profound inter-individual variation in the developmental trajectories of LOY
140  clones in different men, i.e. variation in LOY driven aberrant clonal expansions (ACEs(1)),
141  also referred to as clonal haematopoiesis (CH). For example, the result shows that in 67% of
142  the studied individuals, the level of LOY did not change substantially during the study. We
143  also found that the frequency of LOY increased during follow-up time in 26% of the

144  individuals and decreased in 7% of the individuals (Fig. 2, Additional file 1: Supplementary
145  Fig. 9 and Additional file 2: Supplementary Table. 3). More complex patterns could also be
146  observed in a few individuals i.e. initial increase of LOY followed by a decrease but also

147  initial decrease followed by an increase of LOY. These dynamic patterns were observed using
148  both units to estimate LOY from the SNP-array data, i.e. mLRRY and percent of cells with

149  LOY, respectively (Fig. 2 panels a and b).

150  As mentioned above, the frequency of LOY within a subset of the studied individuals showed
151  aclear increase during follow-up time. The dotted lines in panels a and b in Fig. 2 mark a

152  threshold where 30% of the studied cells in the samples are without the Y chromosome. Of
153  the 276 men studied, we found that 65 individuals in at least one time point had a level of

154  LOY on or above this threshold and their 183 measurements of LOY were plotted in Fig. 2
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155  panel c. Within this group we observed that a subset of men showed a non-linear increase in
156  frequency of LOY over time while others did not (Additional file 1:Supplementary Fig. 9).
157  We tested for both linear and exponential associations between LOY and age in this group
158  consisting of 183 data points and found that a linear predictor was stronger than the

159  exponential (linear regression: R?=0.3442, p< 2.2x107® and exponential regression:

160  R?=0.3298, p<2.2x107%%). Nevertheless, these group level analyses fail to reveal cases with a
161  non-linear increase in frequency of LOY over time, which were observed in certain

162  individuals (Fig. 2 and Additional file 1: Supplementary Fig. 9).

163

164 Discussion

165  Measurements of LOY from DNA have been performed using many different technologies
166  such as various types of karyotyping, gPCR, genotyping arrays and next generation

167  sequencing (Additional file 2: Supplementary Table 1). Recent studies have reanalyzed data
168  generated with various SNP-arrays, originally intended for genome wide association studies
169  (GWADS), to estimate the level of LOY in individuals and described profound phenotypic
170  effects associated with LOY in leukocytes. We here evaluated the three independent

171 technologies SNP-arrays, WGS and ddPCR (targeting the AMELX/AMELY polymorphism)
172 for measuring LOY mosaicism. We analysed the same DNA samples using these three

173 methods which enabled comparisons of the level of LOY estimated by the different

174  technologies.

175  We established that LOY estimation using WGS and ddPCR vyielded close to identical results
176  from the same DNA samples tested. However, the corresponding comparisons between SNP-
177  array and WGS or ddPCR showed non-linear relationships, likely as an effect of the

178  logarithmic scale of the intensity data generated by the SNP-array platforms. After scaling the
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179  SNP-array data using a new method, the comparisons to other methods increased linearity
180  (Fig. 1). In addition, the unit percentage of cells with LOY, generated by the transformation,
181  represents the studied biological event in a more straightforward way, since a higher

182  percentage represents a higher level of mosaicism.

183  In order to evaluate the new method and the LOY % unit, we studied serial changes in the

184  level of LOY mosaicism in DNA samples collected serially in a unique cohort of aging men
185  called ULSAM. To our knowledge, this is the first study showing comprehensive LOY

186  analyses from samples collected serially from the same men. The participants of the ULSAM
187  study have been followed clinically for 48 years and blood samples have been collected

188  repeatedly from the same participants. The serial sampling allowed us to, for the first time,
189  study changes in the level of LOY within individuals over time and we found three main

190  patterns. First, in a large part of the studied men, the levels of LOY were relatively low during
191  the entire study period. Second, in other men the frequency of LOY increased substantially
192  during follow-up time and third, in a few men we found that the level of LOY showed an

193 initial increase followed by a decrease in frequency (Fig. 2 and Additional file 1:

194  Supplementary Fig. 9). Thus, we validated results from previous studies showing that LOY is
195  more frequent in older men(4, 7, 12, 18-20) and in addition, we described a novel finding of
196  profound inter-individual variation in development of LOY clones in blood (Fig. 2).

197  Interestingly, we observed in a subset of the studied men that the frequency of LOY increased
198 inanon-linear rate (Additional file 1: Supplementary Fig. 9). These results illustrate the

199  dynamic nature of aberrant clonal expansions (ACEs(1)) with LOY in the hematopoietic

200 system. The non-linear increase in frequency of LOY over time is likely an effect of oligo or
201 polyclonal processes, i.e. several hematopoietic progenitor cells giving rise to ACEs with

202 LOY.
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203  Here we describe a new method for transformation of LOY data generated by SNP-array and
204  show its advantages applied on a data set where LOY was estimated on serially collected

205  blood samples. The approach to re-analyze SNP-array data could be applied to the millions of
206  experiments already generated in GWAS studies, to further investigate associations between

207 LOY and various diseases and other phenotypic outcomes.

208

209 Conclusions

210  Here we describe a new method for standardization of LOY data generated by SNP-array and
211 show its advantages when comparing with LOY estimates using WGS or ddPCR.

212 Furthermore, when applied on a data set where LOY was estimated on serially collected blood
213 samples, data was easier to interpret with the intuitive scale and unit (LOY%). This

214  standardization could be applied to estimate LOY in the millions of SNP-array experiments
215  already generated in GWAS studies to further investigate associations between LOY and

216  various diseases and other phenotypic outcomes.

217

218

219
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220 Methods

221 Samples and DNA extraction

222 DNA was extracted from blood samples of participants in the Uppsala Longitudinal Study of
223 Adult Men (ULSAM, www.pubcare.uu.se/ulsam) using the QIAamp DNA Blood kit (51194,
224  Qiagen) according to the manufacturer’s instructions.

225

226 SNP-array

227  The mLRRY value was calculated as the median of the Log R Ratio (LRR) value of each
228  probe in the male specific Y (MSY)) region of chromosome Y between the pseudoautosomal
229  region 1 and pseudoautosomal region 2 (PAR-1 and PAR-2). The four different lllumina

230  SNP-array platforms used in this study and the number of probes in the MSY and PAR

231 regions for the genotyping platforms used in this study are described in Additional file 2:

232 Supplementary Table 4. The mLRRY value calculated for each sample (N=121) was adjusted
233 for batch effects using the positive tail of the distribution of mMLRRY values for each batch as
234  an estimator of the batch specific noise as previously described(4).

235

236 mMLRRY transformation

237  Transformation from mLRRY generated from MSY to percentage of cells was done in three
238  steps. First mLRRY was antiloged (2M-RRY) and correlated to data from the same samples
239  generated by WGS (N=26) or ddPCR (N=121). Secondly, a power equation was calculated
240  from both correlations and independently of each other resulted in the same formula:

241 0.9*mLRRY?'® (R2=0.97). Finally the formula was rounded to the nearest integer and used to
242 adjust the antilog mLRRY, resulting in the following equations:

243 Percent of cells with the Y chromosome = 100*22"MLLRY

244  Percent of LOY cells = 100*(1-22"™MLLRY)
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245  In parallel, data generated from the PAR-region from chromosome Y and X (median B-allele
246  frequency, BAF) is presented in Additional file 1: Supplementary Figure 4 panel b, and was
247  calculated accordingly(24):

248  Proportion of cells with the Y chromosome = 2BAF/(0.5+BAF)

249

250  The data describing the proportion of normal cells calculated from B-allele frequency was
251 also correlated to WGS and ddPCR and by rounding the resulting power equation to the

252 nearest integer the relationship to percentage of cells could be described:

253  Percent of cells with the Y chromosome = 100*(2BAF/(0.5+BAF))3

254

255  Whole genome sequencing (WGS)

256  Sequencing libraries were prepared using the truseq Nano DNA sample preparation kit (T FC-
257  121-4001/4002, lllumina Inc) extracting 100 ng DNA for each sample. Sequencing libraries
258  were run on an lllumina HiSeq X instrument (version 2.5 sequencing chemistry) and

259  sequenced to a depth of 30x. Each sequenced library had a read length of 150 bp with an

260 insert size of 350 bp.

261  Sequencing reads were aligned to the GRCh37 human reference genome with the BWA

262  aligner (version 0.7.12). Copy number for chromosome Y was estimated by the Control-

263  Freec software using read counts in non-overlapping windows across the genome. These were
264  fitted by the GC content and mappability information and the median ploidy for the Y

265  chromosome was calculated(25).

266

267 ddPCR

268  Bio-Rad’s QX200 Droplet Digital PCR System was used for the processing and fluorescent

269  measurements of droplets. Additionally, Bio-Rad’s software QuantaSoft (version 1.7.4.0917)
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270  was used in both data generation and analysis. Extracted DNA samples with concentrations
271 ranging between 300ng/ul to 20ng/ul were pre-digested for 15 minutes in 37°C with HindllI
272 (Thermo Fischer, article number: #FD0504) and diluted with an equal volume of water.

273 Subsequently 50 ng of the digested and diluted DNA sample was mixed in PCR supermix for
274  probes without dUTP (BioRad, article number: 186-3023) together with primers and probes
275  (Thermo Fisher, article number: C_990000001_10). PCR conditions used was an initial

276  denaturation at 95°C for 10 minutes followed by 40 cycles of 94°C denaturation for 30

277  seconds and combined annealing and extension at 60°C for 1 minute. The PCR program ends
278  with 98°C for 10 minutes and finally a 10°C hold. The fluorophores for the TagMan probes
279  are FAM for AMELY and VIC for AMELX and the schematics of the AMELX/AMELY

280 TagMan-assay used in this study is described in Additional file 1: Supplementary Figure 5.
281  Samples were run in duplicates and if the standard deviation for the AMELY/AMELX ratio
282  exceeded 1.2, it was re-run.

283

284  To estimate the limit of detection (LOD) for LOY, a dilution series was generated by mixing
285  male and female DNA and determined by linear regression accordingly:

286 LOD=3*Sa/b

287  Where Sa is the standard deviation and b is the slope of the dilution series.

288

289  Pairwise two-tailed student t-test was used for comparing the control male DNA to each of the
290 different steps in the dilution series. The measured AMELY/AMELX ratio was adjusted for any
291  LOY in the male control DNA. Additionally, the difference between male and female

292  genomic weight was also adjusted for when producing the dilution series.

293

294
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403  Figure 1. Comparisons between LOY measurements using three different methods, from the
404  same set of DNA samples. The level of LOY was analysed using SNP-array, WGS and

405 ddPCRin 121, 26 and 121 samples, respectively. By comparing the LOY measurements

406  generated from the same sample using different technologies, we could estimate the accuracy
407  for each method and the Pearson’s coefficient of determination for each correlation is

408  presented in panel a. The Y-axes show the level of LOY estimated by different methods,

409  represented as percentage of XY-cells (panels b, e and f) or as MLRRY (panels ¢ and d). The
410  X-axes in panels b-f show the percetange of XY-cells estimated with different technologies.
411  Inpanels b, e and f, the grey lines represent the best theoretical fit and black lines show linear
412  regressions. A linear correlation was observed between WGS and ddPCR (panels a and b).
413 Non-linear relationships were observed between SNP-array and WGS (panel a and c) as well
414  as between SNP-array and ddPCR (panels a and d). Transformation of SNP-array data

415 increased the linearity of the relationship (panels a, e and f).
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418  Figure 2. Results from serial analyses of LOY in whole blood DNA from 276 aging

419 individuals sampled 2-5 times over a period of up to 22.2 years. X-axes show the age of

420 sampling in years and Y-axes display the level of LOY estimated by SNP-array. In panel a the
421  unit for LOY is the mLRRY and in panels b and c the unit is LOY%. Each red point

422  represents a measurement of LOY in a single man and time point and black lines connects

423  measurements from the same individual. Panels a and b visualise the changes in frequencies
424  over time and dynamics of LOY clone evolution in blood within individually studied men.
425  The dotted lines in panels a and b indicate a threshold at 30% LOY representing a high level

426  of LOY and men with at least one measurement above the threshold are plotted in panel c.
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Supplementary figure 1. Measurement of LOY using three different

methods
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Supplementary figure 1. Measurements for mosaic loss of chromosome Y (LOY) using SNP-array,
whole genome sequencing (WGS) and droplet digital PCR (ddPCR) with the AMELY/AMELX-assay
from paired individuals (N=26). The plotting of SNP-array data (mLRRY) on the x-axis and either
WGS median ratio of chromosome Y reads on the y-axis (a) or AMELY/AMELX-ratio from ddPCR on
the y-axis (b) results in a problematic comparison due to non-linearity and difference in the scale.
Antilog of SNP-Array mLRRY -data on the x-axis makes it possible to apply a power trendline with
either AMELY/AMELX-ratio from ddPCR (c) or WGS median ratio of chromosome Y reads on the y-
axis (d). The SNP-array antilog mLRRY -data was adjusted according to the formula from the power
trendline into an empirically determined ratio and plotted on the x-axis with the corresponding WGS
ratio (e) or ddPCR data (f) on the y-axis. The formula for adjusting SNP-Array mLRRY to ratio of
XY-cells was finally rounded to the closest integer and applied on the mLRRY data on the y-axis

while comparing with LOY estimates generated by WGS (g) or ddPCR (h) plotted on the y-axis.
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Supplementary figure 2. Correlation between two units of LOY
measurements using SNP-Array (N=121)
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Supplementary figure 2. SNP-array data visualised on the x-axis by median Log R Ratio of the male
specific chromosome Y (MLRRY) and on the y-axis as percent of normal cells generated using the

transformation described in Methods.
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Supplementary figure 3. Correlation between AMELY/AMELX ratio

generated from ddPCR to stepwise transformed SNP-Array data generated

from the male specific chromosome Y (N=121)
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Supplementary figure 3. Ratio between AMELY and AMELX generated from ddPCR is plotted on the
y-axis in all four plots and compared with data generated from SNP-Array from paired individuals
(N=121) on the x-axis. Comparison using mLRRY (a) is again problematic with a non-linear
correlation and both negative and positive values. Antilog of mLRRY (2“mLRRY) results in only
positive values and makes it possible to apply a power trendline (b). The generated power trendline
formula was used to adjust the mLRRY (c), resulting in a linear correlation between ddPCR and SNP-
Array data. Adjusting mLRRY with a formula rounded to the closest integer in the power trendline
formula (d) also resulted in a linear correlation but with an even higher correlation coefficient than the

linear model using the exact values of the power trendline in panel b.
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Supplementary figure 4. Correlation between AMELY/X ratio generated

from ddPCR to stepwise transformed SNP-Array data generated from the

pseudoautosomal region 1 of chromosome X and Y (N=121)
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Supplementary figure 4. The SNP-Arrays also generates data for the b-allele frequency (BAF) of the
pseudoautosomal region 1 (PAR1). This can be used to study LOY as PARL1 is present on both the X
and the Y chromosome. Ratio between AMELY and AMELX generated from ddPCR is plotted on the
y-axis in all four plots and compared with data generated from SNP-Array from paired individuals
(N=121) on the x-axis. Comparison using BAF (a) is again problematic due to non-linear correlation
and spans only the region between 0 and 0.5. Using a previously published algorithm, the spanned
region is increased to reach close to 1, but the non-linearity is unaffected (b). The generated formula
from the power trendline in (b) was used to adjust the BAF-derived data (c), resulting in a linear
correlation between ddPCR and SNP-Array data. Adjusting the BAF-derived data with the same
formula but rounded to the closes integer (d) also resulted in a linear correlation but with an even

higher correlation coefficient.
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Supplementary figure 5. Schematics of the ddPCR assay AMELX/AMELY.
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Supplementary figure 5. Schematics of the AMELX/AMELY ddPCR tagman assay. The genetic
target for this assay is the homologous genes AMELX and AMELY on chromosome X and Y
respectively, that carries a 6-bp deletion in AMELX. a) Alignment of the region containing this 6-bp
deletion that is targeted for PCR-amplification using identical forward and reverse primers for AMELX
and AMELY. b) During the PCR-amplification, fluorescently labelled (and quenched) TagMan probes
specifically hybridise to either the deleted site on AMELX or the inserted site on AMELY. c¢) The
fluorophores are cleaved of by the polymerase, allowing excitation of the fluorophore (FAM for
AMELY and VIC for AMELX).
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Supplementary figure 6. Correlation plot with ddPCR (percent
AMELY/AMELX) and transformed SNP-Array data (MSY and BAF

derived into percent XY-cells)

ddPCR vs. Array (MSY & PAR measurements using % normal cells)
120

MSY based
Linear model
y=0,9359x + 0,1421

R*=0,9589
100
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y = 1,0015x - 2,33938
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Supplementary figure 6. Ratio between AMELY and AMELX expressed as percent normal-cells
generated from ddPCR is plotted on the y-axis and compared with data generated from SNP-Array
from paired individuals (N=121) on the x-axis. Data generated from MSY (transformed mLRRY) is
plotted in blue and data generated from PARL1 (transformed BAF-derived data described in detail in
Methods) is plotted in grey. The PAR-derived data highly correlates to the MSY-data except for the
region over 90% XY -cells, which is reflected in a lower Pearson’s R? of the linear model for PAR-

derived compared to MSY-based data.
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Supplementary figure 7. Linear model of dilution series measured with the

AMELY/AMELX ddPCR-assay
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Supplementary figure 7. The ddPCR-generated AMELY/X-ratio is plotted on the y-axis and the
expected AMELY/X-ratio from the dilution of male and female control DNA is plotted on the x-axis.
Blue dots represent the average from 4 replicates of each dilution step (Average dilution series 1).
Orange dots represent the average from 12 separate replicates from the same dilution series (Average
dilution series 2). The average from both dilution series is plotted in grey (Average dilution series

1+2). Linear regressions follow the same colour coding as the three series.
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Supplementary figure 8. Analysis of limit of detection of LOY using the

AMELY/AMELX polymorphism and ddPCR

110- . M

1001 H

Measured AMELY/X ratio (%)
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o

LOD =88.2% (11.8% LQY)
801

85 90 95 100
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Supplementary figure 8. Dilution series of chromosome Y, measured with the AMELY/AMELX
ddPCR-assay. On X-axis are six different known levels of LOY made from mixing male & female
DNA and on Y-axis are the measured AMELY/AMELX ratio. Limit of detection (LOD) was
determined by linear regression by the formula 3xSD/b, also explained in methods. The data required
for this calculation is disclosed in Supplementary Table 5. The lower hindge corresponds to the 25"
percentile and the upper hindge corresponds to the 75" percentile. The minimum value of the lower
whisker is 1.5 x IQR (inter quartile range) of the lower hindge and the maximum of the upper whisker
is 1.5 x IQR of the upper hindge. Additionally, significance level * indicates P<0.05 and *** indicates

P<0.0001, from a pairwise student t-test (two-sided) where every dilution step was compared to the

same male control DNA (AMELY/X ratio = 100%).
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Supplementary figure 9. Intra-individual LOY dynamics in 276 individuals
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Supplementary figure 9. Intra-individual LOY dynamics measured in 276 men visualized in LOY%
from SNP-array genotyping data using a range of two to five LOY measurements for every individual.

Plot numbering is according to the ID of individuals in the ULSAM cohort.
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Supplementary Table 2.
LOY LOY LOY LY LOY LOY LOY LOY
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Supplementary Table 3.

Longitudinal Change Individuals frequency
Unaffected 185 67%
Increasing LOY (>1%LOY/year)* 73 26%
Decreasing LOY (<1%LOY/year)* 18 7%

*determined by the slope on a linear trendline

Supplementary Table 4.
SMNP-array platform MISY PAR
probes  probes
IMDuo 4224 832
2.5M Omini 2494 530
Infinium QC Array 24 (XY chip) 1401 545
Omni Express Exome 1387 809
Supplementary Table 5.
Dilution Dilution Combined
series 1 series 2 series1land 2
(N=4) (N=12)  (N=4+12-16)
Standard deviation 0,027164 0.039043 0,036507
Slope (b)* 0,3466 0,9177 0,925
LOD (ratio of cells with the ¥ chromosome) 0,086089 0,127633 0,118401
LOD (percent of cells with the ¥ chromosome) 91,4 87,2 88,2
LOD (LOY%) 8,6 12,8 11,8

*estimated by linear regression (supplementary figure 7)

Page | 25


https://doi.org/10.1101/631713
http://creativecommons.org/licenses/by-nc-nd/4.0/

	Danielsson_maintext_figures_2019-05-09
	Danielsson_supplemental_2019-05-09

