Supplementary Table 1. Differentially expressed genes (DEGs) between Tmem106b-/-
and Tmem106b+/+ animals.

Gene_ID Symbol Chr Stepup p-value Fold-Change
ENSMUSG00000029571 Tmem106b chr6 2.03E-23 -3.12039
ENSMUSG00000034714 Ttyh2 chrll 2.75E-07 -1.1537
ENSMUSG00000033579 Fa2h chr8 2.75E-07 -1.30621
ENSMUSG00000037625 Cldnl11 chr3 7.92E-07 -1.21051
ENSMUSG00000027375 Mal chr2 1.31E-05 -1.23669
ENSMUSG00000028412 Slc44al chr4 1.74E-05 -1.08721
ENSMUSG00000038668 Lparl chr4 4.07E-05 -1.26056
ENSMUSG00000006782 Cnp chrll 4.90E-05 -1.2202
ENSMUSG00000026830 Ermn chr2 4.98E-05 -1.24287
ENSMUSG00000006403 Adamts4 chrl 7.42E-05 -1.23671
ENSMUSG00000032854 Ugt8a chr3 0.000135807 -1.31187
ENSMUSG00000041828 Abca8a chrll 0.000155299 -1.25286
ENSMUSG00000037280 Galnt6 chrl5 0.000231061 -1.21704
ENSMUSGO00000036777 Anin chr9 0.00030604 -1.25418
ENSMUSG00000020023 Tmcc3 chrl0 0.000338856 -1.18704
ENSMUSG00000031385 PIxnb3 chrX 0.000338856 -1.18882
ENSMUSG00000039904 Gpr37 chr6 0.000363117 -1.20615
ENSMUSG00000038173 Enpp6 chr8 0.000428456 -1.34278
ENSMUSG00000032625 Thsd7a chr6 0.000602581 -1.15041
ENSMUSG00000000149 Gnal2 chrb 0.000657287 -1.1501
ENSMUSG00000041062 Msinl chrl7 0.000657287 1.97176
ENSMUSG00000076439 Mog chrl7 0.000657287 -1.15332
ENSMUSG00000005125 Ndrgl chrl5 0.00069827 -1.15117
ENSMUSG00000020758 ltgh4 chrll 0.000724265 -1.19869
ENSMUSG00000022472 Desil chrl5 0.00109528 -1.08816
ENSMUSG00000033904 Ccpl10 chr7 0.00143325 -1.0887
ENSMUSG00000026519 Tmem63a chrl 0.00151268 -1.19769
ENSMUSG00000049721 Gal3stl chrll 0.00151268 -1.20775
ENSMUSG00000050121 Opalin chrl9 0.00211334 -1.40524
ENSMUSG00000024812 Tjp2 chrl9 0.00211334 -1.15108
ENSMUSG00000033006 Sox10 chrl5 0.00217224 -1.2651
ENSMUSG00000022500 Litaf chrl6 0.00217224 -1.21825
ENSMUSG00000001729 Aktl chrl2 0.0023424 -1.03975
ENSMUSG00000032554 Trf chr9 0.0023424 -1.17954
ENSMUSG00000041895 Wipil chrll 0.00265916 -1.12021
ENSMUSG00000028917 Plekhm2 chr4 0.00265916 -1.0802
ENSMUSG00000033949 Trim36 chrl8 0.00265916 -1.19757
ENSMUSG00000019820 uUtrn chrl0 0.00416357 -1.08329
ENSMUSG00000046160 Oligl chrl6 0.00418629 -1.18584
ENSMUSG00000027562 Car2 chr3 0.00418629 -1.15592
ENSMUSG00000036907 C1ql2 chrl 0.00418629 -1.24378
ENSMUSG00000035441 Myold chrll 0.00418629 -1.17974
ENSMUSG00000056966 Gjc3 chr5 0.00432233 -1.1296
ENSMUSG00000036644 Thcld9b chrll 0.00432233 -1.08264
ENSMUSGO00000031714 Gabl chr8 0.00432233 -1.16612
ENSMUSG00000032841 Prr5l chr2 0.00432233 -1.21533
ENSMUSG00000047797 Gjbl chrX 0.00432233 -1.20703
ENSMUSG00000028082 Sh3d19 chr3 0.00447485 -1.11753
ENSMUSG00000078771 Evi2a chrll 0.00457461 -1.14241
ENSMUSG00000035413 Tmem98 chrll 0.00467163 -1.19303

ENSMUSG00000060716 Plekhhl chrl2 0.00478522 -1.12667
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Supplementary Table 2. Differentially expressed genes (DEGs) between Tmem106b-/- and
Tmem106b+/- animals.

Gene_ID Symbol Chr Stepup p-value Fold-Change
ENSMUSG00000029571 Tmem106b chr6 1.06E-18 -2.06917
ENSMUSG00000032854 Ugt8a chr3 1.30E-02 -1.22483
ENSMUSG00000090062 Galnt6os chrls 4.63E-02 -1.22176
ENSMUSG00000033579 Fa2h chr8 1.63E-04 -1.21426
ENSMUSG00000041828 Abca8a chrll 4.19E-03 -1.21189
ENSMUSG00000006403 Adamts4 chrl 2.16E-03 -1.20084
ENSMUSG00000037280 Galnt6 chrls 2.44E-03 -1.19723
ENSMUSG00000028681 Ptch2 chr4 1.67E-02 -1.19163
ENSMUSGO00000036777 Anin chr9 1.52E-02 -1.19087
ENSMUSG00000047797 Gjbl chrX 0.0277294 -1.18849
ENSMUSG00000039904 Gpr37 chr6 0.00548018 -1.18191
ENSMUSG00000038668 Lparl chr4 0.0107686 -1.17804
ENSMUSG00000030137 Tuba8 chr6 0.0129935 -1.16495
ENSMUSG00000026830 Ermn chr2 0.0176258 -1.15258
ENSMUSG00000032554 Trf chr9 0.0350375 -1.14865
ENSMUSGO00000006782 Cnp chrll 0.0129935 -1.1473
ENSMUSG00000027375 Mal chr2 0.0129935 -1.14207
ENSMUSGO00000037625 Cldnl11 chr3 0.00151083 -1.13726
ENSMUSG00000031385 PIxnb3 chrX 0.0348441 -1.13054
ENSMUSG00000076439 Mog chrl7 0.0138916 -1.12798
ENSMUSG00000024816 Frmd8 chrl9 0.0462895 -1.12564
ENSMUSGO00000034714 Ttyh2 chrll 0.00151083 -1.09353
ENSMUSG00000041298 Katnall chr5 0.0462895 -1.05251
ENSMUSG00000007891 Ctsd chr7 0.0176258 1.06975
ENSMUSG00000018651 Tada2a chrll 0.0166744 1.09668
ENSMUSGO00000025555 Farpl chri4 0.0166744 1.11312
ENSMUSG00000000805 Card chrll 0.0129935 1.13233
ENSMUSG00000020932 Gfap chrll 0.0166744 1.20072
ENSMUSG00000015451 Cda chrl7 0.0462895 1.20831
ENSMUSGO00000073418 Cdb chrl7 0.0277294 1.2195

ENSMUSG00000041062 Msinl chrl7 0.0144737 1.76505




Supplementary Table 3. Oligodendrocyte enriched and myelination-related genes
listfobtained from JAX Mouse Genome Informatics (http://www.informatics.jax.org/)].

MGI Gene/Marker ID Symbol Chr
MGI:97435 Mog 17
MGI:1355334 Oligl 16
MGI:1355331 Olig2 16
MGI:2149955 Olig3 10
MGI:106586 Omg 11
MGI:106925 Cldn11 3
MGI:108511 Mobp 9
MGI:2657025 Opalin 19
MGI:99606 Abca2 2
MGI:1932576 Akap12 10
MGI:96919 Ascll 10
MGI:87914 Aspa 11
MGI:1927169 B4galt5 2
MGI1:1928380 B4galt6 18
MGI1:88180 Bmp4 14
MGI:101765 Cdk5 5
MGI1:88423 Clu 14
MGI:88437 Cnp 11
MGI:104518 Cntn2 1
MGI:1858201 Cntnapl 11
MGI:88276 Ctnnbl 9
MGI:109563 Cxcrd 1
MGI:1923691 Daam2 17
MGI:101864 Dagl 9
MGI:2177178 Dicerl 12
MGI1:94901 DIx1 2
MGI1:94902 DIx2 2
MGI1:94925 Drd3 16
MGI:1927070 Duspl0 1
MGI1:1934928 Dusp15 2
MGI:2384802 Eif2b1 5
MGI:2145118 Eif2b2 12
MGI:1313286 Eif2b3 4
MGI:95300 Eif2b4 5
MGI:2446176 Eif2b5 16
MGI:1321390 Enpp2 15
MGI:95410 Erbb2 11
MGI:95413 Ercc2 7
MGI:1096376 Exoc4d 6
MGI:2443327 Fa2h 8
MGI:95524 Fgfr3 5
MGI:95660 Gasb6 8



MGI:95729
MGI:87940
MGI:95843
MGI:108086
MGI:2385252
MGI:1097691
MGI:104853
MGI:104876
MGI:96397
MGI:99414
MGI:96432
MGI:1923777
MGI:1194504
MGI:1915522
MGI:96912
MGI:96949
MGI:1926212
MGI:3618753
MGI:3618754
MGI:2676897
MGI:1928394
MGI:2684944
MGI:1891700
MGI:97306
MGI:108067
MGI:97347
MGI:3652259
MGI:1206039
MGI:1352738
MGI:2444609
MGI:97363
MGI:96083
MGI:97384
MGI:97451
MGI:97490
MGI:97623
MGI:97747
MGI:1924880
MGI:1351645
MGI:109583
MGI:97804
MGI:97808
MGI:104574
MGI:97816
MGI:97837
MGI:97912
MGI:98297

Gli3
Grk2
Gsx2
Hdacl
Hdacl1
Hdac2
Hesl
Hes5
Id2

Id4

Igfl
1134
Kcnj10
Lingol
Mag
Mdk
Med12
Mir219a-1
Mir219a-2
Mir23a
Mtor
Myrf
Ncstn
Nfl
Nkx2-1
Nkx2-2
Nkx2-20s
Nkx6-1
Nkx6-2
Nign3
Notch1
Nrgl
Ntrk2
Otx2
Pax6
Plpl
Pparg
Prdm8
Prmt5
Pten
Ptn
Ptpra
Ptprj
Ptprzl
Qk
Rheb
Shh



MGI:1927664
MGI:1922082
MGI:107976
MGI:98358
MGI:98367
MGI:98368
MGI:98370
MGI:98371
MGI:1202879
MGI:2447063
MGI:98725
MGI:1346060
MGI:1923457
MGI:1314883
MGI:2151075
MGI:98834
MGI:1336991
MGI:109525
MGI:1917997
MGI:1921622
MGI:98940
MGI:2658986
MGI:1337100
MGI:2143676
MGI:2686052
MGI:2442953
MGI:87880
MGI:87904
MGI:87906
MGI:1858964
MGI:105094
MGI:1314653
MGI:1928277
MGI:1916847
MGI:1353494
MGI:87991
MGI:87994
MGI:88246
MGI:99435
MGI:88090
MGI:88105
MGI:88106
MGI:88107
MGI:88108
MGI:88115
MGI:107801
MGI:1261437

Sirt2
Slc45a3
Slc8a3
Sox10
Sox5
Sox6
Sox8
Sox9
Tcf712
Tenm4
Tgfbl
Tlr2
Tmem98
Tnfrsflb
Tnfrsf21
Trp53
Trp73
Trpcd
Tspan2
Ulk4
Vtn
Wasf3
wdrl
Zfp365
Zfp488
9630013A20Rik
Aco2
Actb
Actgl
Actrla
Adcyapl
Afdn
Afg3l1
Afg3I2
Akrlb3
Alb
Aldoa
Anxa2
Arf6
Assl
Atplal
Atpla2
Atpla3
Atplbl
Atp5al
Atp5b
Atp5cl



MGI:1918929
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Supplementary figure 1

A Oligodendrocyte enriched
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Supplementary Figure 1. DEGs in Tmem106b-/- mice overlap with myelination-related

IMaATEnmesnmoenl

-2.5

genes. (A) Venn diagram shows the overlap of DEGs of Tmem106b-/- (KO) vs Tmem106b+/-
(Het), DEGs of Tmem106b-/- (KO) vs Tmem106b+/+ (WT), and oligodendrocyte enriched and
myelination-related genes (for detailed gene list, see Supplementary Table 3). (B) Hierarchical
clustering of 37 overlapping genes between DEGs of KO vs WT mice and oligodendrocyte-

enriched and myelination-related genes. * indicates the only upregulated gene.



Supplementary Figure 2
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Supplementary Figure 2. Weighted gene co-expression network analysis (WGCNA)

confirms myelination deficits in 7mem 106b-/- mice. (A) Module-trait relationships are plotted

for Tmem106b+/+ (WT) and Tmem106b-/- (KO) mice. These plots are generated with WGCNA

for groups of genes that increase (red) or decrease (blue) together. A unique color has been

assigned to each of these groups (modules). Correlations and p-values are shown with respect to

the Tmem106b genotype (KO vs WT). On the left, the color of the module and the number of

member genes in each of the 27 co-expression modules are shown. (B, C) Top 10 GO terms of

the red (B) and turquoise (C) modules identified in A. Myelination-related (in B) and translation-

related (in C) cellular processes are highlighted in yellow.



Supplementary Figure 3
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Supplementary Figure 3. q-PCR validation of top down- and up-regulated DEGs identified
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m

brains. (F-J) 15-month-old WT and 7mem106b-/- brains. Graphs represent the mean + S.E.M.

6-8 per group). NS, not significant, *p <0.05,

Data was analyzed by Student’s t-test (n

#kp < 0.01, **%p < 0.001, ****p < 0.0001.



Supplementary Figure 4
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Supplementary Figure 4. Olig2 positive cell counts in the cortex region of Tmem106b
deficiency mice. (A) Representative images of olig2 immunostaining in cortex of 3-month-old
Tmeml106b+/+ (WT), Tmeml06b+/- (Het), and Tmeml06b-/- (KO) mouse brains. (B-F)
Quantification of olig2 positive cells in the corpus callosum of the WT, Het, and KO mouse
brains at indicated ages (n=4-18 per group). The graph represents the mean + S.E.M. Data was
analyzed by one-way analysis of variance (ANOVA) followed by Bonferroni’s multiple

comparison test. NS, no significant.



Supplementary Figure 5
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Supplementary Figure 5. Loss of Tmem106b increased cuprizone-diet induced microgliosis
in corpus callosum. (A) Representative images of Aif-1(microglia marker) immunostaining of
brains from Tmeml06b+/+ (WT) and Tmeml06b-/- after normal diet (No treatment) and 6
weeks of cuprizone diet treatment (Cup treatment 6 weeks). The corpus callosum was
highlighted in dashed lines. (B) Quantification of Aif-1 positive cells in the corpus callosum of
the WT and Tmeml106b-/- mouse brains in A (n=3-6 per group). The graph represents the
mean+ S.E.M. Data was analyzed by Student’s t-test. ns, no significant, **p<0.01,

x50 < 0,001



Supplementary Figure 6
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Supplementary Figure 6. Generation and characterization of Tmem106b CRSIPR knock-
out (KO) mice. (A) A diagram shows the generation of 7Tmem106b CRISPR KO mice. CRISPR

guide RNA targets exon 6 of Tmem106b and deletes Sbp (TATGA, highlighted in black color)



leading to an immediate stop codon (*). (B) Sanger sequencing traces and sequences of WT and
Tmem106b CRISPR KO (KO). (C) Western blot confirms a complete loss of Tmem106b protein
in Tmem106b CRISPR KO brain tissues. (D) Quantification of Tmem106b protein levels in the
blots in C. Graph represents the mean+ S.E.M. Data was analyzed by one-way analysis of
variance (ANOVA) followed by Bonferroni’s multiple comparison test (n =3-4). ****p <0.0001.

(E, F) a full blot (E) and a long exposure blot (F) of Tmem106b blot in C.
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Supplementary Figure 7. Increased de-myelination and reduced re-myelination in
Tmem106b CRISPR KO mice in a cuprizone-induced de- and re-myelination mouse model.

(A) Representative images of the Luxol fast blue (LFB) staining of corpus callosum from WT



and Tmem106b CRISPR KO mice treated with indicated diets: ND, normal diet; Cup 3W, 3
weeks of cuprizone diet, Cup 6W, 6 weeks of cuprizone diet, Rec 6W, 6 weeks of cuprizone diet
plus 6 weeks of normal diet. (B-E) Western blots show protein levels of Cnp, Mbp, and Gapdh in
WT and Tmeml106b CRISPR KO (KO) mice treated with normal diet (ND, B), 3 weeks of
cuprizone diet (Cup 3w, C), 6 weeks of cuprizone diet (Cup 6w, D), and 6 weeks of cuprizone
diet plus 6 weeks of normal diet (Rec 6w, E), respectively. Unmodified full-length blots in
Supplementary Figure 14. (F-I) Quantification of the blots in B-E, respectively. Graphs
represent the mean + S.E.M. Data was analyzed by Student’s t-test (n=5-7 per group). NS, not

significant, **p <0.01, ****p <0.0001.
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Supplementary Figure 8. Generation and characterization of TMEM106b CRISPR knock-

out (KO) HeLa cell line. (A) Diagram shows the generation of Tmem106b CRISPR KO cells.

CRISPR guide RNA targets the exon 1 of TMEM106B and inserts 1bp, highlighted in red color)

leading to a stop codon (*). (B) Sanger sequencing traces and sequences of WT and TMEM106B

CRISPR KO (KO) cells. (C) Western blot confirms a complete loss of TMEM106B protein in

TMEM106B CRISPR KO HeLa cells. (D) Full TMEM106B blot shows no residual TMEM106B

fragments in the KO cells.



Supplementary Figure 9
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Supplementary Figure 9. No effect of TMEM106B on MOG trafficking. (A) Representative
immunofluorescence staining images of LAMP1 and TMEMI106B from WT HelLa and
TMEMI106B CRISPR KO (KO) HeLa cells. (B) Quantification of perinuclear-distributed
LAMP1+ compartments. (C) Representative immunofluorescent images of LAMP1 and PLPI
from WT HeLa and TMEM106B CRISPR KO (KO) HeLa cells 24 h after MOG transfection.

(D, E) Quantification of lysosomal (D) and plasma membrane (E) localized MOG in C. Graphs



in B, D, and E represent the mean+ S.E.M. Data was analyzed by Student’s t-test. NS, not

significant, **p<0.01, (n =3).



Supplementary Figure 10
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Supplementary Figure 10. Increased expression of TYROBP network genes (TNGs) in
Tmem106b-/- mice. (A) Hierarchical clustering of 19 TNGs. (B) Expression values of the TNGs
in WT and Tmem106b-/- mice. Graphs represent the mean + S.E.M. Asterisks indicate significant
differences between WT and Tmem106b-/- mice (*unadjusted p<0.05, ** unadjusted p <0.01, **

unadjusted p <0.001) (n=10 per group).



Supplementary Figure 11
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Supplementary Figure 11. Expression of progranulin-deficiency associated lysosomal genes
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in Tmem106b-/- mice. Hierarchical clustering of 24 progranulin-deficiency associated lysosomal

genes in Tmem106b+/+ (WT) and Tmem106b-/- (KO) mice. *p<0.05, n=10.



Supplementary Figure 12 unmodified full-length blots in Figure 2 G
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Supplementary Figure 13 unmodified full-length blots in Figure 4 A, C, E, G
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Supplementary Figure 14 unmodified full-length blots in Supplementary Figure 7 B-E
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