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1 Overview of the supplementary material

In the following additional material of the paper is provided. We show in additional figures to the biological data and

additional figures to the simulation settings. In addition, we present also some R code.
Supplementary section 2 provides two additional biological data sets.

Supplementary section 3 provides additional information on the simulation setting. We repeated all settings to have a

better overview over all simulations. Therefore, some figures are duplicated in the paper and in the supplement.

Supplementary section 4 presents additional R code for our analysis. Please also consider the GitHub repository for the

direct access to the R code: https://github.com/msieg08/clustered data changepoint detection

Supplementary section 5 presents a small simulation study with different different litter variance on the course of the

confidence intervals
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2 Biological expression example data

2.1 Additional information on the biological expression example data

The data structure was the same for all four data sets. Each data set consisted of gene expression data from multiple samples
determined at 12 fixed time points plus the adult stage. The time points represent different developmental stages. The gene
expression information was constrained to one gene measured in one organ per time series. Expression of a specific gene in
a specific organ was measured in multiple mouse pups by multiple mothers from twelve days after coitus (E12, Theiler Stage
TS20 ) onwards. The 12 fixed time points contained two embryonic, four fetal, six postnatal and the adult stage(s). No pup
was included twice and each mother only had one litter, i.e. at each time point, the litters originated from different mothers.
The variance introduced from a varying litter is called the litter effect. Not including this information in the final model
could lead to overdispersion [1]. From a statistical point of view, this means expression data gained from the same litter was
dependent, but was independent between the litters. Hence, at each time point the data consisted of both dependent and

independent data points. Additionally, expression information between different time points was independent.
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2.2 Additional figures

a) Historical Gene Expression Data
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Supplementary Figure 1: Biological example data for the kidney and car9 gene. Subplot a) shows the biological example
data set. Each point in time on the x-axis represents a development stage. The development stages are independent. Each point
represents a pup and each color a mother animal. The pups are nested into the mothers. We added three broader development stages:
embryonal, fetal, and postnatal. Subplot b) shows the result of the Changepoint contrast, subplot ¢) the confidence intervals of the
Sequen contrast, and subplot ¢) the confidence intervals of the McDermott contrast. The red scattered line indicates the chosen limits
of biological relevance. The model fit shows converting problems.
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a) Historical Gene Expression Data
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Supplementary Figure 2: Biological example data for the liver and car9 gene. Subplot a) shows the biological example data set.
Each point in time on the x-axis represents a development stage. The development stages are independent. Each point represents a pup
and each color a mother animal. The pups are nested into the mothers. We added three broader development stages: embryonal, fetal,
and postnatal. Subplot b) shows the result of the Changepoint contrast, subplot ¢) the confidence intervals of the Sequen contrast, and
subplot c) the confidence intervals of the McDermott contrast. The red scattered line indicates the chosen limits of biological relevance.
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a) Historical Gene Expression Data b)  95% family-wise confidence level
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Supplementary Figure 3: Biological example data for Glutl expression in the developing kidney. Subplot a) shows the
biological example data set (log-transformed). Each point in time on the x-axis represents a development stage. Each data point
represents a pup and each color a mother animal. The pups are nested into the mothers. We added three broader development stages
(embryonal, fetal, postnatal) for easier reference. The subplots show the confidence intervals of the Changepoint contrast (b), Sequen
contrast (c), and McDermott contrast (d). The red scattered line indicates the chosen limits of biological relevance.
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2.3 Additional tables

Supplementary Table 1: Contrasts and estimates of figure 1. The table shows the numeric values form the kidney car9 example. The
C column indicates the contrast, the A the log mean change of the corresponding contrast C. The gray row indicates a possible change
point by visual inspection of figure 1. A significant confidence interval does not include zero.

Changepoint Sequen McDermott
95% CI 95% CI 95% CI
cf At Low Upp ct At Low  Upp ct Al Low Upp
c1 003 -042 048 2-1 -041 -097 015 C1 -041 -097 0.16
c2 03 0.09 062 3-2 0.06 -042 054 C2 -0.07 -0.52 0.38
Cc3 042 019 064 4-3 -000 -049 049 C3 -0.05 -044 0.35
cC4 049 029 069 5-4 -030 -0.76 0.15 C4 -0.34 -0.70 0.03
Cc5 069 050 08 6-5 -011 -058 035 Cb5 -037 -0.74 0.00
c6 091 073 110 7-6 -049 -097 -0.01 C6 -0.79 -1.17 -0.42
c7v 132 113 150 8-7 026 -025 076 C7 -042 -0.82 -0.03
c8 168 149 18 9-8 -0.09 -0.62 043 C8 -047 -0.87 -0.07
c9 215 195 235 10-9 027 -026 08 C9 -0.15 -0.55 0.25

C10 274 253 295 11-10 215 164 266 C10 2.01 1.64 2.37
c11 286 262 310 12-11 111 059 164 C11 293 252 3.34
c12 263 234 291 13-12 -0.11 -0.59 037 C12 263 233 292
T Given contrast.

! Point estimator of the confidence interval i.e. mean difference given the contrast.

Supplementary Table 2: Contrasts and estimates of figure 2. The table shows the numeric values form the liver car9 example. The C
column indicates the contrast, the A the log mean change of the corresponding contrast C. A significant confidence interval does not
include zero.

Changepoint Sequen McDermott
95% CI 95% CI 95% CI

ct At Low Upp Al Low Upp Ct Al Low Upp
CcC1l 042 -0.19 1.04 0.19 -0.67 105 C1 0.19 -0.67 1.06
c2 034 -009 0.78 -0.16 -094 061 C2 -0.06 -0.74 0.61
C3 041 0.06 0.76 0.30 -044 104 C3 0.26 -0.37 0.89
C4 035 0.03 0.66 038 -0.35 1.11 C4 057 -0.01 1.15
C5 016 -0.14 0.46 0.09 -059 078 C5 050 -0.02 1.03
c6 000 -0.29 0.29 0.05 -065 075 C6 045 -0.12 1.02
Cc7 -0.14 -043 0.15 001 -073 074 C7 038 -0.17 094
Cc8 -0.28 -0.58 0.03 -0.01 -0.v5 073 C8 0.32 -0.25 0.88
c9 -042 -0.74 -0.10 -0.15 -0.90 061 C9 0.14 -043 0.70
Cc10 -054 -090 -0.19 11-10 -0.18 -094 0.58 C10 -0.06 -0.62 0.51
c1 -066 -1.07 -026 12-11 -0.34 -1.08 041 C11 -0.39 -0.93 0.15
c12 -074 -126 -023 13-12 -041 -1.16 033 C12 -0.77 -1.34 -0.20
Cc13 -068 -140 0.04 14-13 0.04 -089 097 C13 -0.68 -1.45 0.09
T Given contrast.

! Point estimator of the confidence interval i.e. mean difference given the contrast.
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Supplementary Table 3: Contrasts and estimates of figure 3. The table shows the numeric values form the Glut! example data from
liver. The C column indicates the contrast, the A the log mean change of the corresponding contrast C. The gray row indicates a
possible change point by visual inspection of figure 3. A significant confidence interval does not include zero.

Changepoint Sequen McDermott
95% CI 95% CI 95% CI

ct Al Low Upp Al Low Upp Cf Al Low Upp
C1 002 -056 0.60 0.09 -0.66 08 C1 0.09 -0.67 0.85
CcC2 -0.05 -043 0.32 -0.60 -1.27 007 C2 -057 -1.19 0.04
c3 018 -0.14 0.50 -0.21 -0.88 047 C3 -0.59 -1.15 -0.03
c4 045 0.16 0.74 028 -035 091 C4 -0.13 -0.63 0.36
CcC5 057 029 0.84 045 -0.19 1.09 C5 035 -0.18 0.88
C6 054 026 0.82 036 -031 1.03 C6 0.65 0.13 1.16
cr7 043 0.14 0.71 -0.58 -1.26 009 C7 -0.03 -0.55 049
Cc8 051 021 0.82 -0.32 -1.01 037 C8 -0.35 -0.87 0.18
c9 072 038 105 10-9 017 -052 08 C9 -0.14 -0.66 0.38
Cc10 094 056 132 11-10 0.80 0.12 148 C10 0.67 0.17 1.17
Cc11 100 051 148 12-11 049 -0.19 117 C11 1.10 0.58 1.62
c12 087 020 154 13-12 -0.15 -1.01 o071 C12 0.87 0.15 1.59
T Given contrast. See Eq.?? for Sequen, Eq.?? for Changepoint, and Eq. ?7.
i Point estimator of the confidence interval i.e. mean difference given the contrast.
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3 Simulation setting

3.1 Additional figures
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Supplementary Figure 4: Confidence intervals of estimates from linear mixed model coupled with contrast matrix for
historical data with no change point. Figure a) shows the increasing points in time (x-axis) of the sampled historical data in
association with gene expression activity (y-axis) with no expected change point. Each color is related to one mother mouse. Subfigures
b), ¢) and d) show the estimates (x-axis) including confidence intervals for the observed contrasts (y-axis) with methods Changepoint,
Sequen and McDermott, respectively.
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a) i i b)  95% family-wise confidence level
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Supplementary Figure 5: Confidence intervals of estimates from linear mixed model coupled with contrast matrix for
historical data with a positive linear trend. Figure a) shows the increasing points in time (x-axis) of the sampled historical
data in association with gene expression activity (y-axis) with no expected change point. Each color is related to one mother mouse.
Subfigures b), ¢) and d) show the estimates (x-axis) including confidence intervals for the observed contrasts (y-axis) with methods
Changepoint, Sequen and McDermott, respectively.
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Supplementary Figure 6: Confidence intervals of estimates from linear mixed model coupled with contrast matrix for
historical data with one positive change point. Figure a) shows the increasing points in time (x-axis) of the sampled historical
data in association with gene expression activity (y-axis) with no expected change point. Each color is related to one mother mouse.
Subfigures b), ¢) and d) show the estimates (x-axis) including confidence intervals for the observed contrasts (y-axis) with methods
Changepoint, Sequen and McDermott, respectively.
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3 Historical Data
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Supplementary Figure 7: Confidence intervals of estimates from linear mixed model coupled with contrast matrix for
historical data with two positive change points. Figure a) shows the increasing points in time (x-axis) of the sampled historical
data in association with gene expression activity (y-axis) with no expected change point. Each color is related to one mother mouse.
Subfigures b), ¢) and d) show the estimates (x-axis) including confidence intervals for the observed contrasts (y-axis) with methods
Changepoint, Sequen and McDermott, respectively.
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a) i i b)  95% family-wise confidence level
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Supplementary Figure 8: Confidence intervals of estimates from linear mixed model coupled with contrast matrix for
historical data with three positive change points. Figure a) shows the increasing points in time (x-axis) of the sampled historical
data in association with gene expression activity (y-axis) with no expected change point. Each color is related to one mother mouse.
Subfigures b), ¢) and d) show the estimates (x-axis) including confidence intervals for the observed contrasts (y-axis) with methods
Changepoint, Sequen and McDermott, respectively.
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Supplementary Figure 9: Confidence intervals of estimates from linear mixed model coupled with contrast matrix for
historical data with a negative linear trend. Figure a) shows the increasing points in time (x-axis) of the sampled historical
data in association with gene expression activity (y-axis) with no expected change point. Each color is related to one mother mouse.
Subfigures b), c¢) and d) show the estimates (x-axis) including confidence intervals for the observed contrasts (y-axis) with methods

Changepoint, Sequen and McDermott, respectively.
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Supplementary Figure 10: Confidence intervals of estimates from linear mixed model coupled with contrast matrix for
historical data with one negative change point. Figure a) shows the increasing points in time (x-axis) of the sampled historical
data in association with gene expression activity (y-axis) with no expected change point. Each color is related to one mother mouse.
Subfigures b), ¢) and d) show the estimates (x-axis) including confidence intervals for the observed contrasts (y-axis) with methods
Changepoint, Sequen and McDermott, respectively.
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Supplementary Figure 11: Confidence intervals of estimates from linear mixed model coupled with contrast matrix for
historical data with two negative change point. Figure a) shows the increasing points in time (x-axis) of the sampled historical
data in association with gene expression activity (y-axis) with no expected change point. Each color is related to one mother mouse.
Subfigures b), ¢) and d) show the estimates (x-axis) including confidence intervals for the observed contrasts (y-axis) with methods
Changepoint, Sequen and McDermott, respectively.
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Supplementary Figure 12: Confidence intervals of estimates from linear mixed model coupled with contrast matrix for
historical data with three negative change point. Figure a) shows the increasing points in time (x-axis) of the sampled historical
data in association with gene expression activity (y-axis) with no expected change point. Each color is related to one mother mouse.
Subfigures b), c¢) and d) show the estimates (x-axis) including confidence intervals for the observed contrasts (y-axis) with methods

Changepoint, Sequen and McDermott, respectively.
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Supplementary Figure 13: Confidence intervals of estimates from linear mixed model coupled with contrast matrix for
historical data with a drop to total zero with zero variance. Figure a) shows the increasing points in time (x-axis) of the
sampled historical data in association with gene expression activity (y-axis) with no expected change point. Each color is related to one
mother mouse. Subfigures b), ¢) and d) show the estimates (x-axis) including confidence intervals for the observed contrasts (y-axis)

with methods Changepoint, Sequen and McDermott, respectively.
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Supplementary Figure 14: Confidence intervals of estimates from linear mixed model coupled with contrast matrix for
historical data with a drop with variance. Figure a) shows the increasing points in time (x-axis) of the sampled historical data in
association with gene expression activity (y-axis) with no expected change point. Each color is related to one mother mouse. Subfigures
b), ¢) and d) show the estimates (x-axis) including confidence intervals for the observed contrasts (y-axis) with methods Changepoint,
Sequen and McDermott, respectively.

20



Additional material Sieg et al. (2021)

3.2 Additional tables

Supplementary Table 4: Contrasts and estimates to supplementary figure 4. The table shows the numeric values form the simulation.
The C column indicates the contrast, the A the log mean change of the corresponding contrast C. No change point was simulated. A
significant confidence interval does not include zero.

Changepoint Sequen McDermott
95% CI 95% CI 95% CI

ct At Low Upp ct Al Low Upp Ct Al Low Upp
c1 -222 -531 08 2-1 -382 -819 055 C1 -3.82 -823 0.58
C2 -028 -258 202 3-2 268 -1.71 707 C2 065 -3.19 449
C3 -054 -254 145 4-3 -191 -632 250 C3 -1.44 -5.07 2.19
c4 -010 -193 173 5-4 0.63 -3.78 505 C4 -047 -3.98 3.05
C5 004 -171 180 6-5 2.714 -167 715 Cb5 237 -1.07 5.81
cC6 -059 -232 114 7-6 -196 -634 242 C6 0.07 -3.29 3.43
c7 -074 -250 102 8-7 034 -4.02 471 C7 040 -294 3.74
c8 -1.04 -28 081 9-8 -223 -6.64 217 C8 -1.89 -524 1.46
c9 -070 -269 129 10-9 -0.03 -441 435 C9 -1.75 -5.02 1.51
c10 024 -2.07 255 11-10 261 -1.73 6.95 C10 1.11 -2.15 4.37
c11 -1.07 -417 203 12-11 -2.05 -6.42 232 C11 -1.07 -4.34 221

T Given contrast.
¥ Point estimator of the confidence interval i.e. mean difference given the contrast.

Supplementary Table 5: Contrasts and estimates to supplementary figure 5. The table shows the numeric values form the simulation.
The C column indicates the contrast, the A the log mean change of the corresponding contrast C. No change point was simulated. A
significant confidence interval does not include zero.

Changepoint Sequen McDermott
95% CI 95% CI 95% CI
ol Al Low  Upp ol Al Low Upp Cf Al Low Upp
c1 1033 724 1341 2-1 -1.82 -6.19 255 C1 -1.82 -6.23 2.58
C2 1236 10.06 14.66 3-2 468 029 9.08 C2 371 -0.12 755
C3 12.08 10.09 14.08 4-3 0.09 -432 450 C3 277 -0.87 6.40
C4 1244 1061 1427 5-4 263 -178 705 C4 474 122 826
C5 1250 10.74 1425 6-5 474 033 9.16 Cb5 851 5.07 11.95
C6 11.76 10.03 1349 7-6 0.04 -435 442 C6 732 396 10.68
C7 1146 9.69 1322 8-7 234 -203 671 C7 842 508 11.76
Cc8 11.06 9.22 1291 9-8 -023 -464 417 C8 712 377 1047
c9 1124 925 1323 10-9 197 -242 635 C9 846 520 11.73
C10 11.81 949 14.12 11-10 461 026 895 C10 11.83 857 15.09
C11 1042 732 1353 12-11 -0.056 -442 432 C11 1042 7.15 13.70

T Given contrast.
 Point estimator of the confidence interval i.e. mean difference given the contrast.
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Supplementary Table 6: Contrasts and estimates to supplementary figure 6. The table shows the numeric values form the simulation.
The C column indicates the contrast, the A the log mean change of the corresponding contrast C. The gray row indicates the predefined
change point(s). A significant confidence interval does not include zero.

Changepoint Sequen McDermott
95% CI 95% CI 95% CI

ct AY  Low Upp Al Low Upp ct At Low Upp
c1 371 062 6.79 -3.82 819 054 C1 -3.82 -823 0.58
C2 6.23 393 8.53 268 -171 707 C2 065 -3.19 4.49
C3 654 454 853 -191 632 250 C3 -144 -5.07 219
Cc4 775 592 959 063 -3.78 505 C4 -047 -398 3.05
C5 894 719 10.70 274 -167 715 CbH 237 -1.07 5.81
C6 941 7.68 11.15 8.04 366 1242 C6 10.07 6.71 13.43
Cr 756 580 9.33 034 -402 471 C7 870 536 12.04
C8 6.21 436 8.06 -2.23 -6.64 217 C8 536 201 871
c9 591 392 79 10-9 -0.03 -441 435 C9 486 1.60 8.12
C10 5.89 357 820 11-10 261 -1.73 694 C10 6.76 3.50 10.01
Cc11 393 083 703 12-11 -205 -642 232 C11 393 0.66 7.21
T Given contrast.
! Point estimator of the confidence interval i.e. mean difference given the contrast.
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Supplementary Table 7: Contrasts and estimates to supplementary figure 7. The table shows the numeric values form the simulation.
The C column indicates the contrast, the A the log mean change of the corresponding contrast C. The gray row indicates the predefined
change point(s). A significant confidence interval does not include zero.

Changepoint Sequen McDermott
95% CI 95% CI 95% CI

ct At Low  Upp ct Al Low Upp ct Al Low  Upp
Cl 934 6.25 1242 -3.82 -819 055 C1 -3.82 -8.23 0.58
C2 1240 10.10 14.70 268 -1.71 708 C2 065 -3.19 449
C3 1325 11.26 15.25 -1.91 -6.32 250 C3 -144 -5.07 219
C4 1520 13.37 17.04 10.63 6.22 1505 C4 953 6.02 13.05
C5 14.01 12.25 15.77 274 -167 715 CbH5 1033 6.89 13.77
C6 1297 11.24 14.70 -1.96 -6.34 242 C6 687 3.51 10.24
C7 1310 11.34 14.86 0.34 -403 471 C7 6.05 271 9.39
C8 1390 12.05 15.74 - 707 336 1217 C8 13.05 9.70 16.40
c9 1292 1093 1491 10-9 -0.03 -442 435 C9 11.87 861 15.14
C10 1187 9.56 14.18 11-10 261 -1.73 695 C10 12.74 9.49 16.00
Cc11 9.23 6.13 1234 12-11 -2.05 -6.42 232 C11 9.23 5.96 12.51
T Given contrast.
 Point estimator of the confidence interval i.e. mean difference given the contrast.
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Supplementary Table 8: Contrasts and estimates to supplementary figure 8. The table shows the numeric values form the simulation.
The C column indicates the contrast, the A the log mean change of the corresponding contrast C. The gray row indicates the predefined
change point(s). A significant confidence interval does not include zero.

Changepoint Sequen McDermott
95% CI 95% CI 95% CI
ct At Low  Upp ct At Low Upp ct At Low  Upp
C1l 1542 1234 18.50 2-1 -3.82 -8.19 0.54 c1l1 -382 -823 0.58
C2 19.08 16.78 21.38 3-2 2.68 -1.71 707 C2 065 -3.19 4.49
C3 2052 18.52 2251 4-3 8.09 3.68 1250 C3 856 493 12.19
C4 1978 1794 2161 5-4 063 -3.78 505 C4 715 3.63 10.66
C5 20.00 18.24 21.76 6-5 274 -167 715 Cb5 843 499 11.87
C6 2021 18.48 21.94 7-6 8.04 366 1242 C6 1525 11.89 18.61
C7 18.68 16.91 20.44 8-7 034 -4.02 471 C7 13.00 9.66 16.34
C8 1829 1644 20.13 9-8 -223 -6.64 217 C8 912 577 1247
C9 1934 1735 2133 10-9 997 559 1435 C9 1829 15.02 21.55
Cc10 1735 15.03 1966 11-10 261 -1.73 694 C10 18.22 14.96 21.48
C11 14.08 10.98 1719 12-11 -2.05 -6.42 232 C11 14.08 10.81 17.36

T Given contrast.
 Point estimator of the confidence interval i.e. mean difference given the contrast.

Supplementary Table 9: Contrasts and estimates to supplementary figure 9. The table shows the numeric values form the simulation.
The C column indicates the contrast, the A the log mean change of the corresponding contrast C. No change point was simulated. A
significant confidence interval does not include zero.

Changepoint Sequen McDermott
95% CI 95% CI 95% CI

ct At Low Upp cf Al Low  Upp ct At Low  Upp
c1 -1477 -178 -11.69 2-1 -582 -10.19 -146 C1 -5.82 -10.23 -1.42
c2 -1292 -1522 -10.62 3-2 0.68 -3.71 507 C2 -242 -6.25 1.42
c3 -13.17 -1516 -11.17 4-3 -391 -832 050 C3 -565 -9.28 -2.02
C4 -12.64 -1447 -1081 5-4 -137 578 3.05 C4 -567 -919 -215
C5 -12.41 -14.17 -1065 6-5 0.74 -367 515 Cb5 -3.77 -7.21 -0.33
c6 -1293 -1467 -1120 7-6 -396 -834 042 C6 -7.19 -10.55 -3.82
cr -1293 -1470 -11.17 8-7 -166 -6.02 271 C7T7 -7.62 -10.96 -4.28
Cc8 -13.14 -1499 -11.29 9-8 -423 -864 017 C8 -10.89 -14.24 -7.54
c9 -12.64 -1463 -1065 10-9 -203 -641 235 C9 -11.97 -1523 -8.71
c10 -11.33 -13.64 -9.02 11-10 061 -3.73 494 C10 -961 -12.87 -6.35
C11 -12.56 -15.67 -9.46 12-11 -4.05 -8.42 032 C11 -12.56 -15.84 -9.29

T Given contrast.
 Point estimator of the confidence interval i.e. mean difference given the contrast.
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Supplementary Table 10: Contrasts and estimates to supplementary figure 10. The table shows the numeric values form the simulation.
The C column indicates the contrast, the A the log mean change of the corresponding contrast C. The gray row indicates the predefined
change point(s). A significant confidence interval does not include zero.

Changepoint Sequen McDermott
95% CI 95% CI 95% CI

ct At Low  Upp ct At Low  Upp ct At Low  Upp
Cl1 -8.16 -11.24 -5.07 2-1 -3.82 -8.19 0.54 c1 -3.82 -8.23 0.58
c2 679 -909 -449 3-2 268 -1.71 707 C2 065 -3.19 449
c3 -762 -962 -563 4-3 -1.91 632 250 C3 -144 -5.07 219
c4 -795 -97 -6.12 5-4 0.63 -3.78 505 C4 -047 -3.98 3.05
c5 -88 -10.61 -710 6-5 274 -167 715 Cb5 237 -1.07 5.81
c6 -10.59 -12.32 -885 7-6 -11.96 -16.34 -758 C6 -9.93 -13.29 -6.57
cr -904 -1080 -727 8-7 0.34 -4.02 471 CT7 -790 -11.24 -4.56
c8 -829 -10.14 -644 9-8 -2.23  -6.64 217 C8 -9.14 -1248 -5.79
c9 -732 -931 -533 10-9 -0.03 -441 435 C9 -837 -11.63 -5.10
c10 -541 -772 -3.09 11-10 2.61 -1.73 694 C10 -454 -7.79 -1.28
c11 -6.07 -9.17  -2.97 12-11 -2.05 -6.42 232 C11 -6.07 -9.34 -2.79

T Given contrast.
! Point estimator of the confidence interval i.e. mean difference given the contrast.

Supplementary Table 11: Contrasts and estimates to supplementary figure 11. The table shows the numeric values form the simulation.
The C column indicates the contrast, the A the log mean change of the corresponding contrast C. The gray row indicates the predefined
change point(s). A significant confidence interval does not include zero.

Changepoint Sequen McDermott
95% CI 95% CI 95% CI

ol Al Low Upp ct Al Low  Upp ct At Low Upp
c1 -13.78 -16.87 -10.70 2-1 -3.82 819 055 C1 -382 -823 0.58
c2 -1297 -1526 -10.67 3-2 268 -1.71 708 C2 0.65 -3.19 4.49
C3 -1434 -16.33 -1235 4-3 -191  -6.32 250 C3 -1.44  -5.07 2.19
C4 -1540 -17.24 -13.57 5-4 -937 -13.78 -495 C4 -1047 -13.98 -6.95
C5 -13.92 -15.68 -12.17 6-5 274 -167 716 Cb5  -559  -9.03 -2.14
C6 -14.15 -15.88 -12.41 7-6 -1.96 -6.35 2.42 C6 -6.74 -10.10 -3.38
C7 -1457 -16.34 -12.81 8-7 034 403 471 C7 -525 -859 -1.91
Cc8 -1597 -17.82 -14.12 9-8 -12.23 -16.64 -783 C8 -16.82 -20.17 -13.47
Cc9 -1433 -16.32 -1234 10-9 -0.03 442 435 C9 -1538 -18.64 -12.12
c10 -11.39 -13.71 -9.08 11-10 2.61 -1.74 695 C10 -10.52 -13.78 -7.27
C11 -11.37 -1447 -827 12-11 -2.05 -6.42 232 C11 -11.37 -14.65 -8.10

T Given contrast.

 Point estimator of the confidence interval i.e. mean difference given the contrast.
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Supplementary Table 12: Contrasts and estimates to supplementary figure 12. The table shows the numeric values form the simulation.
The C column indicates the contrast, the A the log mean change of the corresponding contrast C. The gray row indicates the predefined
change point(s). A significant confidence interval does not include zero.

Changepoint Sequen McDermott
95% CI 95% CI 95% CI

ol Al Low Upp ct Al Low  Upp ct At Low Upp
C1 -19.87 -2295 -16.79 2-1 -3.82 -820 055 C1 -382 -823 0.58
C2 -19.64 -21.94 -1734 3-2 268 -1.71 708 C2 0.65 -3.19 4.49
c3 -21.60 -23.60 -19.61 4-3 -11.91 -16.32 -750 C3 -11.44 -15.07 -7.81
C4 -1998 -21.81 -1814 5-4 063 -3.79 505 C4 -808 -11.60 -4.56
C5 -1991 -21.67 -1815 6-5 274 -167 716 Cb5  -3.69 -7.13 -0.24
c6 -21.39 -2312 -1965 7-6 -11.96 -16.35 -7.58 C6 -15.11 -18.48 -11.75
Cc7 -20.15 -2191 -1839 8-7 0.34 403 471 C7 -1220 -15.54 -8.86
C8 -2036 -22.21 -1851 9-8 -2.23  -6.64 218 C8 -12.89 -16.24 -9.54
c9 -2074 -2273 -1875 10-9 -10.03 -14.42 -565 C9 -21.79 -25.06 -18.53
C10 -16.87 -19.18 -14.56 11-10 2.61 -1.74 695 C10 -16.00 -19.26 -12.74
c11 -16.22 -19.32 -13.12 12-11 -2.05 -6.43 232 C11 -16.22 -19.49 -12.95

T Given contrast.

¥ Point estimator of the confidence interval i.e. mean difference given the contrast.

Supplementary Table 13: Contrasts and estimates to supplementary figure 13. The table shows the numeric values form the simulation.
The C column indicates the contrast, the A the log mean change of the corresponding contrast C. The gray row indicates the predefined
change point(s). A significant confidence interval does not include zero.

Changepoint Sequen McDermott
95% CI 95% CI 95% CI

ct Al Low Upp ct At Low Upp cf Al Low  Upp
Ccl1 -594 -864 -324 2-1 -382 -765 000 C1 -382 -768 0.03
C2 -436 -637 -234 3-2 268 -1.16 653 C2 065 -2.71 4.01
Cc3 498 -6.72 -323 4-3 -191 577 195 C3 -144 -462 1.73
C4 -5.02 -6.62 -341 5-4 -876 -12.62 -490 C4 -986 -12.94 -6.78
C5 -236 -390 -0.82 6-5 0.00 -38 38 Cb5 -7.84 -10.86 -4.83
C6 -0.55 -2.06 0.97 7-6 0.00 -384 384 C6 -6.71 -9.65 -3.77
C7 190 036 3.45 8-7 0.00 -382 382 C7T7 -557 -849 -2.65
C8 426 264 5.88 9-8 828 443 1214 C8 342 049 6.35
c9 413 239 58 10-9 -004 -387 38 C9 308 022 594
C10 437 234 639 11-10 261 -1.20 641 C10 524 239 8.09
c11 259 -0.13 530 12-11 -2.05 -5.88 1.77 C11 2.59 -0.28 5.45

T Given contrast.

I Point estimator of the confidence interval i.e.

mean difference given the contrast.
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Supplementary Table 14: Contrasts and estimates to supplementary figure 14. The table shows the numeric values form the simulation.
The C column indicates the contrast, the A the log mean change of the corresponding contrast C. The gray row indicates the predefined
change point(s). A significant confidence interval does not include zero.

Changepoint Sequen McDermott
95% CI 95% CI 95% CI

ct Al Low Upp At Low Upp ct At Low  Upp
C1l -4.00 -7.08 -0.92 -382 819 055 C1 -382 -823 0.58
Cc2 -223 -452 0.07 268 -1.71 707 C2 065 -3.19 4.49
C3 -2.66 -4.65 -0.67 -191 -6.32 250 C3 -144 -5.07 2.19
C4 -245 -4.28 -0.62 0.63 -3.78 505 C4 -047 -398 3.05
Ch5 -2.62 -437 -0.86 -7.26 -11.67 -2.85 C5 -7.63 -11.07 -4.19
c6 -0.89 -2.62 0.84 -1.96 -6.34 2.42 C6 -849 -11.85 -5.13
C7 216 040 3.92 10.34 598 1471 C7 330 -0.04 6.64
c8 149 -035 3.34 -2.23 664 217 C8 0.65 -270 4.00
c9 161 -038 360 10-9 -003 -441 435 C9 056 -2.71 3.82
c10 221 -010 452 11-10 261 -1.73 695 C10 3.08 -0.17 6.34
C1l1 0.68 -242 378 12-11 -2.05 -6.42 232 C11 0.68 -2.60 3.95
T Given contrast.
! Point estimator of the confidence interval i.e. mean difference given the contrast.
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4 Analysis in R

An general tutorial on linear mixed models using contrasts in R can be found Schad et al. (2020) [2]. Also Bretz et al.
(2011) [3] and Hothorn et al. (2008) [4] deliver the theoretical background in the context of multiple testing. If the code
section is hard to read or you want a direct copy, please also refer to the GitHub repository for direct access to the R code:

https://github.com/msieg08/clustered data changepoint detection

pacman: :p_load (MASS, plyr, magrittr, knitr, tidyverse, simstudy,
multcomp, lmed4, effects, pals, ggpubr, broom)

#### Functions ####
##’ generate expression data per timepoint

generate_timepoint <- function(i, intercept = 50, ngen = 3){

# generate mothers, mother effect and respective number of pups per timepoint

gen.mother <- defData(varname = "mother", dist = "normal", formula = O,
variance = 5, id = "idMother")
gen.mother <- defData(gen.mother, varname = "nPups", dist = "noZeroPoisson",

formula = 10)
dtMother <- genData(ngen, gen.mother)

# generate expression data for all pups at timepoint with

dtPups <- genCluster (dtMother, cLevelVar = "idMother", numIndsVar = "nPups",
levellID = "idPups")

gen.pup <- defDataAdd(varname = "gender", dist = "binary",
formula = 0.5)

gen.pup <- defDataAdd(gen.pup, varname = "expression", dist = "normal",
formula = str_c(intercept, " + mother"),

variance = 2)
dtMice <- addColumns(gen.pup, dtPups) %>% as_tibble()
# set intercept of zero to have no variance; all expression values to zero

if (intercept == 0){

dtMice$expression <- 0

# clean data set
dtMice <- dtMice %>%
select(expression, idMother, gender, group_id = idPups, efMother = mother) %>%

mutate (idMother = (idMother + ngen*i - ngen), timepoint = i)

return(dtMice)
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Code for figure (3) and table (3)

#### Analysis ####
fileName = "time_course_example_"

example_intercepts <- c(rep(25, 6), rep(35, 6))

# generate expression data for all timepoints in this scenario

set.seed(1308)

1sMice <- 1lply(l:length(example_intercepts), function(i)
generate_timepoint (i, example_intercepts[i], ngen = 3))

dtMice <- bind_rows(lsMice) %>%

mutate(timepoint = as.factor(timepoint), idMother = as.factor(idMother))

## linear mixed-effects model with mean parametrization

lmer_fit <- lmer(expression ~ O + timepoint + (1 | idMother), dtMice)

#generalized linear hypothesis testing correction with Changepoint
changepoint_contrast <- contrMat(n = as.numeric(table(dtMice$timepoint)),

type = "Changepoint")

glht_fitCP <- glht(lmer_fit, linfct = changepoint_contrast)

# multiple testing correction for Sequen (neigbhor comparison (-1,1))
sequen_contrast <- contrMat(n = as.numeric(table(dtMice$timepoint)),

type = "Sequen")
glht_£fitS <- glht(lmer_fit, linfct = sequen_contrast)

# multiple testing correction for McDermott
mcdermott_contrast <- contrMat(n = as.numeric(table(dtMice$timepoint)),

type = "McDermott")

glht_fitMD <- glht(lmer_fit, linfct = mcdermott_contrast)

cp_df <- glht_fitCP %>% confint() %>% tidy()
md_df <- glht_fitMD %>% confint() %>% tidy()
seq_df <- glht_fitS %>% confint() %>% tidy()

conf_int_df <- bind_cols(cp_df, seq_df, md_df)
names (conf_int_df) <- cross2(colnames(cp_df), c("cp", "seq", "md")) \%>\%

map_chr (paste, sep =

conf_int_df

, collapse = ".")
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#### Visualization####
# simulated data
po1l <-
ggplot(dtMice) +
geom_jitter(mapping = aes(x = timepoint, y = expression, colour = idMother),
width = 0.2, size=2.5) +
scale_colour_manual (values = unname(polychrome(36))) +
labs(y = "Gene Expression Activity", x = "Time", title = "Short Time Series") +

theme_bw() + theme(legend.position = "none", text = element_text(size=20))

# generalized linear hypothesis testing with Changepoint contrast matrix
cp <- confint(glht_£fitCP) \/>\%
tidy \%>\%
ggplot (aes(x=reorder (fct_inorder(contrast), desc(fct_inorder(contrast))), y=estimate)) +
geom_hline(yintercept=0, linetype="11", colour="grey60") +
geom_segment (aes (xend=reorder (fct_inorder(contrast), desc(fct_inorder(contrast))),
y=conf.low, yend=conf.high), size=0.4,
arrow=arrow(ends="both", length=unit(0.09, "inches"), angle=70)) +
geom_point() +
geom_hline(yintercept = ¢(-10,10), color = "blue", linetype = "dotted") +
coord_flip() +
theme_bw() +
labs(y = "Estimate", x = "", title = "95\} family-wise confidence level\n(with contrast Changepoint)")

# generalized linear hypothesis testing with Sequen contrast matrix
sequen <- confint(glht_fitS) ¥%>%
tidy %>%
ggplot (aes(x=reorder (fct_inorder(contrast), desc(fct_inorder(contrast))), y=estimate)) +
geom_hline(yintercept=0, linetype="11", colour="grey60") +
geom_segment (aes (xend=reorder (fct_inorder (contrast), desc(fct_inorder(contrast))), y=conf.low, yend=conf.hig
arrow=arrow(ends="both", length=unit(0.09, "inches"), angle=70)) +
geom_point() +
coord_flip() +
geom_hline(yintercept = ¢(-10,10), color = "blue", linetype = "dotted") +
theme_bw() +

labs(y = "Estimate", x = "", title = "95% family-wise confidence level\n(with contrast Sequen)")

# generalized linear hypothesis testing with McDermott contrast matrix
mcd <- confint(glht_fitMD) %>%
tidy %%
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ggplot (aes(x=reorder (fct_inorder(contrast), desc(fct_inorder(contrast))), y=estimate)) +

geom_hline(yintercept=0, linetype="11", colour="grey60") +

geom_segment (aes (xend=reorder (fct_inorder (contrast), desc(fct_inorder(contrast))), y=conf.low, yend=conf.hig
arrow=arrow(ends="both", length=unit(0.09, "inches"), angle=70)) +

geom_point() +

coord_flip() +

geom_hline(yintercept = ¢(-10,10), color = "blue", linetype = "dotted") +

theme_bw() +

labs(y = "Estimate", x = "", title = "95% family-wise confidence level\n(with contrast McDermott)")

model_pl <- ggarrange(pOl, cp, sequen, mcd,
ncol=2, nrow=2, legend="none",
labels = c("a)", "bB)", "c)", "d)"))
model_pl
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5 Effect of the litter variance

3 Historical Data
401 Variance: 2
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Supplementary Figure 15:
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Effect of different litter variance on the course of the confidence intervals. Figure row a) shows

historical data with a variance of 2, figure row b) a variance of 6, and figure row ¢) a variance of 10. As can be seen, the different
variants have no influence on the course of the Sequen and McDermott.
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Supplementary Figure 16: Effect of different litter variance on the course of the confidence intervals. Figure row a) shows
historical data with a variance of 2, figure row b) a variance of 6, and figure row ¢) a variance of 10. As can be seen, the different
variants have no influence on the course of the Sequen and McDermott.
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