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Figure S1 Phylogenetic relationships of characterized GH78 family α-L-rhamnosidases. The protein 

sequences were analyzed using the domain search tool on the Pfam website (Finn et al., 2016). The 

phylogenetic tree is based on the catalytic core sequences (Pfam domain PF17389). Sequence 

alignments and construction of phylogenetic trees were conducted in MEGA7 (Kumar et al., 2016) 

using the Neighbor-Joining method. The evolutionary distances were computed using the p-distance 

method. All positions with gaps were eliminated. Each sequence is labeled by its entry number (Table 

S1) and species name. A list of all entry sequences with accession numbers, substrates, and references 

can be found in Table S1. AtRha and the α-L-rhamnosidases with determined three-dimensional 

structures are labeled with geometric symbols. 
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Table S1 Characterized GH78 family α-L-rhamnosidases
1
 

Entry GenBank accession no. Species Designation Substrate
2
 References 

1 CAB53341.1 Clostridium stercorarium RamA N, H Zverlov et al. (2000) 

2 AAK16249.1 Aspergillus aculeatus NW240 RhaA N, R Manzanares et al. (2001) 

3 AAG13964.1 RhaB
3
 R, N 

4 BAB62314.1 Bacillus sp. GL1 RhaA N, G Hashimoto et al. (2003) 

5 BAB62315.1 RhaB Hashimoto et al. (2003); Cui et al. (2007) 

6 AAR96046.1 Thermomicrobia sp. PRI-1686 RhmA N, H Birgisson et al. (2004) 

7 AAR96047.1 RhmB H, N 

8 ABF50852.1 Aspergillus nidulans AN10277.3 RG Bauer et al. (2006) 

9 AAO76108.1 Bacteroides thetaiotaomicron 

VPI-5482 

– n.d. Kumaran et al. (2008); Li et al. (2018) 

10 BAF98236.1 Aspergillus kawachii Ak-RhaA N, H Koseki et al. (2008) 

11 YP_194324.1 Lactobacillus acidophilus RamA N, R, NF, NR Beekwilder et al. (2009) 

12 ACR19007.1 Lactobacillus plantarum Ram1/RhaB1 R, H, NF, NR Beekwilder et al. (2009); Ávila et al. (2009) 

13 ACR19005.1 Ram2/RhaB2 H, R, NF, NR 

14 EFL96112.1 Pediococcus acidilactici DSM 20284 Ram pNR Michlmayr et al. (2011) 

15 EFL96011.1 Ram2 RU, H 

16 CCB96437.1 Aspergillus nidulans biA1 RhaE MUR Tamayo-Ramos et al. (2012) 

17 AFH54529.1 Aspergillus terreus CCF 3059 – R Gerstorferova et al. (2012) 
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18 AFA41506.1 Alternaria sp. L1 RhaL1 N Liu et al. (2012) 

19 AFA53085.1 Xylaria polymorpha XpoGH78 pNR
4
 Nghi et al. (2012) 

20 AFN57704.1 Uncultured bacterium R_07-02 pNR Ferrer et al. (2012) 

21 AFN57707.1 R_08-01 

22 BAC68538.1 Streptomyces avermitilis NBRC 

14893 

SaRha78A R, N, H, GA Ichinose et al. (2013); Fujimoto et al. (2013) 

23 AGH13557.1 Bacterial metagenome RhaB1 R, N Rabausch et al. (2014) 

24 AHJ22585.1 Bifidobacterium breve 689b – R, H, N Zhang et al. (2015) 

25 AGS77942.1 Bifidobacterium dentium K-13 BdRham R, P, N, GRE Bang et al. (2015) 

26 AEX05711.1 Klebsiella oxytoca KCTC 1686
5
 KoRha pNR, R O’Neill et al. (2015) 

27 AGN92963.1 Aspergillus niger JMU-TS528 r-Rha1 H, R, N, M Li et al. (2016) 

28 BAU45349.1 Penicillium chrysogenum 31B PcRGRH78A RG Matsumoto et al. (2017) 

29 BAU37009.1 PcRHA78B N, R, H 

30 BAE58354.1 Aspergillus oryzae RIB40 AoRhaA H, pNR, R, N Ishikawa et al. (2017) 

1 
In chronological order. 

2 
G: gellan disaccharide [α-L-Rhap-(1→3)-β-D-Glcp]; GA: gum arabic; GRE: ginsenoside RE; H: hesperidin; M: myricetrin; MUR: 4-methylumbelliferyl α-L-

rhamnopyranoside; N: naringin; n.d.: not determined; NF: nicotiflorin; NR: narirutin; P: poncirin; pNR: p-nitrophenyl-α-L-Rhap; R: rutin; RG: releases a terminal α(1→4)-

linked L-rhamnopyranose from the nonreducing end of rhamnogalacturonan oligomers; RU: rutinose. 

3 
No match in Pfam. 

4 
Multifunctional enzyme. 

5 
Reclassified as Klebsiella michiganensis KCTC 1686 (NCBI, GenBank). 

http://d360prx.biomed.cas.cz:2082/science/article/pii/S0168165614002053
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