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APPENDIX

EXtENDED EXPERIMENtAl PRocEDuRES

Salivary Gland Isolation, tissue Sections, and laser 
Microdissection

Embryos from timed-pregnant mice (the morning of the day that 
the vaginal plug was detected was set to E0) were collected in 
the mid-afternoon (E12.5 and E13.5) or early morning (E14 and 
E15), and the salivary glands placed on Nuclepore filters after 
dissection as previously described (Wei et al., 2007). The 
Nuclepore filters containing explanted SMGs were inverted 
onto cold OCT (Optimal Cutting Temperature compound at 
4°C) in cryosection molds, and the molds were placed on the top 
of a brass cylinder cooled by ethanol-dry ice. After the OCT was 
frozen, the filter was carefully removed with forceps, and care 
was taken to remove the entire filter. The frozen tissue blocks 
were maintained in the molds at -80°C until being sectioned. A 
Leica CM3050S research cryostat was used to cut 10- to 14-µm 
frozen sections, which were collected on PEN membrane glass 
slides (Applied Biosystems, Carlsbad, CA, USA or Leica, 
Wetzlar, Germany) pre-treated with 0.01% polylysine for 5 min 
(Sigma, St. Louis, MO, USA) and then UV-crosslinked for 30 
min in a Stratalinker (Stratagene, Santa Clara, CA, USA). The 
slides were frozen on dry ice and stored at -80°C. Prior to laser 
capture, the slides were thawed at room temperature for 10 min, 
stained with 0.1% toluidine blue containing 400 U/mL RNaseOut 
(Invitrogen, Carlsbad, CA, USA), and air-dried. Laser capture 
was performed with an Arcturus XT (Applied Biosystems) at the 
“UV-cut first” (at 15% laser intensity) setting and CapSure HS 
LCM caps (Applied Biosystems). At least 500 to 1000 cells 
were collected for each replicate at every location analyzed. The 
numbers of sections isolated by LCM pooled for each biological 
replicate are shown in the Table following this section. Cells 
adjacent to the microdissected areas were also collected by 
LCM and used to check RNA integrity of the sections by PCR. 

Three sets of PCR primers for E-cadherin (E-cdh-1, -2, and -3) 
were designed in MacVector (MacVector Inc., Cary, NC, USA) 
to generate a 600-bp product 2500, 2000, and 1000 bases 
upstream of the 3′ end of the mRNA. Laser-captured tissue 
samples were amplified only if the E-cdh-1 and E-cdh-2 PCR 
analysis of the adjacent sections showed a band of 600 nt. 

Table showing numbers of pooled samples isolated by LCM 
for each biological replicate:

Location/Age E12.5 E13.5 E14 E15

Main duct > 5 > 5 > 5 > 5
Secondary duct > 10 > 10 > 10

Bud > 10 PB, > 10; CB, > 10 > 20 > 30
Cleft > 20 > 20

Microarray Analysis

Tissue samples collected by LCM were extracted with Buffer 
RLT (Qiagen, Valencia, CA, USA) or Trizol (Invitrogen) fol-
lowing the manufacturers’ protocols. To facilitate RNA precipi-
tation, we added carrier to each sample. For samples extracted 
in Buffer RLT, 30 ng polyinosine (Sigma-Aldrich, St. Louis, 
MO, USA) was added; for samples extracted in Trizol, 10 µg 
Glycoblue (Ambion, Carlsbad, CA, USA) was used. The puri-
fied RNA was subjected to 2 rounds of amplification with 
MessageAMP 2AA (Ambion) following the manufacturers’ 
protocol, with two modifications: The ratio of aminoallyl-
UTP:UTP was reduced from 1:1 to 1:3, and the Agilent Spike-In 
was added to each sample before the second round of amplifica-
tion. Gene expression in each sample was determined with 
Whole Mouse Genome arrays (4 x 44k, Agilent, Santa Clara, 
CA, USA). The images of each array were analyzed with 
Agilent Feature extraction software 9.3.4 to generate gene 
expression values and imported into GeneSpring 11.5 (Agilent). 
They were processed by quantile normalization (Bolstad et al., 
2003) and RMA (Irizarry et al., 2003). The imported files were 
then processed to show genes present in at least 66% of arrays. 
Comparisons of the expression of 4 housekeeping genes con-
firmed consistent expression among all of the normalized arrays 
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(Appendix Fig. 2A). These lists were then subjected to analysis 
of variance (ANOVA), followed by Tukey’s post hoc testing to 
generate lists of genes expressed significantly differently (P < 
0.05) between each of the individual locations and ages (PM66 
AT); the lists have been deposited in GEO as supplemental data 
along with tables showing the fold-changes of these genes. To 
validate the microarrays, we collected independent biological 
replicates (n = at least 3) and amplified them once using the 
procedure described above, then analyzed them by SYBR-Green 
qPCR using a StepOnePlus thermal cycler (Applied Biosystems) 
and calculating ddCT to determine fold change. Primers for 
qPCR validation were designed with BeaconDesigner (Premier 
Biosoft International, Palo Alto, CA, USA). The software was 
instructed to find amplicons within the last 1000 nucleotides of 
the mRNA, with amplicon lengths 75-200 bases and Tm = 62° ± 
2°C. Primers were purchased from Integrated DNA Technologies 
(IDT), Operon, or the Facility for Biotechnology Resources, 
CBER, Food and Drug Administration (FDA) and tested for 
efficiency. Only primers with efficiencies > 85% but < 110% 
were used in subsequent validation experiments. 

GSK3β Inhibitory Studies

E12 SMGs were cultured in medium supplemented with either 
20 mM LiCl (Klein and Melton, 1996) or 20 mM NaCl (control) 
for up to 2 days. The inhibitor SB-216763 (S3442, Sigma-
Aldrich; Cross et al., 2001) was used at 10 µM from a 40-mM 
stock in DMSO. BIO (6-bromoindirubin-3’-oxime; B1686, 
Sigma-Aldrich; Polychronopoulos et al., 2004) was used at 5 
µM from a 20-mM stock in DMSO. All samples received a final 
concentration of 0.025% DMSO. The SMGs were photographed 
with a Nikon D5000 camera on an Axiovert 40C inverted micro-
scope (Carl Zeiss, Oberkochen, Germany). Clefts from left-and-
right pairs of glands (to compare control and experimental 
conditions using glands from the same mouse) were counted 
manually, and the data were analyzed for statistical significance 
with Prism 5 (GraphPad Software, La Jolla, CA, USA) by a one-
tailed t test. In the LiCl washout (reversal) experiments, SMGs 
were treated for 16 hrs with LiCl and rinsed twice with fresh 
DMEM/F12, and culture was continued for 24 hrs. 

Image Processing

Photographs were processed in iPhoto (Apple, Cupertino, CA, 
USA), where color information was discarded, and contrast and 
levels were adjusted. Immunostaining images acquired with an 
LSM 710 confocal microscope (Carl Zeiss) were imported into 
MetaMorph Offline 7.5.6.0 (Molecular Devices, Sunnyvale, 
CA, USA), where contrast adjustment and a smoothing filter 
were applied. 

Whole-mount and cryosection Immunofluorescence 
Microscopy

Whole SMGs were fixed and permeabilized (a) as previously 
described in 4% paraformaldehyde with 0.1% Triton X-100 
permeabilization (Wei et al., 2007; Rebustini et al., 2009), or (b) 
in 1:1 acetone:methanol at -20°C for 5 min. The glands were 

then rinsed 3 times with 0.1% Tween 20/PBS for 15 min each. 
Non-specific binding sites were then blocked with 5% donkey 
serum, 1% BSA (Sigma), and M.O.M. (Vector Laboratories,  
Burlingame, CA, USA) in 0.1% Tween/PBS overnight at 4°C. 
The glands were then incubated with primary monoclonal anti-
bodies against E-cadherin (ECCD-2, Invitrogen) or GSK3β 
(Cell Signaling), or with rabbit polyclonal anti-fibronectin anti-
body R5836 (made in-house) in 0.1% Tween/PBS (containing 
8% M.O.M. protein concentrate plus 5% donkey serum) over-
night at 4°C. Samples were then incubated with secondary 
antibodies conjugated to Cy2, Cy3, or Cy5 (Jackson 
ImmunoResearch Laboratories, West Grove, PA, USA) over-
night at 4°C before being mounted on slides. For cryostat sec-
tioning, SMGs were explanted at E12 and cultured until reaching 
stage E13.5. The glands were fixed with 1:1 acetone:methanol 
and then frozen in OCT as described for LCM. Cryosections (14 
µm) were cut by means of a Leica CM3050S cryostat and col-
lected on positively charged slides. Sections were then treated as 
described for whole-mount microscopy, except that the incuba-
tions were at room temperature for 1 hr. Samples were examined 
by confocal microscopy (LSM 510 or 710, Carl Zeiss 
Microimaging).
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Appendix Figure 1. Representative Images of Submandibular Salivary Glands Indicating Locations Isolated by LCM (A) E12.5, (B) E14, and (C) 
E15. Color legend: red- main duct; blue- secondary duct; green- bud; yellow- cleft. Scale bar for all images = 100 μm.
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Appendix Figure 2. Results of Normalization and Hierarchical Clustering of Each Location and Age Samples were subjected to hierarchical 
clustering based on the origin of the biological replicates (“cluster on conditions” analysis based on age or location using GeneSpring). 
Abbreviations: CB, central bud; Cl, cleft; PB, peripheral bud; MD, main duct; SD, secondary duct. The numbers in parentheses indicate the number 
of genes present or marginal in at least 66% of the biological replicates at each location. (A) After normalization, the expression of the four 
housekeeping genes Rps29, Uba52, Ubb and Ubc was found to be consistent among all of the normalized arrays (Figure 2A). The data are now 
available on the website http://sgmap.nidcr.nih.gov/ in a searchable format and in GEO (Accession number GSE22828). (B-G) Clustering 
analysis showed that all arrays were nested, and the biological replicates clustered together compared to biological replicates at other locations. 
(B) Clustering of main duct arrays (24684 genes present or marginal). The E12.5 and E13.5 main duct arrays and some of the E14 arrays were 
nested, suggesting that gene expression in these arrays was similar. A separate nested group contained the remaining E14 arrays and all of the 
E15 arrays. Within the subclusters, the arrays clustered according to age. (C) Clustering of secondary duct arrays (18582 genes present or 
marginal). The E13.5 and E14 secondary duct arrays were nested and formed a subcluster indicating similar gene expression patterns. The E15 
secondary duct arrays formed a distinct subcluster. (D) Clustering of cleft arrays (22432 genes present or marginal). The biological replicates 
clustered according to age. (E) Clustering of E13.5 arrays (22067 genes present or marginal). The peripheral and central bud arrays formed a 
nested cluster, indicating that gene expression in these arrays was very similar. The cleft arrays did not form a single distinct subcluster. The main 
duct arrays clustered together, but the secondary duct arrays did not. (F) Clustering of E14 arrays (18613 genes present or marginal). Main ducts 
and secondary ducts are nested, suggesting similarity in gene expression, but they are different from bud arrays. (G) Clustering of E15 arrays 
(17656 genes present or marginal). The bud arrays clustered together and are different from the main and secondary duct arrays, which are 
nested, suggesting similar gene expression profiles for ducts.
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Appendix table 4. Molecular Function Analysis of Genes Used for qPCR Validation

Molecular Function Gene Ontology Genes from Literature Used for qPCR Validation

Term Count Genes

GO:0005198~structural molecule activity 9 KRT19, KRT18, KRT17, CLDN4, CLDN3, CLDN6, KRT7, KRT8, CLDN11

GO:0042802~identical protein binding 4 CLDN4, CLDN3, CLDN6, CLDN11
GO:0022838~substrate specific channel activity 4 AQP5, CFTR, SCNN1B, SCNN1A
GO:0015267~channel activity 4 AQP5, CFTR, SCNN1B, SCNN1A
GO:0022803~passive transmembrane transporter activity 4 AQP5, CFTR, SCNN1B, SCNN1A
GO:0050699~WW domain binding 2 SCNN1B, SCNN1A
GO:0019903~protein phosphatase binding 2 CDH1, CTNNB1
GO:0019902~phosphatase binding 2 CDH1, CTNNB1
GO:0005272~sodium channel activity 2 SCNN1B, SCNN1A
GO:0005216~ion channel activity 3 CFTR, SCNN1B, SCNN1A
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Appendix table 5. Embryonic Day 15 Bud vs. Embryonic Day 12.5 Bud, Selected Functions, and Pathways of Genes Differentially Expressed

Gene Symbol Fold Change in Microarray Fold Change by qPCR References with Localization Data

Substrate specific transport
Kcnn4 10.9 6.5 IF: late bud; Appendix Ref. 6, 7, 8
Aqp5 1219 38 qPcR: late bud; Appendix Ref. 9, 10

Transcription activator activity
Rnf6 117 – –
Nfix 26.1 – –
Cited2 17.3 – –
Cited4 20.7 – –
Lef1 −52 – –
Foxc2 −20 – –
Smad3 -16.5 – –
Etv4 −4.5 – qPcR: E13 bud; Appendix Ref. 15
Etv5 −6 – qPcR: E13 bud; Appendix Ref. 15

Enzyme inhibitory activity/peptidase inhibitor activity
Wfdc3 59.1 – –
Bc048546 31.1 – –
Expi 176.5 – –
Ppp1R1b 18.9 – –
Serpinb12 43 – –
Tesc 80.8 – –

Metallopeptidase activity
Mmp2 −359.0 −110 qPcR: E13 SMG; Appendix Ref. 16
Adamts19 −22.5 – –
Adamts4 −15.8 – –
Adamts8 −51.9 – –

No function assigned
Dcpp1 3477 d ISH: E14.5; Appendix Ref. 13, 14
Pip 150 11 qPcR: E15 SMG; Appendix Ref. 10
Smgc 444 d qPcR: E15 SMG; Appendix Ref. 17

Heme binding
Hba-A1 38.8 – –
Hbb-B1 55.2 – –
Cyp4B1 99.6 – –
Cyp51 48.8 – –
Lpo 19.4 – –

KEGG: Pathways in cancer
Fgfr2 −15 −3.5 IF: E13 SMG; Appendix Ref. 16
Wnt10a −17 – –
E2F2 18 – –
Map2k1 −22.6 – –
Rxra −12.2 – –
Smad3 −16.5 – –
Lef1 −52 – –
Mmp2 −359 −110 qPcR: E13 SMG; Appendix Ref. 16

For abbreviations, please refer to Table 1 (main article).
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Appendix table 8. Differential Gene Expression between Locations Identified by ANOVA 

E12.5 Arrays (25378 genes present, 3841 pass through ANOVA)

Bud Cleft

Bud − 682

Main duct 2028 2519

E13.5 Arrays (22067 genes present, 3698 pass through ANOVA)

Central Bud Secondary Duct Main Duct Cleft

Central bud − 255 1889 241
Peripheral bud 34 752 2340 104
Cleft 241 473 1768 −
Secondary duct 255 − 357 473

E14 Arrays (18613 genes present, 2283 pass through ANOVA)

Bud Secondary Duct

Bud − 912

Main duct 1275 807

E15 Arrays (17656 genes present, 5313 pass through ANOVA)

Bud Secondary Duct

Bud − 2358

Main duct 3247 1860

Numbers at intersections show number of genes expressed differently between the 2 locations as identified by Tukey’s post hoc test.


