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S| Methods

Strains and Culture Conditions. Candida albicans strains SC5314,
WO1, 1006, and NUM114 were used in this study. Methylated
DNA from C. albicans was isolated from strain SC5314 grown in
Lee’s medium at 37 °C containing either low or high nitrogen
concentrations favoring yeast or hyphal growth, respectively (1).
To study the effect of iron dosage on DNA methylation and
transcription, strain SC5314 was grown in a defined medium
containing either low (1 pM) or high (100 pM) ferrous ammonium
sulfate. The composition of the iron-defined medium and growth
conditions were used as described (2). Phenotypic switching strain
WOIL was used to examine the DNA methylation in white and
opaque cells using medium and growth conditions as described
(3). To examine the effect of loss of methylation, liquid medium
was supplemented with 100 pM AzaC (Sigma).

Preparation of a Methyl DNA Binding Column. A methyl DNA
binding column was prepared essentially as described (4) with
some modifications. Briefly, the methyl-CpG binding domain
(MBD) of the mouse MeCP2 gene was amplified by PCR with
primers that contained an Ndel site at the 5’ end and a BamHI
site at the 3’ end of the DNA fragment. PCR conditions and
primers were used as described (4) except one primer was mod-
ified to introduce an Ndel site (5'-ccgggatccgetecctcteccagttacegt-
3"). The PCR product was digested with BamHI and Ndel re-
striction enzymes, gel purified, and cloned into the Ndel and
BamHI sites of expression vector pET19b (Novagen) to give
pET19bhMBD. The recombinant hMBD protein was expressed
in Escherichia coli strain Rosetta 2 (DE3) pLysS (Novagen) and
was concentrated by using a Qiagen Ni-NTA Kit following the
manufacturer’s protocol (Qiagen). The hMBD protein was cou-
pled to Ni**-NTA agarose beads in a chromatography column
(Qiagen). As a control, methylated Sau3Al-digested pBluescript
KS(-) vector DNA (Agilent) was prepared in vitro by using CpG
methylase (New England Biolabs). Methylated and unmethylated
vector DNA fragments were loaded onto the column in buffer B
(4) and eluted with a step gradient of 0.1-1 M sodium chloride in
buffer B. The eluted DNA fractions were extracted with phenol-
chloroform and precipitated with ethanol. Resuspended DNA
from each fraction was electrophoresed and transferred to a Zeta-
Probe GT nylon membrane (Bio-Rad) by using standard South-
ern blotting procedure and probed with [a-32P]dCTP-labeled
methylated and unmethylated vector DNA.

Identification of the Methylated Fraction of C. albicans Genomic DNA.
Sau3Al-digested total genomic DNA from C. albicans strain
SC5314 was passed through the hMBD column and eluted with
a step gradient of 0.1-1 M NaCl in buffer B as described above.
Putative methylated DNAs that eluted with high salt (>0.6 M
NaCl) were cloned into BamHI-digested pBluescript and prop-
agated in E. coli. Plasmid DNA from each clone was used in slot
blot analysis to identify clones enriched by the hMBD column.
The blots were probed separately with [a-**P]dCTP-labeled
hMBD-fractionated DNA eluted with high salt (>0.6 M NaCl)
and [a->*P]dCTP-labeled total genomic DNA. The probe hy-
bridization intensities of each clone were measured by Alpha
Ease imaging software. Enriched DNA clones were sequenced by
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using M13 forward and reverse primers at the Iowa State Uni-
versity DNA sequencing facility.

DNA Extraction and Methylation Assay Using Isoschizomers. Total
DNA was prepared from C. albicans by using a DNeasy Kit
following the manufacturer’s instructions (Qiagen). Methylation-
sensitive and -insensitive restriction endonucleases were used to
determine the methylation status of C. albicans genomic regions.
The isoschizomer pairs Hpall/Mspl and Sau3AI/Dpnll were
used. Genomic DNAs (2 pg) were separately digested with iso-
schizomers Sau3Al (blocked by GAT™C hemimethylation) and
Dpnll (cuts GAT™C), Hpall (blocked by ™*CCGG and
C™°CGG), and Mspl (blocked by ™*CCGG; cuts C"°CGG) at
37 °C for 3 h, size fractionated by electrophoresis on a 1% agarose
gel, and Southern transferred as described above. The blot was
hybridized with a [a-**P]dCTP-labeled DNA probe. DNA probes
were PCR-amplified from SC5314 genomic DNA using primers
as described (SI Appendix).

Bisulfite Modification, PCR, Cloning, and Sequencing. The methyla-
tion status of specific genomic regions was examined by bisulfite
DNA sequencing (5). Genomic DNA (200 ng) was sonicated to an
average size of 500 bp and then subjected to bisulfite treatment
using the EZ DNA Methylation Gold Kit following the supplier’s
instructions (Zymo Research). Each bisulfite reaction included
unique unmethylated pBluescript KS(—) vector DNA to de-
termine the efficiency of bisulfite conversion. Treated DNAs were
then used for PCR amplification of different loci using primers
(81 Appendix) and amplification conditions as described (6). Pri-
mers used in PCR amplification were designed by using Meth-
Primer software (7). PCR products were size-fractionated on 1%
agarose gels in 1x TAE buffer (0.04 M Tris acetate, pH 8.3, 1 mM
EDTA), and DNA bands of the expected size were excised from
the gel. PCR products were recovered by using the QIAquick gel
extraction kit (Qiagen), cloned into vector pCR2.1-TOPO (In-
vitrogen), and transformed into E. coli TOP10 competent cells,
and individual clones were sequenced in both directions with
M13F and M13R primers at the Iowa State DNA Sequencing
Facility. Bisulfite-treated control pBluescript KS(—) vector DNA
sequencing indicated that bisulfite conversion reactions were ef-
ficient and converted all cytosine residues to uracil (SI Appendix).
Sequencing data were analyzed by using BioEdit software
(8). Logos were prepared by using WebLogo software (http://
weblogo.threeplusone.com/). DNA sequences were deposited in
the GenBank database (accession nos. ET671383-ET671921,
HQ690089, HR235325-HR235465, and JJ725187-J1725299).

RNA Extraction and Northern Blot Analysis. Total RNA was
extracted from C. albicans by using an RNeasy Mini kit following
the manufacturer’s instructions (Qiagen). RNA (15 pg) was first
size fractionated by electrophoresis on a 1% agarose gel under
denaturing conditions. The RNA samples were then transferred
to a Zeta-Probe GT nylon membrane (Bio-Rad) by using stan-
dard Northern blotting procedures. The membrane was hybrid-
ized with [a-*?P]dCTP labeled DNA probes. The probe DNA
sequences were generated by PCR amplification and purified with
Sephadex G50 columns (Amersham Biosciences).
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Fig. S1. (A) Methylated DNA preferentially binds to an MBD column. Sau3Al-digested unique in vitro methylated and unique unmethylated DNA fragments
derived from pBluescript KS(-) vector DNA were fractionated through the MBD column with a step salt gradient. DNA from each fraction and an un-
fractionated sample (c) were precipitated, separated on a 1% agarose gel by electrophoresis, and blotted to Zeta-Probe GT nylon membrane. Blots were
hybridized with probes made from the unique in vitro methylated and unique unmethylated DNA as described above. (B) Identification of enriched, meth-
ylated C. albicans DNAs. Independently cloned DNAs derived from high salt (>0.6 M) elution fractions of the MBD column were applied to duplicate nylon
membranes and were hybridized with 32P-labeled probes corresponding to unfractionated total genomic DNA or high salt (>0.6 M) eluted DNA. Enrichment is
the ratio of high salt eluted DNA to total genomic DNA signals and is normalized to a value of 1 for CEN7, an unmethylated region. Clones showing enrichment
values twofold higher than CENT were further analyzed.
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Fig. S2. Confirmation of DNA methylation in C. albicans genes using bisulfite sequencing. (A-F) Schematics are drawn to scale and are derived from
C. albicans genome sequence assembly 21 (www.candidagenome.org). Bisulfite-converted genomic DNA corresponding to the MBD-affinity enriched DNA
fragment, depicted as a filled black bar below the indicated gene, was analyzed by DNA sequencing. Sequences from independent clones were aligned in
a lollipop diagram. Cytosine, vertical lines; ™CpN, symbols as indicated.
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Fig. S3. DNA methylation in repeated DNA of C. albicans. (A) Genomic DNA from C. albicans strain SC5314 was digested with isoschizomers Dpnll (D) and
Sau3Al (S), fractionated by gel electrophoresis, blotted to a nylon membrane, and hybridized with radiolabeled probes derived from 255-rDNA, CaRE1, and LTR
Theta. (B) Genomic DNAs from C. albicans strains NUM114, WO1, and 1006 were analyzed by Southern blotting as described in A and hybridized with 255-rDNA
probe. (C and D) Validation of DNA methylation using bisulfite sequencing in 255-rDNA (C), and mtDNA rnL and mtDNA repeat sequences (D). Schematics are
drawn to the scale and are derived from C. albicans genome sequence assembly 21 (www.candidagenome.org). Bisulfite-converted genomic DNA corre-
sponding to the MBD-affinity enriched DNA fragment, depicted as a filled black bar below the indicated repeat, was analyzed by DNA sequencing. Sequences
from independent clones were aligned in a lollipop diagram. Cytosine, vertical lines; ™CpN, symbols as indicated.
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Fig. S4. DNA methylation in C. albicans occurs in both symmetric (CpG) and asymmetric (CpN) sequence contexts. (A) Relative amounts of the four ™CpN
dinucleotides were determined from bisulfite DNA sequences of 40 independent methylated DNA loci. Means (+SE) are shown. (B) Logos of 12 nucleotide
sequence contexts that are preferentially methylated; ™¢C is at the sixth position. The logos show the sequence enrichment, measured in bits, at a particular
position in the alignment of 12 nucleotides for each sequence context. The maximum sequence conservation per site is 2 bits; no preference for a nucleotide is 0.
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Fig. S5. DNA methylation is not detected at major repeat sequences (MRS) and ALS genes. Genomic DNA from C. albicans strain SC5314 was digested with
isoschizomer pairs, Dpnll (D)/Sau3Al (S) and Hpall (H)/Mspl (M), fractionated by gel electrophoresis, blotted to a nylon membrane, and hybridized with probes
derived from repeated DNA sequences. (A) Blot probed with the RPS1 region of MRS. (B) Validation that MRS eluted at 0.5 M salt using RPS1 probe. (C) Blot
probed with ALS3. (D) Blot probed with ALS4.

Mishra et al. www.pnas.org/cgi/content/short/1109631108 50of 8


www.pnas.org/cgi/content/short/1109631108

PNAS

A B
Ca21Chr2: Ca21ChrR: RPD3
2252 255 4 2256 2835 2834 2833
'/ })l r L4 L 1
1431731 — 1437283 A — 630070
r § Symbols ‘ Symbols
$ MCCpA = MECpG 2 ® MeCpA  mMeCHG
AI_I_J_I_U_II_I_LI_I_I_I_“_LILI_LI_U.UJ_LI_LI_IJ.U £
[] AMmecpT ©MeCpC H A MECPT @ MeCpC
[
- T
olog-ui it iy G int P esin r T
FiEiE GE iRt g i (e LY
| —ee v n wiwes e we e uww v Northern blots: F— T: - Northern blots:
T T TN TN T TN A T ST Opaque White .. Opaque  White
LU 0 i e 1 owwe we o i om : L B ——— T o
g o™ , o™
[=% I - 1l 0TI T O T T T - Lia
o I TR TR T W I B T T W BT W T W ) :]3_: . “* : g
. D
Ca21Chr3: FOX2
1289 1288 3071 Ca21Chr3:
i < 1 END3 GEA2 PGA44
165170 — 155057
______ : e 1
""""""""""" Tl -
RS ... SRy Symbols R i TR 294458
. me me RS T i e wwiw e Lwwwus 1
é ’ CpA T CpG 1l Ll T T T LAl ia e ung | J SymbOIs
2 AMoceT @™o | e wmn e Teneene ) [($MeCpA P ™CpPG
g T ‘, " = " ‘E_ T S N 111 N | N | UV T I —) + mBCpT ?mecpc
3 Northen biots: YT
- , Opaque White 1l Ll T Y T LAl e gl J Northern bIOtS:
r - . 1uM 100 uM
3 [} T
] i = ﬁ
g 3| v ol oo Peve g paciemeie g ]
8 o S| w ¥l i aviea B i i
O E % : g

Fig. S6. DNA methylation directs transcriptional repression dependent upon morphological phenotype or iron dosage. Schematics are drawn to scale and are
derived from C. albicans genome sequence assembly 21 (www.candidagenome.org). Bisulfite-converted genomic DNA corresponding to the MBD-affinity
enriched DNA fragment, depicted as a filled black bar below the indicated gene, was analyzed by DNA sequencing. Sequences from independent clones were
aligned in a lollipop diagram. Cytosine, vertical lines; ™CpN, symbols as indicated. (A) DNA methylation in orf19.2253 (predicted gene of unknown function)
determined by bisulfite sequencing in white and opaque cells of C. albicans strain WO1. Northern blot of total RNA from white and opaque cells probed with
orf19.2253 or TUB2 (loading control) are shown. (B) DNA methylation in orf19.2834 (RPD3) determined by bisulfite sequencing in white and opaque cells of
C. albicans strain WO1. Northern blot of total RNAs from white and opaque cells probed with RPD3 or TUB2 (loading control) are shown. (C) DNA methylation
in orf19.1288 (FOX2) determined by bisulfite sequencing in white and opaque cells of C. albicans strain WO1. Northern blot of total RNAs from white and
opaque cells probed with FOX2 or TUBZ2 (loading control) are shown. (D) DNA methylation in the GEA2 gene determined by bisulfite sequencing of DNA
derived from C. albicans strain SC5314 grown in low (1 pM) and high (100 pM) iron medium. Northern blot of total RNAs prepared from cultures grown in low
(1 pM) and high (100 pM) iron probed with GEA2 or TUB2 (loading control) are shown.
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Fig. S7. Transcriptionally repressed methylated genes show increased frequency of cytosine to thymine transitions. Schematics are drawn to scale and are
derived from C. albicans genome sequence assembly 21 (www.candidagenome.org). Sequences from independent clones are aligned. Cytosine, vertical lines;
C-to-T mutation, X; G to A mutation, circled X. (A and B) Strain SC5314 was grown for ~50 generations in low (1 pM) or high (100 uM) iron conditions. Total
genomic DNA was extracted and used in PCR to amplify RBT5 (A) and GEA2 (B) genes using proofreading Taqg DNA polymerase. Independent PCR products
were cloned into E. coli and sequenced. Biological replicates (Rep-I, Rep-Il) from two independently grown cultures were performed. (C and D) Strain WO1 was
grown as white or opaque cells for ~50 generations; total genomic DNA was extracted and used in PCR to amplify FOX2 (C) and orf19.2253 (D) genes using
proof reading Tag DNA polymerase. Independent PCR products were cloned into E. coli and sequenced. Two independent biological replicates were performed
for FOX2. (E) Mutation rates measured as base substitutions per nucleotide per generation for gene sequences derived from strains grown under the con-
ditions described above in A-D are shown. Error bars indicate SEMs.
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