Supplementary Figures
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Supplementary Figure 1. Classification performance (AUROC) by studies. Abbreviations: ACD - atherosclerotic cardiovascular disease; BMI30 - body mass index > 30; CRC - colorectal cancer; IBD - inflammatory bowel disease; STH - soil-transmitted helminths; T2D - type 2 diabetes
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Supplementary Figure 2. a - Classification performance (AUROC and precision) in the within-study setting for every data transformation and algorithm for the rarefied data. b - Statistical analysis results between the used data transformations for rarefied data (Wilcoxon signed-rank paired test) for elastic net (ENET), random forest (RF) and extreme gradient boosting (XGB); Values and colors correspond to the differences in AUROC between Transformation 2 and Transformation 1; * indicates a nominally statistically significant difference in AUROC (Wilcoxon signed-rank test, p-value ≤ 0.05), ** indicates a  statistically significant difference in AUROC after correction (Wilcoxon signed-rank test, FDR ≤ 0.05). Abbreviations: ENET - elastic net logistic regression; RF - random forest; XGB - extreme gradient boosting, XGBoost; PA - presence-absence; TSS - total-sum scaling; logTSS - logarithm of TSS; aSIN - arcsine square root; CLR - centered log-ratio; rCLR - robust CLR; ALR - additive log-ratio; ILR - isometric log-ratio. 
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Supplementary Figure 3. Classification performance (AUROC) by studies on rarefied data. Abbreviations: ACD - atherosclerotic cardiovascular disease; BMI30 - body mass index > 30; CRC - colorectal cancer; IBD - inflammatory bowel disease; STH - soil-transmitted helminths; T2D - type 2 diabetes
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Supplementary Figure 4. Classifier performance dependence on the data transformation and data dimensionality (feature filtering based on the prevalence of the taxa). Colors represent data transformation.
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Supplementary Figure 5. Mean absolute SHAP values distribution for top 50 features across all datasets plotted separately for each transformation.
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Supplementary Figure 6. Overlap in the most significant predictors (top 25 predictors by SHAP values) between the algorithm-data transformation combinations. 
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Supplementary Figure 7. Differences in the feature importance profiles between and within different studies and data transformations measured by Euclidean distance. P-values correspond to the unpaired t-test. 
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Supplementary Figure 8. Correlation between the mean absolute SHAP values and taxa prevalence/mean relative abundance. Abbreviations: ACD - atherosclerotic cardiovascular disease; BMI - body mass index; CRC - colorectal cancer; IBD - inflammatory bowel disease; STH - soil-transmitted helminths; T2D - type 2 diabetes
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Supplementary Figure  9. Mean differences in SHAP values across all datasets between PA and TSS for elastic net logistic regression (ENET). Top 100 taxa according to the absolute mean difference in SHAP values are shown. Taxa with the largest absolute mean difference in SHAP values between PA and TSS are further highlighted (z-score >= 3). Red barplots indicate the relative abundance of these taxa in percentages. 
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Supplementary Figure  10. Mean differences in SHAP values across all datasets between PA and TSS for random forest (RF). Top 100 taxa according to the absolute mean difference in SHAP values are shown. Taxa with the largest absolute mean difference in SHAP values between PA and TSS are further highlighted (z-score >= 3). Red barplots indicate the relative abundance of these taxa in percentages. 
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Supplementary Figure 11. Mean differences in SHAP values across all datasets between PA and TSS for XGBoost. Top 100 taxa according to the absolute mean difference in SHAP values are shown. Taxa with the largest absolute mean difference in SHAP values between PA and TSS are further highlighted (z-score >= 3). Red barplots indicate the relative abundance of these taxa in percentages. 
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Supplementary Figure 12. Distribution of classifier performance for antibiotics consumption in the Estonian Microbiome cohort in respect to the number of different reference elements used for averaging for the additive log-ratio (ALR) transformation.
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ENET - differences in SHAP values between PA and TSS
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XGB - differences in SHAP values between PA and TSS

Eubacte!

s__Roseb

s L ARKeFmansia_muciniphila

—
_ Bifidobact e IGNgU
1
e More important in PA

| CoprocoGeus eomies .

| Blautialwexlerae .
S s Methanobrevibacter_smithii

s__Firmicutes_b: | X i

57Veillonj

_indistinctus

||‘l|ﬂ|||

s__Bilophila_wadsworthia

s_synergisti

More important in TSS

||||||m|\|||\‘

)
>
<
35
°
@
c
@
Q
5]

-0.002 0.000 0.002
Average difference in SHAP values (PA-TSS)

0 2 4 6
Relative
abundance (%)




image12.png
0.650

0.645

Mean AUROC

0.640

0.635

LASSO

RF XGB
0.66
. 0.69
| 060 I %**“ﬁ—.oes I “++++L_
i [
1T R
- 0.64 0.67 S
0.63 066" °
12345678 91011121314151617181920

12345678 91011121314151617181920
Number of different reference elements for averaging

2345678 91011121314151617181920





image1.png
AUROC

1.00
0.75
0.50
0.25
0.00

1.00
0.75
0.50
0.25
0.00

07

06

05

0.8

0.6

044

0.8

07

0.6

0.

E3

06

08

0.

EY

04

AsnicarF_2021

EstMB_AB90_2022

EstMB_BMI30_2022

ZeIIerG 20

ZhuF_2020

O O O 0 0 1.00 - 0 Og 1.00 e ee e 0g 0 Oy
- - O g 0.75 o
0.50 i 3 0.50 ! ” I m '
. . . g 0.25 o e 025 : 1 s
o eoe oo loe lee o 'ee o 0.00 . ee o PYR'Y se o 0.00 . o e e
& 3 3 z =t = 1 1 3 3 z = = % 1 g 3 3 z o 1 1 1
F =3 2 ) o < = = =3 2 ) o < = = =3 @ 5} o < =
g b g - g b
EstMB, Depressmn 2022 EstMB_T2D_2022 JieZ_2017
O s e e e 1.00 0 . s e 09
hd ? ? . % 075 ) L)
o ° ° - 08 .
L"' H’ v 3 0.50 . .
° 3 . .
R to lge o 3+ 0.25 H} 0.7
HEY . ’ ! s
T} . .o . .o . .o eee 000 + : . .o .o .0 0.6 L L L
& 3 3 Z = = % 1 & 3 3 Z 5 = 1 1 g 3 3 z o 1 % 1
4 2 2 5} 5] 2 = 2 2 2 o o - = & =S ? 2 o < -
° o o
LeChatelierE_2013 LifeLinesDeep_2016 LiJ_2014
i 1.00 - 1.00 g O v e O
¢ " * IR H 0 075 075
.
1 0.50 0.50 I —
° H 0.25 0.25 ° .
. i . ! . s ¢ . s
| 0.00 . e oo o . o 000 o oo loe 'eoe o o oo lee o
£ 1 1%} z 14 4 4 o £ 1 0 z 4 4 o £ 0 0 z 4 4 4 o
2 2 [ 5 5] 2 = 2 2 [ 5] = 2 2 [ 3] 5] ES =
g - 8 = g =
LiJ_2017 NagySzakaID 2017 NielsenHB_2014
1.0 1.0 - O
bbby WECEL Slatalalul Ll
0.6
m * 06 : : ‘ I
) 04
— : ° 04
0 z x o o o < 7] z 4 < 7] 7] z 4 4 o o
Q 2 ] 5 5] 2 = & ﬂ 2 2 5] d #( g & 2 2 [ 5] 5] 2 =
g ® = El ® 2 3 2 Q
QinJ_2012 QinN_2014 RubelMA_2020
1.0 = . = 0 0K
0.9
00 Bal b ey Rid == hy
. . s .3 o8
* 08 . . : 07 .
.
07 ° 06 .
1 06— U
g 3 2 Z % = 1 £ 2 2 Z % 1 % 5 £ 2 2 Z 1 1 1 1
P e 2 3 3 = = 22 & 3 3 2 = B 8 8 3 2 2
o k] o

WirbelJ_2018

O
* .! 06 * *
. 0.6
04
I % % g 3 2 5 £ @ 8 g ¢ 3 2 = £ g ¢ 7 3 3 2 %
VogtmannE_2016 YachidaS_2019 YudJ_2015
08 1.0
# N #ﬁ S LIy 1™
05 T e * . |
(2} z [1'd < [} (23 z ['q ['4 ['4 [ < [} 123 =z [i4
£ ﬁ 2 2 o o < = = 2 2 2 o o 2 = = 2 2 2 3] o é &1
9 o o

ES ENET E3 RF B3 XGB




image2.png
a AUROC Precision
0.9 ’
0.75
0.8] F
8
F07
3 0.501
=< .
0.6 . .
B8 ENET
0.25 . . B RF
0.5] B XGB
" PA  TSS IlogTSS aSIN rCLR CLR ALR ILR PA T3S logTSS asSIN rCLR CLR ALR IR

b ENET RF XGB
|

LR - 0.005 .-.- - -0.009 -0.009 -0.009 0 -0.006 -0.006 -0.013 -0.015 -0.016 -0.016 -0.002 -0.015 -0.012

N ALR{ -0.013 - 0.003 - -0.002 -0.016** -0.003 -0.003 -0.003* 0.006 [ 0.006 -0.001 -0.003 -0.003* -0.004 - -0.003 -
c
9
E CLR{ -0.01 - 0.006 - 0.002 - -0.016 -0.003 -0.003 -0.003 0.006 0 0.006 0.002 0 -0.001 -0.001 - 0.003 -
£
=
H%rCLR - - -0.009 -0.009 -0.009 -0.006 -0.006 0 -0.011 -0.013 -0.013 -0.014 -0.013 -0.01 0.002
s
|:65|N . -0.014 0 () - 0.003  0.003* - 0.003  0.001  0.001 - 0.001  0.004
logTSS -0.006 -0.003 -0.013 0 - 0.003  0.003 . 0.003  0.001 -0.001 . 0.001  0.003*
TSS - -0.005 -0.014* 0 - 0.003 0.003 . 0.002 -0.001 -0.001 - [ 0.003 -
7 -_- --_- e I - i -
PA TSS IogTSS aSIN rCLR CLR ALR PA TSS logTSS aSIN rCLR CLR ALR TSS logTSS aSIN rCLR CLR ALR ILR

Transformation 1

A AUROC
(Trans2-Trans1) - -

0.05 0.00 -0.05





image3.png
AUROC

1.00
0.75
0.50
0.25
0.00

1.00
0.75
0.50
0.25
0.00

07

0.6

05

08

0.6

04

08

07

06

05

0.

@

0.6

09
0.8
07
0.6
05
0.4

AsnicarF_2021 EstMB ABQO 2022 EstMB BMISO 2022
O O . 1.00 - 1.00 O O
0.75 0.75
ﬂ* - L
r‘ r r H * 050 * 0.50 1 * F
. H . . H
. . s 0.25 0.25
. . . .t 000 o o oo .o cee 0.00 oo .o
& g g = 5 5 5 g F s 5z & & % 5 5§ £ ¢ R
= =3 9 ] o < = ] =3 a ] o < = ] =3 % Q 3 < =
EstMB, Depressmn 2022 EstMB_T2D_2022 JieZ_2017
O . 1.00 g OQ 0o
> 0.75
0.8
0.50
rrkFTT.F il
H . $ I e . : 07 !
+ eee oo .o se e 0.00 ) . : o o . b . 06 ! . !
& 3 8 z = sk £ 8 g = £ = 5 £ 3 8 z & = 5 I
4 % a [} 5] < = 2 =3 a 5] o = = = 2 5] o < =
LeChatelierE_2013 LifeLinesDeep_2016 LiJ_2014
1.00 g 1.00 g
H H H 0.75 0.75 .
o
* * 0.50 0.50 h T
e 025 025 o ee oo eg e
| 0.00 . ee oo o e 000 se ee ee oo . .o
£ 4 4 £ T ¥ § 3 £ 6 g £ % g £ 3 N
= =3 a 5] o < = = = a 5} = = ] 5} o < =
Ei 8
LiJ_2017 NagySzakaID 2017 NielsenHB_2014
1.0 1.0 ve .
s +* 038 * 0.8
]
06 3 06 . H
. . * .
hd 0.4 l 0.4
i 3 3 z & ERE: § g g z £ £ £ £ £ 3 g z & &5 5 g
= =3 2 [s) 5] < = = =3 2 [} o < - = =4 ? e © < -
ki K K
QinJ_2012 QinN_2014 RubelMA_2020
1.0 1.0{®
% find pdadul dudn PRl P TL
RN . e . . 08
* 08 . — 07 o H o
o7 ° 06 ¢ . *
i g & =z £ £ £ £ i g ¢ = £ £ £ £ £ g3 g = & &8 3 g
P e 2 3 3 = = 22 & 3 3 2 = B 8 8 3 2 2
ZeIIerG 2014 ZhuF_2020 WirbelJ_2018
09 1.00
08
## mﬂﬁﬂﬂﬁﬁﬁﬁ
07 * 0.50 . .
06 0.25
. 05 0.00 -
% z = g i 3 3 = = £ g @ 2z & & 5 g
e 'S ? Q 3 - = 5 ? L E - = 5 ? Q © < B
VogtmannE_: 2016 YachidaS_2019 YudJ_2015
O 08 e
¥ o '
H - ‘ w . + H ﬁ
* 05 1 ¢
g z ¥ ¥ £ £ E§ 5§ § z ¥ ¥ £ £ § 5 § £ & & £ &
° ) ? Q o < - = ) ? Q © < - = S5 @ Q © < B
8 g g

ES ENET E3 RF B3 XGB




image4.png
@® PA

" logTSS
@ aSIN
@ CLR
“© CLR
@® ALR
@ ILR

® TSS

XGB

0.70

0.65

0.60

0.55

0.50

RF

0.75

0.70

0.65

0.60

0.55

ENET

0.75

0.70

0.65

0.60

0.55




image5.png
SHAP value

PA TSS logTSS aSIN rCLR CLR ALR

0.06

Pe——
-

13N3

o
2
3

o
=
3

0.00

Els]

dor e

i
0.03 % ‘Q§
1 1

25 50 75 1000 25 50 75 1000 25 50 75 1000 25 50 75
Feature rank by SHAP values

a9Xx





image6.png
RF

TSS

rCLR

aSIN

PA

CLR

logTSS

ALR

ENET vs RF

44.7

32.6

45.0

52.2

43.8

44.8

44.3

48.3

36

48.7

52

46.6

48.5

47.6

45.1

32.9

45.3

49.1

49.7

45.1

44.9

39.6

30.2

40.1

60.1

40.5

40.1

39.5

44.7

37.5

45.5

325

40.7

45.3

42.8

4.7

51.8

41.5

29.1

371

42.0

39.3

38.6

36.1

394

222

33.7

39.8

36.1

ALR

logTSS

CLR

PA
ENET

aSIN

rCLR

TSS

TSSH

rCLR+

aSIN+

XGB

CLRA

logTSS+

ALRA

PA-

ENET vs XGB XGB vs RF
421 459 420 352 447 401 36.1 7SS 59.0 164.1 60.3 | 36.1 |64 | 51.0 |64.1
301 339 316 243 382 (451 346 rCLR: 49.9 521 491 295 525 [56.3 52.1
421 453 424 344 434 413 36.1 aSIN-| 58.5 163:81( 60.5 | 36.3 |63.0 | 50.0 | 634
467 474 407 510 306 259 207 | PA| 387 394 504 527 394 253 396
516 [55.0 52 457 447 417 327 CLR{ 483 51.2 60.7| 36.1 514 394 518
433 47.0 438 354 426 419 354 logTss+[ 68.1 163:2" 60.1  35.2 [62.2 50.0 [626
432 4655 426 353 409 405 336 ALR-| 57.8 59.3 57.2 | 36.6 | 58.6 48.6 594
ALR logTSS CLR PA aSIN rCLR TSS ALR logTSS CLR PA aSIN rCLR TSS
ENET XGB
Percentage of overlapping features 5, o 50 6o





