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SUPPLEMENTAL INFORMATION

Supplementary Figure 1. Deleting Kindlin-2 expression in osteoblasts using the
2.3-kb mouse Col1a1-Cre transgenic mice slightly reduces bone mass in 4-, but
not 2-, month-old mice. (a) Three-dimensional (3D) reconstruction from microcomputed
tomography (uCT) scans of femurs from 2-month-old Kind2-Col1a1 and control male
mice. (b-f) Quantitative analysis of BV/TV, Tb.Th, Tb.N, Tb.Sp, and Cort.Th. N = 4 mice
per group. (g) 3D reconstruction from uCT scans of femurs from 4-month-old
Kind2-Col1a1 and control male mice. (h-j) Quantitative analysis of BV/TV, Tb.Th, Tb.N,

Tb.Sp, and Cort.Th. N = 4 mice per group.

Supplementary Figure 2. Kindlin-2 ablation dramatically reduces bone mass in
6-month-old male mice. Two-dimensional (2D) reconstruction from microcomputed
tomography (uCT) scans of femurs from 6-mo-old male Kind2-D1 mice and control

littermates. N = 9 for control, N = 7 for Kind2-D1 mice.

Supplementary Figure 3. Effects of Kindlin-2 loss on MAR, MS/BS and BFR in
diaphyseal cortical bones. (a) Calcein double labeling. Sections of non-demineralized
femurs of 6-mo-old control and Kind2-D1 male mice were used for MAR, MS/BS, and
BFR assays. (b-d) Quantitative MAR, MS/BS, and BFR data for diaphyseal cortical

bones. Scale bar, 80 um. N = 11 control, N = 10 for Kind2-D1.

Supplementary Figure 4. Four major cell types are identified with specific markers.

(a) Data visualization using UMAP. (b) Vinplot with markers of adipocytes. Important



adipocyte-related markers, including DIk1, Pparg, and Adipoq, were not significantly
expressed in any clusters. (c) TSNEPIot with indicated markers in control group cells. (d)

TSNEPIot with indicated markers in Kind2-D1 group cells.

Supplementary Figure 5. Gene set enrichment analysis results using metascape
with P value lower than 1E-4. Genes with adjusted P value lower than 0.01 and
absolute log2 fold change higher than 0.25 were used as input gene set for enrichment

analysis by metascape with default parameters.

Supplementary Figure 6. Reduced growth rate of CFU-F cultures from Kind2-D1
mice. (a-c) Bone marrow nucleated cells (4x10° cells) from 2-mo-old male Kind2-D1
mice and control littermates were seeded in 24-well plates and cultured in media from
the CFU-F assay kit. At d5 (a), d10 (b), and d15 (c), adhering cells were digested by
trypsin and counted. N = 3 mice per group. *P< 0.05, versus controls, Student’s t-test.

Results are expressed as mean + standard deviation (s.d.).

Supplementary Figure 7. Effects of Kindlin-2 loss on expression of sclerostin and
Wnt/B-catenin downstream target genes in bones. Real-time RT-PCR (qPCR)
analyses. Tibiae were harvested from 2-mo-old male Kind2-D1 mice and control
littermates, growth plates at both ends were cut, and the bone marrow was flushed. Total
RNA was isolated and used for gPCR analysis for expression of indicated genes and
normalized to Gapdh mRNA. *P<0.05, versus controls, Student’s t-test. Results are

expressed as mean + standard deviation.



Supplementary Figure 8. Kindlin-2 expression in osteocytes in Kind2-D1 and
Kind2-Col1a1 mice. (a-c) Immunofluorescence (IF) staining of tibial sections of
4-mo-old male Kind2-D1, Kind2-Col1a1 and their respective control littermates with an
anti-Kindlin-2 antibody. Quantitative data of Kindlin-2-positive osteocytes embedded in
the cortical bone matrix (b,c). N = 4 mice for Kind2-D1 and control, N = 5 mice for
Kind2-Col1a1 and control. *P< 0.05, versus controls, Student’s t-test. Results are

expressed as mean = s.d.

Supplementary Figure 9. Skeletal muscles are not markedly affected in Kind2-D1
mice. (a,b) Muscle weight. The weights of the quadriceps femoris, gastrocnemius
muscle, and anterior tibial muscle from 5-mo-old Kind2-D1 male mice and sex-matched
control littermates were measured. N = 3 mice per group. Results are expressed as
mean + standard deviation (s.d.). (¢) Hematoxylin and eosin (H/E) staining. Sections of
above muscles were subjected to H/E staining. Scale bar: 50 um. (d) Western blotting.
Protein extracts from above quadriceps femoris were subjected to western blotting

analysis using an anti-Kindlin-2 antibody. Gapdh protein was used as a loading control.



Supplementary Table 1

### Differentially expressed genes between control group and Kind2-D1 group with adjusted P value
lower than 0.01
# P value calculated by FindMarkers Function with default wilcoxon sign test in Seurat (version 2.3.4)

# pct.1, pct.2 represented percentage of cells with expression higher than 0
# P value adjusted using bonferroni method

gene
Rps28
Rps29
Rpl38
Rpl41l
Gm8730
Rps2
Gm26917
Rps27
Gm10076
Rpl15
Rpl36
Rpl37a
mt-Nd2
Eif2s2
Atp5k
Rplp0
Nmtl
Nme2

Rpl37

p value

8.67E-20
0
1.02E-18
0
2.08E-16
0
5.62E-14
0
5.53E-13
6
3.10E-11
7
9.81E-11
0
1.16E-10
5

3.56E-88
1.11E-86
3.83E-86
4.88E-78
1.95E-76
7.41E-75
1.11E-74
5.17E-70
4.06E-68
8.06E-59

8.66E-58

avg_logFC

-0.9351955
74
-0.6478229
36
-0.6518185
34
-0.4531269
06

0.74693076

0.54289669
6
0.75049400
2
-0.4212166
68
-0.3814446
46
0.54236439
9
-0.3926952
95
-0.3059130
84
-0.7170271
06
-0.5816708
75
-0.6420809
73
0.41708735
5
-0.7276679
96
0.65175347
9
-0.2769069
21

pct.
1

0.99

0.96

0.99

0.99

0.77

0.93

0.87

0.29
0.76

0.99

pct.

2

0.99
8

1

0.98

0.99
0.75

0.99

0.94

0.99

0.92

0.98

0.96

0.99

0.67

0.41

adjusted p
value

1.26E-195
1.49E-176
3.02E-156
8.19E-136
8.06E-132
4.52E-113
1.43E-105
1.69E-101
5.19E-84
1.62E-82
5.58E-82
7.10E-74
2.84E-72
1.08E-70
1.62E-70
7.52E-66
5.92E-64
1.17E-54

1.26E-53

cluste
r

cell type

Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0




Snhg9
Rps21
Ftl1
Gm10260
Rps18
Sertad2
Malatl
Rpl29
Sec6blg
Lmo4
Rpl39
Ndufa3
Gm10263
Rps7
Rpl10
Gm10709
Calr
Rps27rt
Timp1l
Igkc
Usmg5
lbsp
Gm10020

Ybx1

1.10E-56

4.66E-52

4.43E-51

1.52E-49

1.43E-47

8.56E-47

2.37E-46

6.11E-46

7.14E-44

7.41E-42

7.73E-40

1.71E-37

7.84E-36

1.04E-35

2.23E-33

6.06E-32

7.71E-31

2.81E-29

3.41E-29

6.91E-29

1.66E-28

2.13E-28

3.68E-28

7.08E-28

-0.6680902
14
-0.3395922
62
0.33071666
9

0.3206545

0.29155374
7
-0.6715708
54
-0.4792632
75
0.48843739
5
-0.3054129
01
-0.6325625
51
-0.3484350
48
-0.4617808
16
-0.4598437
28
0.27590445
1
0.26287824
9

0.31671197

0.39218975
3
-0.4850968
25

0.46889641

0.40868051
5
-0.3768408
57
0.28449496
2
0.40138210
7
0.30628551
1

0.44

0.99

0.99
0.99

0.71

0.65

0.99

0.74

0.99

0.91

0.28

0.98

0.99

0.92

0.86

0.61

0.91

0.12

0.89

0.51

0.36

0.95

1.61E-52

6.78E-48

6.46E-47

2.21E-45

2.09E-43

1.25E-42

3.45E-42

8.89E-42

1.04E-39

1.08E-37

1.13E-35

2.49E-33

1.14E-31

1.52E-31

3.25E-29

8.83E-28

1.12E-26

4.10E-25

4.96E-25

1.01E-24

2.42E-24

3.10E-24

5.36E-24

1.03E-23

Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0




Lox
Fos
Hesl
Ogn

Myeov2
2010107E04

Rik
Snhgl18
Pabpcl
Gm10126
Gm10116
Ppplrldb
mt-Nd3
Egrl
Nisch
Polr2l
Arpclb
Myl9
Gm10073
Dstn
Snrpg
Wispl
Eifdebpl
Gm8186

Prss23

6.06E-27

5.14E-26

1.93E-24

2.26E-24

1.27E-23

2.22E-23

4.41E-23

9.95E-23

2.10E-22

2.86E-21

3.08E-21

4.63E-21

4.21E-20

1.55E-19

7.41E-19

1.95E-18

3.07E-18

1.46E-17

1.73E-17

3.12E-17

7.65E-17

1.06E-16

1.67E-16

1.88E-16

0.40887185
1
-0.6141939
58
-0.5906809
7
-0.4486425
82
-0.3119616
19
-0.3679543
58
-0.4234347
24

0.31557815

-0.2592404
09
0.38408976
6
0.31397636
5
-0.3772111
69
-0.4976610
68
-0.3736708
47
-0.3520487
5
0.27558829
7
-0.3771657
54
-0.2831961
63
-0.3277708
63
-0.2719775
91
0.28838353
6
0.25662540
8
-0.3581448
79
0.37774635
9

0.98

0.57

0.45

0.72

0.92

0.67

0.61

0.94

0.02
0.71

0.9

0.22

0.45

0.61

0.65

0.95

0.89

0.78

0.88

0.86

0.87

0.96

0.29

0.79

0.93

0.73

0.64

0.84

0.95

0.80

0.75

0.87

0.16

0.45

0.76

0.43

0.63

0.73

0.76

0.87

0.92

0.84

0.90

0.89

0.73

0.87

0.47

0.61

8.83E-23

7.48E-22

2.81E-20

3.30E-20

1.84E-19

3.23E-19

6.42E-19

1.45E-18

3.06E-18

4.17E-17

4.48E-17

6.75E-17

6.13E-16

2.25E-15

1.08E-14

2.84E-14

4.47E-14

2.12E-13

2.52E-13

4.54E-13

1.11E-12

1.54E-12

2.43E-12

2.74E-12

Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0
Mesenchymal
progenitor_0




Coll2al
Pet100
Fads3
Eif3k
ltm2a
Rpl6l
Psap
Apoe
Tomm7
Gm9493
Nmel
Usp50
Dyncli2
Pgkl
Toporsos
Vps8
Ssbp3
PISD
Ptrf
Hk2
Mmp23
Cleclla
Maged1

Biccl

3.13E-16

3.87E-16

1.35E-15

1.76E-15

2.84E-15

3.51E-15

5.51E-15

2.68E-14

7.55E-14

1.18E-13

1.38E-13

2.57E-13

6.26E-13

8.44E-13

3.06E-12

7.70E-11

2.60E-10

3.27E-10

3.46E-10

4.66E-10

5.33E-10

6.96E-10

1.34E-09

2.46E-09

-0.3222961
57
-0.3760752
88
0.32583565
3
0.25071465
8
-0.4735060
66
0.28602951
7
-0.3115784
96
-0.2899102
08
-0.2613451
1
0.25021153
6
0.27755174
9
-0.2792916
45
-0.3164853
79
0.29363999
9
-0.3110297
11
-0.2658414
85
-0.2764523
73
-0.2571742
54
-0.2671637
18
-0.2946943
12
-0.2755495
41
-0.3138744
42
-0.2548808
64
-0.2664361
89

0.94

0.34

0.62

0.90

0.72

0.53

0.86

0.10

0.78

0.50

0.85

0.77

0.40

0.63

0.23

0.07

0.25

0.12

0.75

0.14

0.56

0.28

0.68

0.60

0.96

0.51

0.43

0.81

0.80

0.32

0.90

0.25

0.82

0.29

0.74

0.80

0.54

0.45

0.38

0.18

0.38

0.24

0.79

0.26

0.65

0.41

0.76

0.69

4.57E-12

5.64E-12

1.97E-11

2.57E-11

4.14E-11

5.11E-11

8.02E-11

3.90E-10

1.10E-09

1.71E-09

2.02E-09

3.75E-09

9.11E-09

1.23E-08

4.45E-08

1.12E-06

3.79E-06

4.77E-06

5.04E-06

6.79E-06

7.76E-06

1.01E-05

1.95E-05

3.59E-05
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Mesenchymal
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Pam
Tspan3l
Fgfr2
Nrp2
Ctsb
lgfbpd
ler2
Zfp36
Ptprs
Gpx3
Tmema86a
Kenk2
Acta2
Mef2c
Rps29
Rps28
Rpl41
Rpl38
Rps27
Gm10076
Rpl37a
Gm26917
Gm8730

Rpl36

5.37E-09

6.62E-09

7.03E-09

7.07E-09

1.02E-08

4.17E-08

5.06E-08

5.80E-08

7.26E-08

8.32E-08

1.16E-07

2.22E-07

2.67E-07

3.00E-07

1.51E-14
5
2.98E-14
5
1.45E-11
1
8.22E-10
6

1.20E-95

2.27E-76

4.29E-69
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9.84E-06 12 Osteoclast_12
1.02E-05 12 Osteoclast_12
2.50E-05 12 Osteoclast_12

3.65E-05 12 Osteoclast_12

0.00013455’l 12 Osteoclast_12
0.00013973 12 Osteoclast_12
00002944? 12 Osteoclast_12
0.0010244; 12 Osteoclast_12
0.0012619§ 12 Osteoclast_12
0.00220632 12 Osteoclast_12
0.0022594; 12 Osteoclast_12
0.0024956; 12 Osteoclast_12
0.0023396§ 12 Osteoclast_12

0.00394221 12 Osteoclast_12

0-00512943 12 Osteoclast_12
0-0061459§ 12 Osteoclast_12
0-00702832 12 Osteoclast_12

Supplementary Table 2: Mouse real-time RT-PCR (qPCR) primers

Name 5’ primer 3’ primer

Adiponect | TGTTCCTCTTAATCCTGCCCA CCAACCTGCACAAGTTCCCTT

in

Alp CCAACTCTTTTGTGCCAGAGA GGCTACATTGGTGTTGAGCTTTT
aP2 GGGGCCAGGCTTCTATTCC GGAGCTGGGTTAGGTATGGG
Axin2 TGACTCTCCTTCCAGATCCCA TGCCCACACTAGGCTGACA
Bmp4 TTCCTGGTAACCGAATGCTGA CCTGAATCTCGGCGACTTTTT
C/EBPa CAAGAACAGCAACGAGTACCG | GTCACTGGTCAACTCCAGCAC

C/EBPB

CAAGCTGAGCGACGAGTACA

CAGCTGCTCCACCTTCTTCT




CatK

AATACGTGCAGCAGAACGGAGG
C

CTCGTTCCCCACAGGAATCTCTCT
GTAC

Col1at GCTCCTCTTAGGGGCCACT CCACGTCTCACCATTGGGG

Csfr1 CCTCCTCTGGTCCTGCTGCTGG | GCTCACACATCGCAGGGTCACC

Cx43 ACAGCGGTTGAGTCAGCTTG GAGAGATGGGGAAGGACTTGT

Dkk1 CATGAGGCACGCTATGTGCTG | GCGGCGTTGTGGTCATTACC

Gapdh CAGTGCCAGCCTCGTCCCGTAG | CTGCAAATGGCAGCCCTGGTGAC
A

Kindlin-2 | CTCTGACCGAGTCTTCAAGGC | ATGAGCGTCGTAAGTAGGGGT

Lef1 TGTTTATCCCATCACGGGTGG CATGGAAGTGTCGCCTGACAG

Lrp5 GGGTCCACAAGGTCAAGGC GCACCCTCCATTTCCATCC

Lrp6 GCCCACTACTCCCTGAATGCTG | TGTGGATAGGAAGGATGATGTCAG

Mmp9 TGCCCTGGAACTCACACGACAT | TCCACCTGGTTCACCTCATGGTCC
CTTC

Nfatc1 CCCCATCCGCCAGGCTACA GGTTGTCTGCACTGAGCCAACTCC

Ocn AGGGAGGATCAAGTCCCG GAACAGACTCCGGCGCTA

Osx ATGGCGTCCTCTCTGCTTG TGAAAGGTCAGCGTATGGCTT

Ppary2 TCGCTGATGCACTGCCTATG GAGAGGTCCACAGAGCTGATT

Pref-1 GACCCACCCTGTGACCCC CAGGCAGCTCGTGCACCCC

Pu.1 CTCCAGGTGTACCCCCCAGAGG | CTCCAGGGCGGGGCTGTC

Rank GGACGGTGTTGCAGCAGAT GCAGTCTGAGTTCCAGTGGTA

Rankl CAGCATCGCTCTGTTCCTGTA CTGCGTTTTCATGGAGTCTCA

Runx2 AACGATCTGAGATTTGTGGGC CCTGCGTGGGATTTCTTGGTT

Smad6 GCAACCCCTACCACTTCAGC GTGGCTTGTACTGGTCAGGAG

Sclerostin | AGCCTTCAGGAATGATGCCAC CTTTGGCGTCATAGGGATGGT

Trap CACTCCCACCCTGAGATTTGT CATCGTCTGCACGGTTCTG

Supplementary Table S3: Antibody information

Antibody Company Catalog # Application/Dilution

B-Actin Sigma A2228 WB (1:4000)

Active-p-catenin | Millipore 05-665 WB (1:2000)

B-catenin CST 9562S WB (1:1000), IHC (1:1000)

Kindlin-2 Abcam Ab74030 WB (1:1000), IHC (1:700), IF
(1:200)

Nfact1 Santa Cruz sc-7294 WB (1:500), IHC (1:500)

Osx Abcam ab22552 WB (1:1000), IHC (1:2000)

Phalloidin-488 Invitrogen™ A12379 IF (1:200)

Runx2 Abcam ab76956 WB (1:1000)

Rankl Santa Cruz sc-52950 IHC (1:500)

Anti-Rankl R&D AF462 40 ng/ml

neutralizing Ab




Sclerostin

Abcam

Ab63097

IHC (1:200)

Sclerostin

Novus

NBP1-50549

WB (1:500)

Supplementary Table 4. Mutation primers for CRISPR/Cas9 deletion of mouse

Kindlin-2.
K2-sgT 5’-CACCGCTGCTACGCGGACGGGACGT-3’
K2-sgB 5’-AAACACGTCCCGTCCGCGTAGCAGC-3’

Supplementary Table 5: Sequencing primers for CRISPR/Cas9 deletion of mouse

Kindlin-2

K2 (Forward)

5-AGTGACGCTGACGAGAGCCATTTCC-3

K2 (Reverse)

5’-GCGCAGCACA CGCCAGGAGCTAGGA-3’
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