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Fig. 2 Scatter plots involving the second gene’s through fifth

gene’s singular value vectors. xℓ1,i1 , 2 ≤ ℓ1 ≤ 5, of

1,000 genes (1 ≤ i1 ≤ 1, 000) that belong to one of the

10 gene sets. These 10 gene sets are represented by dis-

tinct combinations of colors and symbols. The 29,000

genes not included in any of the 10 gene sets are omitted

for clarity.
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Fig. 3 Performance of synthetic data (averaged over 100 tri-

als). BH: Benjamini-Hochberg, FDR: false discovery

rate. Red curves: true positive rates, black curves: false

positive rates, solid curves: P = 0.01, dashed curves:

P = 0.05, dotted curves: P = 0.1, blue dash-and-dot

curves: area under the curve (AUC).

¯ 1 Âï¹çür�;Mh£s`¶6t��!:¬Rp¬R^�

h¨; ¢ 4Y^�h P �U 0.1 �<£ Uiw¨; ¬ç�

Ó¢ æ£ q«åµ»�AL¢ »£ wÊ�ù�dprw�Otü

Í`oM�T�_h{ � � | � � � xwCq`oMsM¨; 

x¨; ¬ç�Ó  pK� z «åµ»�  t�X ü¨^�

oM� {

Table 1 Clustering of genes identified by TD-based unsuper-

vised FE for synthetic data (adjusted P -values less

than 0.1). Rows: gene sets (the first to the tenth are

the gene sets to which the first 1,000 genes are likely

to belong, and the 11th is the gene set to which the

remaining 29,000 genes are likely to belong), columns:

clustering

Mclust

1 2 3 4 5 6 7 8 9 10 11

1 80 0 0 0 0 0 0 0 0 0 5

2 0 71 0 0 0 0 0 0 0 0 5

3 0 0 90 0 0 0 0 0 0 0 1

4 0 0 0 65 0 0 0 0 0 0 1

5 0 0 0 0 69 0 0 0 0 0 2

6 0 0 0 0 0 00 0 0 0 0 16

7 0 0 0 0 0 66 0 0 0 0 2

8 0 0 0 0 0 0 66 0 0 0 5

9 0 0 0 0 0 0 0 77 0 0 4

10 0 0 0 0 0 0 0 0 74 0 3

11 0 0 0 0 0 0 0 0 0 81 11

Ward

1 2 3 4 5 6 7 8 9 10 11

1 81 0 0 0 0 0 0 0 0 0 5

2 0 71 0 0 0 0 0 0 0 0 4

3 0 0 90 0 0 0 0 0 0 0 3

4 0 0 0 65 0 0 0 0 0 0 1

5 0 0 0 0 69 0 0 0 0 0 8

6 0 0 0 0 0 66 0 0 0 0 4

7 0 0 0 0 0 0 66 0 0 0 8

8 0 0 0 0 0 0 0 77 0 0 5

9 0 0 0 0 0 0 0 0 64 0 4

10 0 0 0 0 0 0 0 0 0 35 3

11 0 0 0 0 0 0 0 0 0 46 10
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Table 2 Confusion matrix of synthetic data using categorical regression. Bold numbers

are true positives.

 � îgÚE·  � ±ïÓçq�s`hÔù, AUC=0.94

adjusted P -values P < 0.01 P > 0.01 P < 0.05 P > 0.05 P < 0.1 P > 0.1

i ≤ 1000 2 998 16 984 77 923

i > 1000 0 29000 0 29000 7 28993

 � �+·  � ±ïÓçq�s`hÔù , AUC=0.58

adjusted P -values P < 0.01 P > 0.01 P < 0.05 P > 0.05 P < 0.1 P > 0.1

i ≤ 1000 0 1000 0 1000 0 1000

i > 1000 0 29000 0 29000 0 29000
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¯ 3 SAMwAL{ p0 x<Á>�Âùz FDR x4Y P �tìp{ Called x<Á>�t�p

`sM¨; w:{ �EQ«w:w84�x False × FDR × p0{

Table 3 Results by SAM. p0 is the ratio of the null hypothesis, and FDR corresponds

to the adjusted P -values. Called is the number of genes that break the null

hypothesis. Expected number of false positives is False × FDR × p0.

 � îgÚE·  � ±ïÓçq�s`hÔù , AUC=0.94

Delta p0 False Called FDR

1 0.1 0.974 365.47 799 0.44560

2 0.2 0.974 38.59 196 0.19180

3 0.3 0.974 2.59 34 0.07421

4 0.4 0.974 0.02 3 0.00649

5 0.5 0.974 0.02 3 0.00649

6 0.6 0.974 0 2 0

7 0.7 0.974 0 0 0

8 0.8 0.974 0 0 0

9 0.9 0.974 0 0 0

10 1.0 0.974 0 0 0

 � �+·  � ±ïÓçq�s`hÔùz AUC=0.58

Delta p0 False Called FDR

1 0.1 1 0 0 0

2 0.1 1 0 0 0

3 0.1 1 0 0 0

4 0.1 1 0 0 0

5 0.1 1 0 0 0

6 0.1 1 0 0 0

7 0.1 1 0 0 0

8 0.1 1 0 0 0

9 0.1 1 0 0 0

10 0.1 1 0 0 0

¯ 4 limma ��lhÔùw��æ»{  ÈU�EQ«w:

Table 4 Confusion matrix of synthetic data using limma. Bold numbers are true posi-

tives.

 � îgÚE·  � ±ïÓç, AUC=0.99

adjusted P -values P < 0.01 P > 0.01 P < 0.05 P > 0.05 P < 0.1 P > 0.1

i ≤ 1000 2 998 10 984 82 923

i > 1000 0 29000 0 29000 0 29000

 � �+·  � ±ïÓçq�s`hÔù, AUC=0.99

adjusted P -values P < 0.01 P > 0.01 P < 0.05 P > 0.05 P < 0.1 P > 0.1

i ≤ 1000 0 1000 0 1000 0 1000

i > 1000 0 29000 0 29000 0 29000

¯ 6 �0�wGVMÍ�w G(ℓ1 = 2, ℓ2 = 4, ℓ3, ℓ4, ℓ5) { 1

Table 6 Top-ranked G(ℓ1 = 2, ℓ2 = 4, ℓ3, ℓ4, ℓ5) with greater

absolute values.

ℓ3 ℓ4 ℓ5 G(2, 4, ℓ3, ℓ4, ℓ5)

1 1 11 -35.0

1 1 1 -30.8

2 2 1 -30.3

2 3 4 -30.0

2 3 1 28.7

2 2 4 28.5

îgÚEprw¨; UOg.z ��z ú�p�Ìt�×

Cq`oM�T���\qUpV� { ¯ 6tK��Otz
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tK��Ot� � �¨w�+qîgÚEwÊ�ù�dwO

jz  � wÊ�ù�dp��)UK�qMO\qU�Tl

h{ \w\qT� z Âï¹çür�;Mh£s`¶6t

¯ 7 � �  Óé�ÒwCqU�°�qâ^�p��t)UK�

� �¨w�+qîgÚEwÊ�d{

Table 7 Thirteen combinations of tissues and experimental

conditions where the selected 801 probes are differ-

entially expressed between stress-exposed and control

samples.

µÄ èµ8� 10 Ô 5 Ô

s�8� 24 Ì� 6 ? � � Ì�  } � ?

Og. © ©

�� © © ©

º�²�²}í ©

ú� © ©

Rô © ©

n� © © ©

��!:¬Rx\w7sóvsîgÚEq�+wÊ�ù�

dw¤T��°�qâ^�p)UK�¨; w·¿ Ä �¨

Zb�qMOâ^���×�$tîæpV�ó�UK�\

qU�Tlh{

7�t§Â°æ§çs<t��!:¬Rz SAMz limma

�;Mo mRNA ÓéÑ�  çp¨; ¬R�ælhAL

�Ôb¢ ¯ 8z ¯ 9z ¯ 10£{ ITM�Ìx²tb�Uz ¶

`$t�×t�:xw¨; UUZ^�o`�loM� {
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w±ïÓç:{ h

xÌ�z w x?{

Table 5 Samples used in this study. Numbers before/after comma are control/treated

samples. h: hours, w: weeks.

µÄ èµ8�¢ o�� Ô£ 5 10 5 10

s�8� 24h 1.5 w 24h 6w 24h 1.5 w 24h 6w

Og. 3,2 5,4 3,4 3,4 �� 3,5 4,5 5,4 4,5

º�²�²}í 4,5 5,5 3,4 4,4 ¤´© 3,2 2,3 3,3 3,3

¢Ú. 5,5 5,5 5,4 4,4 ò�¢Ú. 5,5 5,5 3,4 5,4

B÷ 5,5 5,5 4,5 4,5 ú� 5,5 4,5 5,5 5,5

Rô 5,5 4,5 5,5 5,5 n� 5,5 5,5 5,4 5,5
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$ 4 !:¬Rt�;^�h���Õ«Ä ç{¢ A£ �°��â^�

wH� ���Õ«Ä çz xℓ1=2,j1 .{ j1 x q � U¤� z �°

�qâ^�t0 {¢ B£ H� �+���Õ«Ä çz xℓ2=4,j2{

j2 U | � | � | � |  � U¤� z Og.z ��z ú�z Rôz

f`on�t0 {

Fig. 4 Singular value vectors employed. (A) The second

control-related or treatment-related singular value vec-

tor, xℓ1=2,j1 . Control: j1 = 1, and treatment (stress):

j1 = 2. (B) The fourth tissue singular value vector,

xℓ2=4,j2 , AY: j2 = 1, HC: j2 = 2, heart: j2 = 8, hemi-

brain: j2 = 9, and spleen: j2 = 10.
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