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S2 Text 

Fungal telomeres, like their counterparts in metazoans, are crucial for chromosome 

stability and integrity. These specialized DNA structures at the ends of chromosomes rely on 

telomerase for synthesis and a shelterin complex for protection and maintenance of telomere 

DNA. Telomerase functions by extending short DNA repeats at chromosome ends, while the 

shelterin complex acts as a guardian, protecting telomeres from degradation and preventing 

misrecognition of single-stranded telomeric repeats as DNA breaks [1, 2]. 

In mammals, the shelterin complex comprises six proteins: Trf1 and Trf2, which interact 

with double-stranded telomere DNA; Pot1, which recognizes the single-stranded G-overhang; 

and Rap1, Tin2, and Tpp1, which serve as bridging factors [3]. Some of these proteins, such as 

Tpp1, have roles in recruiting telomerase [4], while Trf1 is thought to recruit the Blm helicase to 

telomeres, aiding in unwinding G-rich structures for replication fork progression [5]. Fungi exhibit 

a notable variation in their shelterin components. For example, in Saccharomyces cerevisiae, 

Rap1 identifies telomeric dsDNA with Rif1/2 modulating its length [6], while Schizosaccharomyces 

pombe employs proteins such as Taz1 and Tpz1 without clear orthologous relationship (S2 

Appendix), illustrating the diversity and evolutionary divergence in fungal shelterin proteins [2, 

6]. This is further exemplified in the basidiomycete fungus Ustilago maydis, which has unique 

shelterin proteins such as UmTay1 and UmTrf2, with specific roles in telomere replication and 

protection, respectively [7]. 

In light of this diversity, we aimed to identify shelterin complex components in 

Cryptococcus and Kwoniella genomes, using sequences from S. cerevisiae, S. pombe, and U. 

maydis as queries. Our results indicated the presence of Pot1, Tpp1, and a Ten1-like protein in 

these species. However, other shelterin complex orthologs were not clearly identified, suggesting 

unique or divergent mechanisms for telomere length regulation and protection. 
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Complementing our shelterin analysis, we also explored the presence/absence of a set of 

152 genes known in S. cerevisiae to cause telomere shortening when deleted or when their 

expression is compromised [8, 9]. While influencing telomere dynamics, these genes also 

participate in diverse cellular functions, including DNA replication, chromatin remodeling, protein 

degradation, pre-mRNA splicing, and vesicular transport [9]. This comprehensive analysis 

showed that an average of 124 out of the 152 genes (~82%) were conserved across the species 

in our dataset. Importantly, species with “giant” chromosomes, including K. europaea, Kwoniella 

sp. B9012, K. botswanensis, and K. mangrovensis, also exhibited a similar conservation rate 

(~82.9%) (S2 Appendix). 

Given the unique and somewhat elusive nature of telomere biology in Cryptococcus and 

Kwoniella, as evidenced by our inability to identify clear orthologs for several key shelterin 

components, future research efforts will be directed towards experimentally elucidating these 

unique aspects and potentially revealing novel mechanisms of telomere maintenance that might 

be distinct from those observed in other eukaryotic organisms. 

 

References 

1. de Lange T. Shelterin-mediated telomere protection. Annu Rev Genet. 2018;52:223-47. Epub 20180912. 
doi: 10.1146/annurev-genet-032918-021921. PubMed PMID: 30208292. 

2. Torres DE, Reckard AT, Klocko AD, Seidl MF. Nuclear genome organization in fungi: from gene folding 
to Rabl chromosomes. FEMS Microbiol Rev. 2023;47(3). doi: 10.1093/femsre/fuad021. PubMed PMID: 
37197899; PubMed Central PMCID: PMCPMC10246852. 

3. Lim CJ, Cech TR. Shaping human telomeres: from shelterin and CST complexes to telomeric chromatin 
organization. Nat Rev Mol Cell Biol. 2021;22(4):283-98. Epub 20210209. doi: 10.1038/s41580-021-
00328-y. PubMed PMID: 33564154; PubMed Central PMCID: PMCPMC8221230. 

4. Wu RA, Upton HE, Vogan JM, Collins K. Telomerase Mechanism of Telomere Synthesis. Annu Rev 
Biochem. 2017;86:439-60. Epub 20170130. doi: 10.1146/annurev-biochem-061516-045019. PubMed 
PMID: 28141967; PubMed Central PMCID: PMCPMC5812681. 

5. Zimmermann M, Kibe T, Kabir S, de Lange T. TRF1 negotiates TTAGGG repeat-associated replication 
problems by recruiting the BLM helicase and the TPP1/POT1 repressor of ATR signaling. Genes Dev. 
2014;28(22):2477-91. Epub 20141024. doi: 10.1101/gad.251611.114. PubMed PMID: 25344324; 
PubMed Central PMCID: PMCPMC4233241. 



3 
 

6. Erlendson AA, Friedman S, Freitag M. A Matter of Scale and Dimensions: Chromatin of Chromosome 
Landmarks in the Fungi. Microbiol Spectr. 2017;5(4). doi: 10.1128/microbiolspec.FUNK-0054-2017. 
PubMed PMID: 28752814; PubMed Central PMCID: PMCPMC5536859. 

7. Yu EY, Zahid SS, Ganduri S, Sutherland JH, Hsu M, Holloman WK, et al. Structurally distinct telomere-
binding proteins in Ustilago maydis execute non-overlapping functions in telomere replication, 
recombination, and protection. Commun Biol. 2020;3(1):777. Epub 2020/12/18. doi: 10.1038/s42003-
020-01505-z. PubMed PMID: 33328546; PubMed Central PMCID: PMCPMC7744550. 

8. Ungar L, Yosef N, Sela Y, Sharan R, Ruppin E, Kupiec M. A genome-wide screen for essential yeast 
genes that affect telomere length maintenance. Nucleic Acids Res. 2009;37(12):3840-9. Epub 
20090422. doi: 10.1093/nar/gkp259. PubMed PMID: 19386622; PubMed Central PMCID: 
PMCPMC2709559. 

9. Askree SH, Yehuda T, Smolikov S, Gurevich R, Hawk J, Coker C, et al. A genome-wide screen for 
Saccharomyces cerevisiae deletion mutants that affect telomere length. Proc Natl Acad Sci U S A. 
2004;101(23):8658-63. Epub 20040525. doi: 10.1073/pnas.0401263101. PubMed PMID: 15161972; 
PubMed Central PMCID: PMCPMC423251. 

 


