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Figure S4. c-Myc (ENCFF001YJE; 6297 ChIP-seq peaks) CentriMo analysis upon de novo and JAS-
PAR motifs (see Methods) using female replicate 2 of the (ox)WGBS data51 at a 0.7 modification
threshold. (A) the CentriMo result with the c-Myc JASPAR motif in orange (logo in (B)), a top
E-box unmodified motif in blue (logo in (C)), and DREME (hydroxy)methylated motifs in red and
cyan (logos in (D) and (E), respectively). We depict the JASPAR sequence logo using MEME’s
relative entropy calculation and colouring for consistency.
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Figure S5. Strogantsev et al.38 CB9 ZFP57 (mm9 aligned; 72 592 ChIP-seq peaks) CentriMo anal-
ysis upon de novo and JASPAR motifs (see Methods) using female replicate 2 of the (ox)WGBS
data51 at a 0.7 modification threshold. (A) the CentriMo result with an expected ZFP57 modified
motif in red (logo in (B), reverse complement shown) and top unmodified motifs in purple (logo
in (C)) and blue (logo in (D)).
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Appendix A Recommendations for modified nucleobase nomenclature

Interest in different covalent DNA modifications and improvements in sequencing technologies are expected to create
a greater need for computational analyses of modified sequence data. In order to encourage standardization, we rec-
ommend symbols for various modified nucleobases (Table S1). We use lower case letters (a–z) for specific nucleobase
forms and numerals (0–9) to specify complements without any information loss. The list is not comprehensive, but
may provide guidance for those who need to select symbols for these bases. This list also reserves specific symbols
in an attempt to reduce contradictory definitions. All upper-case letters of the Latin alphabet are considered to be
reserved for allocation by IUPAC, in addition to those already specified.43 We use lower-case letters, which may have
different meanings in upper-case, since there are insufficient unassigned letters to restrict ourselves to those. Many
applications, including the current implementation of the MEME Suite, only support the Latin letters and numerals.

For any abbreviations of covalently modified nucleobases, we recommend that they be referred to as
<position><modification><base>, where <position> is the position of the modified atom, <modification> is
the modification, and <base> is the nucleobase being modified, such as “5mC”. In particular, we recommend that no
punctuation be used to demarcate the number of the atom from its modification and that the numeral always appear
before the base being modified. For example, others have occasionally abbreviated 6-methyladenine as m6A, but we
recommend the use of 6mA instead when the modification occurs in DNA rather than in RNA. This distinction in the
nomenclature of DNA vs. RNA modifications can be seen in a recent review by Chen et al.105.

The core symbols for cytosine modifications (Table 1) have been incorporated into Table S1. While we specified
a set of ambiguity codes for our usage in this work (Table 2), we do not recommend general definitions. Instead,
we suggest that the latter portions of the lower-case Latin alphabet and numerals be reserved for this purpose. This
increases the likelihood that sufficient symbols will be available within the alphanumeric alphabet for a variety of
use-cases. As implemented in this work, we recommend that ambiguity codes be assigned starting from the end of
their character set, beginning with the most equivocal ambiguity code.

Nucleobase Complement

Abbrevia-
tion

Name Symbol Name Symbol

Covalent modifications of cytosine

5mC 5-Methylcytosine m Guanine:5-Methylcytosine 1
5hmC 5-Hydroxymethylcytosine h Guanine:5-Hydroxymethylcytosine 2
5fC 5-Formylcytosine f Guanine:5-Formylcytosine 3
5caC 5-Carboxylcytosine c Guanine:5-Carboxylcytosine 4

Covalent modifications of thymine

5hmU 5-Hydroxymethyluracil g Adenine:5-Hydroxymethyluraci
5fU 5-Formyluracil e Adenine:5-Formyluracil
5caU 5-Carboxyluracil b Adenine:5-Carboxyluracil

Covalent modifications of adenine

6mA 6-Methyladenine a Thymine:6-Methyladenine

Covalent modifications of guanine

8oxoG 8-Oxoguanine o Adenine:8-Oxoguanine (mismatch)

Reserved synthetic bases

Xao Xanthosine n Cytosine:Xanthosine

Table S1. Recommendations for the nomenclature of modified nucleobases, grouped by the unmodified
nucleobase. Numeral symbols for complements are provided for some bases, to ensure they can be differ-
entiated from bases complementary to their unmodified forms. These numerals could be re-assigned for
work with other sets of covalent modifications, if necessary.
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