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Count

Read length cell1 [kbp]

Figure S1: Length distribution of PacBio subreads from one SMRT cell. The other two cells showed
similar length profiles.



Table S1: Pairwise distances between genomes of eleven species as determined by Mash dist [1].

C. matrit.

. matritensis 0
.mondav. 0.295981
ulmi 0.263022
. populi 0.263022
. kurtzm. 0.263022

.phaffii (2)  0.263022
. pastoris (2) 0.263022
. pastoris (3) 0.263022
. pseudopast.  0.263022
Ref_K. pastoris 0.263022
Ref K. phaffii 0.263022

AAARANANARANARARARO

K. mondav.

0.295981
0
0.149777
0.0554283
0.149777
0.145727
0.14383
0.145727
0.052714
0.145727
0.151946

K. ulmi
0.263022
0.149777
0
0.174408
0.0774628
0.0782587
0.0374354
0.0374354
0.167688
0.0374354
0.0786628

K. populi
0.263022
0.0554283
0.174408
0
0.159146
0.151946
0.174408
0.174408
0.0259767
0.182269
0.161822

K. kurtzm.
0.263022
0.149777
0.0774628
0.159146
0
0.0181917
0.0747985
0.0751681
0.159146
0.0751681
0.0182524

K. phaffii (2) K. pastoris (2) K. pastoris (3) K. pseudopast. Ref K.pastoris Ref K. phaffii

0.263022 0.263022 0.263022
0.145727 0.14383 0.145727
0.0782587 0.0374354 0.0374354
0.151946 0.174408 0.174408
0.0181917 0.0747985 0.0751681
0 0.0759181 0.0762985
0.0759181 0 0.00238081
0.0762985  0.00238081 O

0.156619 0.159146 0.159146
0.0770708 0.0025468 0.00274254
0.00420918 0.0774628 0.0778587

0.263022
0.052714
0.167688
0.0259767
0.159146
0.156619
0.159146
0.159146
0
0.164662
0.167688

0.263022
0.145727
0.0374354
0.182269
0.0751681
0.0770708
0.0025468
0.00274254
0.164662
0
0.0770708

0.263022
0.151946
0.0786628
0.161822
0.0182524
0.00420918
0.0774628
0.0778587
0.167688
0.0770708
0

C. matrit. = Citeromyces matritensis, K. mondav. = K. mondaviorum, K. pseudopast. = K. pseudopastoris, K. phaffii (2) = K. phaffii UWOPS 03-328y3,
K. pastoris (2) = K. pastoris DSMZ 70877, K. pastoris (3) = K. pastoris CBS 9178, Ref_K. pastoris = K. pastoris CBS 704, Ref_K. phaffii = K. phaffii CBS 7435



Table S2: Orthologs of Scheffersomyces stipitis xylose reductase (XR) in different Komagataella species.
Start and Stop refer to the nucleotide position of each gene in the genome assembly. Seq id gives the %
sequence identity of the translated ORF to the S. stipitis protein.

DNA  Seqid Protein Annotation in

Strain Contig Start Stop strand [%%6] length K. phaffii CBS 7435
K. mondaviorum CBS 15017  contigb 680262 679303 minus  68.15 319 Gre3
contig2 289047 289977 plus 36.79 309 Yprl

contigl 2254062 2254907 plus 32.39 281 PP7435_Chr2-0714
contigl 1034828 1033929 minus  30.65 299 PP7435_Chr4-0551

K. ulmi CBS 12361 contigd 1026994 1026035 minus  67.87 320 Gre3
contigl 1253391 1254320 plus 36.16 309 Yprl
contig2 1355033 1355878 plus 33.33 281 PP7435_Chr2-0714
contig4 640886 639987  minus  29.17 299 PP7435_Chr4-0551

K. populi CBS 12362 contigd 818460 819419 plus 67.62 319 Gre3
contigb 474100 473171  minus 36.8 309 Yprl
contig2 845514 844669  minus 32.7 281 PP7435_Chr2-0714
contigl 1800090 1800989  plus 29.97 299 PP7435 Chr4-0551

K. kurtzmanii CBS 12817 contig2 1412680 1411721 minus  67.54 319 Gre3
contig3 25157 26086 plus 36.36 309 Yprl

contigl 1344402 1345247 plus 33.65 281 PP7435_Chr2-0714
contig4 382089 382988 plus 29.49 299 PP7435_Chr4-0551

K. phaffii UWOPS 03-328y3  contig2 1446336 1445377 minus  67.54 319 Gre3
contigl 1235528 1236457 plus 36.99 309 Yprl
contig3 1065727 1064882 minus  33.96 281 PP7435 Chr2-0714
contigd 345894 344995  minus  29.11 299 PP7435 Chr4-0551

K. pastoris DSMZ 70877 contig3 825331 826290 plus 68.53 319 Gre3
contigl 2099022 2098093 minus  36.79 309 Yprl
contig2 1369684 1370529 plus 33.33 281 PP7435_Chr2-0714
contig4 939156 940055 plus 28.80 299 PP7435_Chr4-0551

K. pastoris CBS 9178 contig3 1027767 1026808  minus 68.2 319 Gre3
contigl 2079669 2078740 minus  36.79 309 Yprl
contig2 1336610 1335765 minus  33.33 281 PP7435_Chr2-0714
contig4 939592 940491 plus 28.80 299 PP7435_Chr4-0551

K. pseudopastoris CBS 9187  contig2 ~ 1279287 1278328 minus  67.83 319 Gre3
contig2 293297 294226 plus 37.12 309 Yprl
contigd 836018 835173  minus  32.39 281 PP7435_Chr2-0714
contigl 993828 992929  minus  29.97 299 PP7435_Chr4-0551



Table S3: Orthologs of S. stipitis xylitol dehydrogenase (XDH) in different Komagataella species. Start
and Stop refer to the nucleotide position of each gene in the genome assembly. Seq id gives the %
sequence identity of the translated ORF to the S. stipitis protein.

DNA Seqid Protein Annotation in

Strain Contig Start Stop strand [%0] length K. phaffii CBS 7435
K. mondaviorum CBS 15017  contig2 169306 170352 plus 54.25 348 Sorl
K. ulmi CBS 12361 contigl 1115051 1116097  plus 54.8 348 Sorl
K. populi CBS 12362 contigl 2634432 2633386 minus 53.7 348 Sorl
K. kurtzmanii CBS 12817 contigb 1095113 1096159  plus 54.52 348 Sorl
K. phaffii UWOPS 03-328y3  contigl =~ 1097155 1098201  plus 54.8 348 Sorl
K. pastoris DSMZ 70877 contigl 2237414 2236368 minus  54.52 409 Sorl
K. pastoris CBS 9178 contigl 2218021 2216975 minus  54.52 409 Sorl
K. pseudopastoris CBS 9187  contigl 158944 159990 plus 53.97 348 Sorl

Table S4: Orthologs of S. stipitis xylulokinase (XKS) in different Komagataella species. Start and Stop
refer to the nucleotide position of each gene in the genome assembly. Seq id gives the % sequence
identity of the translated ORF to the S. stipitis protein.

DNA  Seqid Protein Annotation in

Strain Contig  Start  SOP  gand  [%)]  length K. phaffii CBS 7435
K. mondaviorum CBS 15017 contig2 170770 172593 plus 49.76 607 Xksl
K. ulmi CBS 12361 contigl 1116531 1118348  plus 49.44 605 Xks1
K. populi CBS 12362 contigl 2632967 2631144 minus  50.08 607 Xks1
K. kurtzmanii CBS 12817 contigb 1096552 1098405  plus 49.28 617 Xksl
K. phaffii UWOPS 03-328y3 contigl 1098596 1100449 plus 49.76 617 Xksl
K. pastoris DSMZ 70877 contigl 2235937 2234120 minus  50.08 605 Xksl
K. pastoris CBS 9178 contigl 2216544 2214727 minus 50.24 605 Xksl
K. pseudopastoris CBS 9187 contigl 160409 162232 plus 49.84 607 Xksl



A)

S.stipitis CBS6054 XR
K.populi CBS12362
K.pseudopastoris CBS9187
K.mondaviorum CBS15017
K.kurtzmanii CBS12817
K.phaffii UWOPS03-328y3
K.phaffii CBS7435
K.ulmi CBS12361
K.pastoris DSMz70877
K.pastoris CBS9178
K.pastoris CBS704

S.stipitis CBS6054 XR
K.populi CBS12362
K.pseudopastoris CBS9187
K.mondaviorum CBS15017
K.kurtzmanii CBS12817
K.phaffii UWOPS03-328y3
K.phaffii CBS7435
K.ulmi_CBS12361
K.pastoris DSMz70877
K.pastoris CBS9178
K.pastoris CBS704

S.stipitis CBS6054 XR
K.populi CBS12362
K.pseudopastoris CBS9187
K.mondaviorum CBS15017
K.kurtzmanii CBS12817
K.phaffii UWOPS03-328y3
K.phaffii CBS7435
K.ulmi_CBS12361
K.pastoris DSMz70877
K.pastoris CBS9178
K.pastoris CBS704

S.stipitis CBS6054 XR
K.populi CBS12362
K.pseudopastoris CBS9187
K.mondaviorum CBS15017
K.kurtzmanii CBS12817
K.phaffii UWOPS03-328y3
K.phaffii CBS7435
K.ulmi CBS12361
K.pastoris DSMz70877
K.pastoris CBS9178
K.pastoris CBS704

S.stipitis CBS6054 XR
K.populi CBS12362
K.pseudopastoris CBS9187
K.mondaviorum CBS15017
K.kurtzmanii CBS12817
K.phaffii UWOPS03-328y3
K.phaffii CBS7435
K.ulmi CBS12361
K.pastoris DSMz70877
K.pastoris CBS9178
K.pastoris_CBS704

S.stipitis CBS6054 XR
K.populi CBS12362
K.pseudopastoris CBS9187
K.mondaviorum CBS15017
K.kurtzmanii CBS12817
K.phaffii_ UWOPS03-328y3
K.phaffii_ CBS7435
K.ulmi CBS12361
K.pastoris DSMZ70877
K.pastoris CBS9178
K.pastoris CBS704

-MPSIKLNSGYDMPAVGFGCWKVDVDTCSEQIYRAIKTGYRLFDGAEDYANEKLVGAGVK
MASVLKLNNGLKLPQVGLGVWKIPNELTAETVYNAIKQGYRLFDGAEDYGNEKEVGQGVR
MASVLKLNNGLKLPQVGLGVWKIPNELTAETVYNAIKQGYRLEFDGAEDYGNEKEVGQGVR
MASLLTLNNGLKLPQVGLGVWKIPNELTAETVYNAIKQGYRLFDGAEDYGNEKEVGQGVR
MATLLKLNNGLKLPQVGLGVWKIPNELTAETVYNAIKQGYRLFDGAEDYGNEKEVGQGVR
MATLLKLNNGLKLPQVGLGVWKIPNELTAETVYNAIKQGYRLFDGAEDYGNEKEVGQGVR
MATLLKLNNGLKLPQVGLGVWKIPNELTAETVYNAIKQGYRLFDGAEDYGNEKEVGQGVR
MASLLKLNNGLKLPQVGLGVWKIPNELTAETVYNAIKQGYRLFDGAEDYGNEKEVGQGVR
MATLLKLNNGLKLPQVGLGVWKIPNELTAETVYNAIKQGYRLFDGAEDYGNEKEVGQGVR
MATLLKLNNGLKLPQVGLGVWKIPNELTAETVYNAIKQGYRLFDGAEDYGNEKEVGQGVR
MATLLKLNNGLKLPQVGLGVWKIPNELTAETVYNAIKQGYRLEFDGAEDYGNEKEVGQGVR

. KKk K ek Kk ek Kk . . ek ek kkk kkhkkkkhkkhkAhkAhkAhkkhkKk Kkkk Kk KKk

KAIDEGIVKREDLFLTSKLWNNYHHPDNVEKALNRTLSDLQVDYVDLFLIHFPVTFKEVP
KAIDEGIVKREDLFIVSKLWNNYHHPDNVEKGLDRTLSDLGLDYLDLFYIHFPIAFKEVP
KAIDEGIVKREDLFIVSKLWNNYHHPDNVEKALDRTLSDLGLDYLDLFYIHFPIAFKEVP
KAIDEGIVKREDLFIVSKLWNNYHHPDNVGKALDRTLSDLGLDYLDLFYIHFPIAFKEVP
RAIDEGLVKREDLFIVSKLWNNYHHPDNVGKALDRTLSDLGLDYLDLFYIHFPIAFKEVP
RAIDEGLVKREDLFIVSKLWNNYHHPDNVGKALDRTLSDLGLDYLDLFYIHFPIAFKEVP
RAIDEGLVKREDLFIVSKLWNNYHHPDNVGKALDRTLSDLGLDYLDLFYIHFPIAFKEVP
KAIDEGLVKREDLFIVSKLWNNYHHPDNVAKALDRTLSDLGLDYLDLYYIHFPIAFKEVP
KAIDEGLVKREDLFIVSKLWNNYHHPDNVAKALDRTLSDLGLDYLDLYYIHFPIAFKEVP
KAIDEGLVKREDLFIVSKLWNNYHHPENVAKALDRTLSDLGLDYLDLYYIHFPIAFKEVP
KAIDEGLVKREDLFIVSKLWNNYHHPENVAKALDRTLSDLGLDYLDLYYIHFPIAFKEVP

skhkhkhk ke hkhkhkhkhkhkke K hhkhkhkhkhhhkokhkkh K Kokkhhhhkk oshkkokhkkho K khkkhkookhkhhhk

LEEKYPPGEFYCGKGDNFDYEDVPILETWKALEKLVKAGKIRSIGVSNFPGALLLDLLRGA
LEEKYPPGFYCGDGDNFHYEDVPLIDTYRALEKLVDAGKIKSLGVSNFTGALLODLLRGA
LEEKYPPAFYCGDGDNFHYEDVPLIDTYRALEKLVDAGKIKSLGVSNFTGALLODLLRGA
LEEKYPPAFYCGDGNNFHYEDVPLSDTYRALEKLVDAGKIRSLGVSNEFNGALLQDLLRGV
LEEKYPPAFYCGDGNNFHYEDVPLLDTYRALERLVDAGRIKSLGVSNEFNGALLQDLLRGA
LEEKYPPAFYCGDGNNFHYEDVPLLDTYRALERLVDAGRIKSLGVSNENGALLQDLLRGA
LEEKYPPAFYCGDGNNFHYEDVPLLDTYRALERLVDAGRIKSLGVSNENGALLQDLLRGA
LEEKYPPGEFYCGDGNKFHYEDVPLLDTYRALEKLVDAGRIKSLGVSNEFNGALLQDLLRGA
LEEKYPPGEFYCGDGNNFHYEDVPLLDTYRALEKLVDAGRIKSLGVSNFNGALLQDLLRGA
LEEKYPPGFYCGDGNNFHYEDVPLLDTYRALEKLVDAGRIKSLGVSNENGALLODLLRGA
LEEKYPPGFYCGDGNNFHYEDVPLLDTYRALEKLVDAGRIKSLGVSNENGALLODLLRGA

khkkkkkk khkkk ke ok kkkkko.o ek e ekhkkoekk kkoekokoekkhkhkkhkk khkkk Kk kkKk

TIKPSVLOQVEHHPYLQQOPRLIEFAQSRGIAVTAYSSFGPQSFVELNQGRALNTSPLFENE
RIRPAALQIEHHPYLVQONLIDYAQSEDIVVVAYSSFGPQSFLELKFTRALDAVSLEFEHD
RIKPAALQIEHHPYLVQONLIDYAQSEDIVVVAYSSFGPQSFLELKLTRALDAVSLFEHD
RIKPVALQIEHHPYLVQONLIEYAQSEDIVVVAYSSFGPQSFLELNVTKALNAVSLFEHD
RIKPVALQIEHHPYLVQOKLIEYAQSEDIVVVAYSSFGPQSFLELKVNKALTAVSLEFEHD
RIKPVALQIEHHPYLVQOKLIEYAQSEDIVVVAYSSFGPQSFLELKVNKALTAVSLEFEHD
RIKPVALQIEHHPYLVQQOKLIEYAQSEDIVVVAYSSFGPQSFLELKVNKALTAVSLFEHD
RIKPVALQIEHHPYLVQQOKLIEYAQSEDIVVVAYSSFGPQSFLELKVNKALTAVSLFEHD
RIKPVALQIEHHPYLVQOKLIEYAQSEDIVVVAYSSFGPQSFLELKVNKALTAVSLEFEHD
RIKPVALQIEHHPYLVQOKLIEYAQSEDIVVVAYSSFGPQSFLELKVNKALTAVSLEFEHD
RIKPVALQIEHHPYLVQOKLIEYAQSEDIVVVAYSSFGPQSFLELKVNKALTAVSLEFEHD

* o Kk *k e kkkkkk Kk *k oo o kk Kk * ok kkkkkkkkkk o kko. ek k. *kk oo o

TIKAIAAKHGKSPAQVLLRWSSQRGIAITIPKSNTVPRLLENKDVNSFDLDEQDFADIAKL
TIKRIAQSHNRSTGEVLLRWATQRGLAVIPKSSKPDRLLSNLHVDSFDLTKEDLEAISAL
TIKRIAQSHNRSTGEVLLRWATQRGLAVIPKSSKPDRLTSNLHIDSFDLTKEDLEAISAL
TIKQIAQAHNRSAGEVLLRWATQRGLAIIPKSSKPDRLTSNLHINSFDLTKEDLEAISSL
VIKKIAQAHNRSAGEVLLRWATQRGLAIIPKSSKPERLSSNLHINSFDLTKEDLETISSL
VIKKIAQAHNRSAGEVLLRWATQRGLAIIPKSSKPERLSSNLHINSFDLTKEDLETISSL
VIKKIAQAHNRSAGEVLLRWATQRGLAIIPKSSKPERLSSNLHINSFDLTKEDLETISSL
VIKKIAQAHNRSAGEVLLRWATQRGLAIIPKSSKPERLTSNLHINSFDLTQEDLETISSL
VIKKIAQAHNKSAGEVLLRWATQRGLAIIPKSSKPERLTSNLHINSFDLTQEDLETISSL
VIKKIAQAHNKSAGEVLLRWATQRGLAIIPKSSKPERLTSNLHINSFDLTQEDLETISSL
VIKKIAQAHNKSAGEVLLRWATQRGLAIIPKSSKPERLTSNLHINSEFDLTQEDLETISSL

LKk kk ok ek akkkkk s skkk ek kkkk | Ak ks e kkkk sake k. ok
DINLREFNDPWDWDKIPIFV* 318
DLGLRENDPWDWNKIPTFA* 319
DLGLRENDPWDWNKIPIFA* 319
NLGLRENDPWDWDKIPIFA* 319
DLGLREFNDPWDWDKIPIFA¥* 319
DLGLRENDPWDWDKIPIFA* 319
DLGLRENDPWDWDKIPIFA* 319
DLGLRENDPWDWDKIPIFA* 319
DLGLRENDPWDWDKIPIFA* 319
DLGLRENDPWDWDKIPIFA* 319
DLGLRENDPWDWDKIPIFA* 319

ee KAk hkAk Ak Ak Ak kKo kkk Kx K

59
60
60
60
60
60

60
60
60
60

119
120
120
120
120
120
120
120
120
120
120

179
180
180
180
180
180
180
180
180
180
180

239
240
240
240
240
240
240
240
240
240
240

299
300
300
300
300
300
300
300
300
300
300



B)

S.stipitis CBS6054 XDH
K.pseudopastoris CBS9187
K.mondaviorum CBS15017
K.populi CBS12362
K.ulmi CBS12361
K.pastoris DSMz70877
K.pastoris CBS9178
K.pastoris CBS704
K.kurtzmanii CBS12817
K.phaffii UWOPS03-328y3
K.phaffii CBS7435

S.stipitis CBS6054 XDH
K.pseudopastoris CBS9187
K.mondaviorum CBS15017
K.populi CBS12362
K.ulmi CBS12361
K.pastoris DSMz70877
K.pastoris CBS9178
K.pastoris CBS704
K.kurtzmanii CBS12817
K.phaffii UWOPS03-328y3
K.phaffii CBS7435

S.stipitis CBS6054 XDH
K.pseudopastoris CBS9187
K.mondaviorum CBS15017
K.populi CBS12362
K.ulmi CBS12361
K.pastoris DSMz70877
K.pastoris CBS9178
K.pastoris CBS704
K.kurtzmanii CBS12817
K.phaffii UWOPS03-328y3
K.phaffii CBS7435

S.stipitis CBS6054 XDH
K.pseudopastoris CBS9187
K.mondaviorum CBS15017
K.populi CBS12362
K.ulmi CBS12361
K.pastoris DSMz70877
K.pastoris CBS9178
K.pastoris CBS704
K.kurtzmanii CBS12817
K.phaffii UWOPS03-328y3
K.phaffii CBS7435

S.stipitis CBS6054 XDH
K.pseudopastoris CBS9187
K.mondaviorum CBS15017
K.populi CBS12362
K.ulmi CBS12361
K.pastoris DSMz70877
K.pastoris_CBS9178
K.pastoris_CBS704
K.kurtzmanii CBS12817
K.phaffii UWOPS03-328y3
K.phaffii CBS7435

S.stipitis CBS6054 XDH
K.pseudopastoris CBS9187
K.mondaviorum CBS15017
K.populi CBS12362
K.ulmi CBS12361
K.pastoris DSMz70877
K.pastoris CBS9178
K.pastoris CBS704
K.kurtzmanii CBS12817
K.phaffii UWOPS03-328y3
K.phaffii_ CBS7435

MLLVFFTSDDCAGLKNSCIPEKLSQTYVPHVIPSSSTKEFKTYSLPNNLSLFPLYFIHYR
MLLVFFTSDDCAGLKNSCIPEKLSQTYVPHVIPSSSTKEFKTYSLPNNLSLFPLYFIHYR
MLLVFFTSDDCAGLKNSCIPEKLSQTYVPHVIPSSSTKEFKTYSLPNNLSLFPLYFIHYR

-MTANPSLVLNKIDDISFETYDAPEISEPTDVLVQVKKTGICGSDIHFYAHGRIGNFVLT
-MSGNPSVVLKKVNEIVIEDRPVPDIADPHYVKIAIKKTGICGSDVHEFYTDGCCGSFKLE
-MSDNPSVILKKVNEIVIEDRPVPDIADPHYVKIAIKKTGICGSDVHEFYTDGCCGSFKLE
-MSDNPSVVLKKVNEIVIEDRPVPDIADPHYVKIAIKKTGICGSDVHEFYTDGCCGSFKLE
-MSDNPSVVLKKINEIVIEDRPIPAVEDPHYVKIAIKKTGICGSDVHEYTDGCCGSFKLE
NMSDNPSVVLKKINEIVIEDRPIPAIEDPHYVKIATIKKTGICGSDVHFYTDGCCGSFKLE
NMSDNPSVVLKKINEIVIEDRPIPAIEDPHYVKIATIKKTGICGSDVHFYTDGCCGSFKLE
NMSDNPSVVLKKINEIVIEDRPIPATIEDPHYVKVAIKKTGICGSDVHEYTDGCCGSFKLE
-MSDNPSVILKKISEIVIEDRPIPATEDPHYVKIAIKKTGICGSDVHEYTDGCCGSFKLE
—-MSDNPSVILKRINEIVIEDRPIPAIEDPHYVKIATIKKTGICGSDVHFYTDGCCGSFKLE
—-MSDNPSVILKRINEIVIEDRPIPAIEDPHYVKIAIKKTGICGSDVHFYTDGCCGSFKLE

Ko Kk Kk e eokoe oo ek ek K. .-k * ekkkkhkkhkkhkkhkkkokkhkko K * Kk K

KPMVLGHESAGTVVQVGKGVTSLKVGDNVAIEPGIPSREFSDEYKSGHYNLCPHMAFAATP
SPMVLGHESSGIVVEVGSEVKSLKVGDKVACEPGIPSRYSDAYKSGHYNLCPEMAFAATP
SPMVLGHESSGIVVEVGSEVKSLKVGDKVACEPGIPSRYSDAYKSGHYNLCPEMAFAATP
SPMVLGHESSGIVVEVGSEVKSLKVGDKVACEPGIPSRYSGAYKSGHYNLCPEMAFAATP
SPMVLGHESAGIVVEVGSDVKSLKVGDKVACEPGIPSRYSNAYKSGHYNLCPEMAFAATP
SPMVLGHESAGIVVEVGSDVKSLKVGDKVACEPGIPSRYSNAYKSGHYNLCPEMAFAATP
SPMVLGHESAGIVVEVGSDVKSLKVGDKVACEPGIPSRYSNAYKSGHYNLCPEMAFAATP
SPMVLGHESAGIVVEVGSDVKSLKVGDKVACEPGIPSRYSNAYKSGHYNLCPEMAFAATP
SPMVLGHESAGIVVEVGSEVKSLKIGEKVACEPGIPSRYSNAYKSGHYNLCPEMAFAATP
SPMVLGHESAGIVVEVGSEVKSLRVGDKVACEPGIPSRYSNAYKSGHYNLCPEMAFAATP
SPMVLGHESAGIVVEVGSEVKSLRVGDKVACEPGIPSRYSNAYKSGHYNLCPEMAFAATP

khkkkkkkk ok kkokk Kk kk e eke okk khkkkkkk ok khkkkkkkkkk kkkkkkk

NSKEGEPNPPGTLCKYFKSPEDFLVKLPDHVSLELGALVEPLSVGVHASKLGSVAFGDYV

P-——————- IDGTLCRYYLLPEDFCVKLPEHVSLEEGALVEPLSVAVHAARLAKITEFGDSV
Pp-—————- IDGTLCRYFLLPEDFCVKLPEHVSLEEGALVEPLSVAVHAARLAKITEGDSV
P IDGTLCRYYLLPEDFCVKLPEHVSLEEGALAEPLSVAVHAARLAKITEGDSV
P——————- IDGTLCRYYLLPEDFCVKLPDHVSLEEGALVEPLSVAVHAARLAKITFGDSV
P-——————- IDGTLCRYYLLPEDFCVKLPGHVSLEEGALVEPLSVAVHAARLAKITEFGDSV
Pp-————- IDGTLCRYYLLPEDFCVKLPGHVSLEEGALVEPLSVAVHAARLAKITEGDSV
Pp-————- IDGTLCRYYLLPEDFCVKLPGHVSLEEGALVEPLSVAVHAARLAKITEGDSV
P-——————- IDGTLCRYFLLPEDFCVKLPEHVSLEEGALVEPLSVAVHAARLAKITEFGDSV
P-——————- IDGTLCRYFLLPEDFCVKLPEHVSLEEGALVEPLSVAVHAARLAKITFGDSV
P-——————- IDGTLCRYFLLPEDFCVKLPEHVSLEEGALVEPLSVAVHAARLAKITFGDSV

*hkkk o ko khkkk kkkk kkkkk kkk kkkkk kkk . ok e ek kK K

AVFGAGPVGLLAAAVAKTFGAKGVIVVDIFDNKLKMAKDIGA-ATHTFNSKTGGSEELIK
VVFGAGPVGLLVAATARAYGATSVLIVDISDDKLTLAKDTLKVATQSFNS-KNGMDNLAD
VVFGAGPVGLLVAATARAYGATSVLIVDISDDKLTLAKDTLKVATQSENS-KNGMDNLSD
VVFGAGPVGLLVAATARAYGATSVLIVDISDDKLTLAKDTLKVATQSENS-KNGMDNLAD
VVFGAGPVGLLVAATARAYGATKVLIVDIFDDKLTLATDTLHVATHSYNS-KNGMGNLLE
VVFGAGPVGLLVAATARAYGATKVLIVDIFDDKLTLATDTLHVATNSYNS-KNGMDNLLE
VVFGAGPVGLLVAATARAYGATKVLIVDIFDDKLTLATDTLHVATNSYNS-KNGMDNLLE
VVFGAGPVGLLVAATARAYGATKVLIVDIFDDKLTLATDTLHVATNSYNS-KNGMDNLLE
VVFGAGPVGLLVAATARAYGATNVLIVDIFDDKLTLAKDTLQVATHSFNS-KNGMDNLLE
VVFGAGPVGLLVAATAKAYGATNVLIVDIFDDKLTLAKDTLQVATHSFNS-KNGMDNLLE
VVFGAGPVGLLVAATARAYGATNVLIVDIFDDKLTLAKDTLQVATHSENS-KNGMDNLLE
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AFGGNVPNVVLECTGAEPCIKLGVDAIAPGGREFVQVGNAAG-PVSFPITVFAMKELTLFG
ALEGKRPNISIDCTGVESCIAAGIKALAPRGIHVQVGMGKAEYNKFPLGLVCEKECTVEG
ALEGKHPNVSIDCTGVESCIAAGIKALAPRGIHVQVGMGKAEYNNFPLGLICEKECTVKG
ALEGKHPNISIDCTGVESCIAAGIKALAPRGIHVQVGMGKAEYNNFPLGLICEKECTVKG
SFEGKRPNVSIDCTGVESCIAAGINALAPRGVHVQVGMGKSEYNNFPLGVICEKECIVKG
SFEGKHPNVSIDCTGVESCIAAGINALAPRGVHVQVGMGKSEYNNFPLGVICEKECIVKG
SFEGKHPNVSIDCTGVESCIAAGINALAPRGVHVQVGMGKSEYNNFPLGVICEKECIVKG
SFEGKHPNVSIDCTGVESCIAAGINALAPRGVHVQVGMGKSEYNNFPLGVICEKECIVKG
SFEGKHPNVSIDCTGVESCIAAGINALAPRGVHVQVGMGKSEYNNFPLGLICEKECIVKG
SFEGKHPNVSIDCTGVESCIAAGINALAPRGVHVQVGMGKSEYNNFPLGLICEKECIVKG
SFEGKHPNVSIDCTGVESCIAAGINALAPRGVHVQVGMGKSEYNNFPLGLICEKECIVKG
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297
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352
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S.stipitis CBS6054_ XDH
K.pseudopastoris CBS9187
K.mondaviorum CBS15017
K.populi CBS12362
K.ulmi CBS12361
K.pastoris DSMz70877
K.pastoris CBS9178
K.pastoris CBS704
K.kurtzmanii CBS12817
K.phaffii UWOPS03-328y3
K.phaffii CBS7435

S.stipitis CBS6054 XDH
K.pseudopastoris CBS9187
K.mondaviorum CBS15017
K.populi CBS12362
K.ulmi CBS12361
K.pastoris DSMz70877
K.pastoris CBS9178
K.pastoris CBS704
K.kurtzmanii CBS12817
K.phaffii_ UWOPS03-328y3
K.phaffii CBS7435

C)

S.stipitis CBS6054 XKS
K.mondaviorum CBS15017
K.populi CBS12362
K.pseudopastoris CBS9187
K.kurtzmanii CBS12817
K.phaffii UWOPS03-328y3
K.phaffii CBS7435
K.ulmi CBS12361
K.pastoris DSMz70877
K.pastoris CBS9178
K.pastoris CBS704

S.stipitis CBS6054 XKS
K.mondaviorum CBS15017
K.populi CBS12362
K.pseudopastoris CBS9187
K.kurtzmanii CBS12817
K.phaffii UWOPS03-328y3
K.phaffii CBS7435
K.ulmi CBS12361
K.pastoris DSMz70877
K.pastoris CBS9178
K.pastoris CBS704

S.stipitis CBS6054 XKS
K.mondaviorum CBS15017
K.populi CBS12362
K.pseudopastoris CBS9187
K.kurtzmanii CBS12817
K.phaffii UWOPS03-328y3
K.phaffii CBS7435
K.ulmi CBS12361
K.pastoris DSMZz70877
K.pastoris CBS9178
K.pastoris_CBS704

S.stipitis CBS6054 XKS
K.mondaviorum CBS15017
K.populi CBS12362
K.pseudopastoris CBS9187
K.kurtzmanii CBS12817
K.phaffii_ UWOPS03-328y3
K.phaffii_ CBS7435
K.ulmi CBS12361
K.pastoris DSMz70877
K.pastoris CBS9178
K.pastoris CBS704

SFRYGENDYKTAVGIFDTNYQONGRENAPIDFEQLITHRYKFKDAIEAYDLVRAGKGAVKC

VFRYCYNDYNLAVELIAS-———-=-==— GKVDVKGVVTHRFKFTDSVDAYETVKQGK-AIKA
VFRYCYNDYNLAVELIAS-———----— GKVDVKGLVTHRFKFTESVDAYETVKQGK-AIKA
VFRYCWNDYNLAVELIAS-———---—— GKVDVKGLVTHRFKFTDSVDAYETVKQGK-AIKA
VFRYCYNDYNLAVELIAS-——-—----— GKVEVKGLVTHRFKFTEAVDAYETVRQGK-AIKA
VFRYCYNDYNLAVELIAS-——-—----— GKVEVKGLVTHRFKFTEAVDAYETVRQGK-AIKA
VFRYCYNDYNLAVELIAS-———---—— GKVEVKGLVTHRFKFTEAVDAYETVRQGK-AIKA
VFRYCYNDYNLAVELIAS-———---—— GKVEVKGLVTHRFKFTEAVDAYETVRQGK-AIKA
VFRYCYNDYNLAVELIAS-——-—--=-— GKVEVKGLVTHRFKFTEAVDAYETVRQGK-AIKA
VFRYCYNDYNLAVELIAS-———---=-— GKVEVKGLVTHRFKFTEAVDAYETVRQGK-AIKA

VFRYCYNDYNLAVELIAS-——-—----— GKVEVKGLVTHRFKFTEAVDAYDTVRQGK-AIKA
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LIDGPE* 363
IIDGPE* 348
IIDGPE* 348
MIDGPE* 348
IIDGPE* 348
IIDGPE* 409
IIDGPE* 409
IIDGPE* 409
IIDGPE* 348
IIDGPE* 348
IIDGPE* 348
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————————— MTTTPFDAPDKLFLGFDLSTQQLKIIVT-DENLAALKTYNVEFDSINSSVQ
____________ MTESVPNALYLGFDLSTQQLKITSFEGCSLTHFRTYRVDFDKELSSYG
____________ MSESVPNALYLGFDLSTQQLKITSFEGCSLTHFRTYRVDFDKEMSSYG
____________ MSESVPDALYLGFDLSTQQLKITSFEGCSLTHFRTYRVDFDEELSSYG
MVTKEIQNRDSALTESVPNDLYLGFDLSTQQLKITSFEGRSLTHFKTYRVDFDEELSVYG
MVTKEIQNRDSALTESVPNDLYLGFDLSTQQLKITSFEGRSLTHFKTYRVDFDEELSVYG
MVTKEIQNRDSALTESVPNDLYLGFDLSTQQLKITSFEGRSLTHFKTYRVDFDEELSVYG
____________ MSDSVPSDLYLGFDLSTQQLKITSFEGRSLTHFKTYRVDFDEELSVYG
____________ MSALVPSDLYLGFDLSTQQLKITSFEGRSLTHFKTYRVDFDEELSAYG
____________ MSALVPSDLYLGFDLSTQQLKITSFEGRSLTHFKTYRVDFDEELSAYG
____________ MSALVPSDLYLGFDLSTQQLKITSFEGRSLTHFKTYRVDFDEELSAYG

* * e kkkkkkkkkkkk * . e ek kK. kK *

—-—-KGVIAINDEISKGAIISPVYMWLDALDHVFEDMKKDGFPEFNKVVGISGSCQQHGSVYW
INNGVY---VTEESGEINAPVAMWIEALDLIFSKMQEDNFPFRNVKGMSGSCQQHGSVYW
INNGVH---VTEETGEINAPVAMWIEALDLIFSKMOKDNEFPEFRNVKGMSGSCQQHGSVYW
INNGVY---VTEETGEINAPVAMWIEALDLIFSKMOKDNEFPFRNVKGMSGSCQQHGSVYW
INNGVY---VNEETGEINAPVAMWVEALDLIFSKMQOKDKFPFGNVKGMSGSCQQHGSVYW
INNGVY---VNEETGEINAPVAMWVEALDLIFSKMQOKDKFPFGNVKGMSGSCQQHGSVYW
INNGVY---VNEETGEINAPVAMWVEALDLIFSKMOKDKFPFGIVKGMSGSCQQHGSVYW
IKNGVY---VNEETGEINAPVAMWIEALDLIFSKMOMDKEFPFGNVKGMSGSCQQHGSVYW
IKNGVY---VNEEIGEINAPVAMWIEALDLIFSKMQKDKFPFGNVKGMSGSCQQHGSVYW
IKNGVY---VNEEIGEINAPVAMWIEALDLIFSKMOQKDKFPFGNVKGMSGSCQQHGSVYW
IKNGVY---VNEEIGEINAPVAMWIEALDLIFSKMOKDKFPFGNVKGMSGSCQQHGSVYW
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SRTAEKVLSELDAESSLSSQM-RSAFTFKHAPNWODHSTGKELEEFERVIGA-DALADIS
SNDAPDLLSSLSPSKDLKSQLCPEAFTFEMSPNWODHSTGEELEIFERKAGSPDKLSKIT
SKDAPDLLSSLSSSKDLKSQLCPEAFTFEMSPNWODHSTVEELEIFERKAGSPDKLSKIT
SKDAPDFLSSLSSSKDLKSQLCPEAFTFGMSPNWQDHSTGEELEIFERKAGSPDKLSKIT
SKDAPDLLSSLSPSKDLKSQLCPKAFTFEKSPNWODHSTGEELEIFERKAGSPENLSKIT
SKDAPDLLSSLSPSKDLKSQLCPKAFTFEKSPNWODHSTGEELEIFERKAGSPENLSKIT
SKDAPDLLSSLSPSKDLKSQLCPKAFTFEKSPNWQODHSTGEELEIFERKAGSPENLSKIT
SKYAPDLLSSLSPLKDLKSQLCPKAFTFEKSPNWQDHSTGEELEIFERKAGSPENLSKIT
SKDAPDLLSSLSPLKDLKSQLCPKAFTFEKSPNWODHSTGEELEIFERKAGSPENLSKIT
SKDAPDLLSSLSPLKDLKSQLCPKAFTFEKSPNWODHSTGEELEIFERKAGSPENLSKIT
SKDAPDLLSSLSPLKDLKSQLCPKAFTFEKSPNWQDHSTGEELEIFERKAGSPENLSKIT
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GSRAHYRFTGLQIRKLSTRFKPEKYNRTARISLVSSFVASVLLGRITSIEEADACGMNLY
GSRAHYRFTGPQIRKLAKRVNPELYKKTYRISLISSFLSSLLCGKITKIEESDGCGMNIY
GSRAHYRFTGPQIRKLAKRVNPEQYKKTYRISLISSFLSSLLCGRITKIEESDGCGMNIY
GSRAHYRFTGPQIRKLAKRVNPEQYKKTYRISLISSFLSSLLCGKITKIEESDGCGMNIY
GSRAHYRFTGSQIRKLAKRVNPELYKETYRISLISSFLSSLLCGKITKIEESDGCGMNIY
GSRAHYRFTGSQIRKLAKRVNPELYKETYRISLISSFLSSLLCGKITKIEESDGCGMNIY
GSRAHYRFTGSQIRKLAKRVNPELYKETYRISLISSFLSSLLCGRITKIEESDGCGMNIY
GSRAHYRFTGSQIRKLAKRVNPELYKETYRISLISSFLSSLLCGKITKIEESDGCGMNIY
GSRAHYRFTGSQIRKLAKRVNPELYKETYRISLISSFLSSLLCGKITKIEESDGCGMNIY
GSRAHYRFTGSQIRKLAKRVNPELYKETYRISLISSFLSSLLCGKITKIEESDGCGMNIY
GSRAHYRFTGSQIRKLAKRVNPELYKETYRISLISSFLSSLLCGKITKIEESDGCGMNIY
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S.stipitis CBS6054_ XKS
K.mondaviorum CBS15017
K.populi CBS12362
K.pseudopastoris CBS9187
K.kurtzmanii CBS12817
K.phaffii UWOPS03-328y3
K.phaffii CBS7435
K.ulmi CBS12361
K.pastoris DSMz70877
K.pastoris CBS9178
K.pastoris CBS704

S.stipitis CBS6054_ XKS
K.mondaviorum CBS15017
K.populi CBS12362
K.pseudopastoris CBS9187
K.kurtzmanii CBS12817
K.phaffii_ UWOPS03-328y3
K.phaffii CBS7435
K.ulmi CBS12361
K.pastoris DSMz70877
K.pastoris CBS9178
K.pastoris CBS704

S.stipitis CBS6054_ XKS
K.mondaviorum CBS15017
K.populi CBS12362
K.pseudopastoris CBS9187
K.kurtzmanii CBS12817
K.phaffii_ UWOPS03-328y3
K.phaffii CBS7435
K.ulmi CBS12361
K.pastoris DSMz70877
K.pastoris CBS9178
K.pastoris CBS704

S.stipitis CBS6054 XKS
K.mondaviorum CBS15017
K.populi CBS12362
K.pseudopastoris CBS9187
K.kurtzmanii CBS12817
K.phaffii UWOPS03-328y3
K.phaffii CBS7435
K.ulmi CBS12361
K.pastoris DSMz70877
K.pastoris CBS9178
K.pastoris CBS704

S.stipitis CBS6054 XKS
K.mondaviorum CBS15017
K.populi CBS12362
K.pseudopastoris CBS9187
K.kurtzmanii_ CBS12817
K.phaffii UWOPS03-328y3
K.phaffii CBS7435
K.ulmi CBS12361
K.pastoris_DSMz70877
K.pastoris_CBS9178
K.pastoris CBS704

S.stipitis CBS6054_ XKS
K.mondaviorum CBS15017
K.populi CBS12362
K.pseudopastoris CBS9187
K.kurtzmanii_ CBS12817
K.phaffii UWOPS03-328y3
K.phaffii CBS7435
K.ulmi CBS12361
K.pastoris DSMz70877
K.pastoris CBS9178
K.pastoris CBS704

DIEKREFNEELLATAAGVHPELDGVEQDGEIYRAGINELKRKLGPVKPITYESEGDIASY
DIQONSKYDENLLAISAAVDPEIDGATEDE--RQKGVTELKNKLODLEPVGYHSIGSISAY
DIONSKYDEDLLAISAAVDPEIDGATEVE--REQGVTELKNKLQDLEPVGYHSIGSISAY
DIQONSKYDEDLLAISAAVDPEIDGATEDE--RQQGVTELKNKLODLEPVGYHSIGSISAY
DIQNSRYDEDLLAVTAAVDPEIDGATEHE--RQEGVARLKDKLODLEPVGFRSIGTISAY
DIQNSRYDEDLLAVTAAVDPEIDGATEHE--RQEGVARLKDKLODLEPVGYRSIGTIAAY
DIONSRYDEDLLAVTAAVDPEIDGATEHE--RQEGVARLKDKLODLEPVGYRSIGTIAAY
DIONSRYSEELLAVTAAVDPEIDGATEDE--RQEGVARLKDKLODLEPVGYRSIGSISAY
DIQNSRYSEDLLAVTAAVDPKIDGATEDE--RREGVARLKDKLODLEPVGYRSIGSISAY
DIQNSRYSEDLLAVTAAVDPEIDGATEDE--RREGVARLKDKLODLEPVGYRSIGSISAY
DIONSRYSEDLLAVTAAVDPEIDGATEDE--RREGVARLKDKLOQDLEPVGYRSIGSISAY

Kk e . e Kkekkkoe ok Kk ke ookKk . * . R ek . ek kK ke ek

FVTRYGFNPDCKIYSFTGDNLATIISLPLAPNDALISLGTSTTVLIITKNYAPSSQYHLF
FVEKYGFSSDTKVEFSFTGDNLATILSLPLHNDDILVSLGTSTTVLLVTETYWPNPNYHVE
FVEKYGFSSDAKVFSFTGDNLATILSLPLHNDDVLVSLGTSTTVLLVTETYWPNPNYHVFEF
FVEKYGFRSDAKVFSFTGDNLATILSLPLHNDDILVSLGTSTTLLLVTETYWPNPNYHVF
FVEKYGFSEDGKVFSFTGDNLATILSLPLHNDDILVSLGTSTTVLLVTETYWPNSNYHVF
FVEKYGFSEDSKVFSFTGDNLATILSLPLHNDDILVSLGTSTTVLLVTETYWPNSNYHVF
FVEKYGFSEDSKVFSFTGDNLATILSLPLHNDDILVSLGTSTTVLLVTETYWPNSNYHVF
FVEKYGFSEDSKIFSFTGDNLATILSLPLHNDDILVSLGTSTTVLLVTETYWPNSNYHVFE
FVEKYGFSKDSKIFSFTGDNLATILSLPLHNDDILVSLGTSTTVLLVTETYWPNSNYHVF
FVEKYGFSKDSKIFSFTGDNLATILSLPLHNDDILVSLGTSTTVLLVTETYWPNSNYHVF
FVEKYGFSKDSKIFSFTGDNLATILSLPLHNDDILVSLGTSTTVLLVTETYWPNSNYHVF

*k e kkk * ke ekkkkkkkkkk o kkkk ek kekkhkhkhkhkkoeko ok Kk K ok koK

KHPTMPDHYMGMICYCNGSLAREKVRDEVNEKFNVEDKKSWDKEFNEILDKSTDEFN--NKL
KHPTVPGSYMVMLCYVNGALARNQIKAELDEKYNVSDPNDWTKENEILDNSKPLHGNREL
KHPTVPGSYMVMLCYVNGALARNQIKAKLDEKYNVSDSNDWTKENEILDNSKPLHGNKEL
KHPTVPGSYMVMLCYVNGALARNQIKAKLDAKYNVSDSNDWTKENEILDNSKPLHGNKEL
KHPTVPGSYMVMLCYVNGALARNQIKASLDKKYNLSDPNDWTKENEILDKSKPLHGKEEL
KHPTVPGSYMVMLCYVNGALARNQIKTSLDKKYNVSDPNDWTKENEILDKSKPLHGKEEL
KHPTVPGSYMVMLCYVNGALARNQIKTSLDKKYNVSDPNDWTKENEILDKSKPLHGKEEL
KHPTVPGSYMVMLCYVNGALARNQIKSSLDKKYNVSDSNDWTKENEILDQSKPLHGKKEL
KHPTVPGSYMVMLCYVNGALARNQIKASLDEKYNVSDSNDWTKENEILDKSKPLHGKKEL
KHPTVPGSYMVMLCYVNGALARNQIKASLDEKYNVSDSNDWTKENEILDKSKPLHGKKEL
KHPTVPGSYMVMLCYVNGALARNQIKASLDEKYNVSDSNDWTKENEILDKSKPLHGKKEL

Kk kK ook Kkk ke kk Kkkekkhkko oo Kk eke Kk o Kk KkkhkkkhkkhkkKk oKk .. .k

GIYFPLGEIVPNAAAQIKRSVLNSKNEIVDVELGDKNWQPEDDVSSIVESQTLSCRLRTG

GVYFPKGEIIPNCIAQTKRYLYDDTK----RELVAREWNIEDDVVSIVESQALSCRLRSG
GVYFPKGEIIPNCIAQTKRHSYDDKK----KELVAREWKIEDDVVSIVESQALSCRLRSG
GVYFPKGEIIPNCIAQTKRYSYDDKK----KELVAREWKIEDDVVSIVESQALSCRLRSG
GVYFPKGEIIPNCVAQTKRFSYDAKS--—--KKLVTANWDIEDDVVSIVESQALSCRLRSG
GVYFPKGEIIPNCVAQTKRFSYDAKS-—-—--KKLVTANWDIEDDVVSIVESQALSCRLRSG
GVYFPKGEIIPNCVAQTKRFSYDAKS-—---KKLVTANWDIEDDVVSIVESQALSCRLRSG
GVYFPKGEIIPNCIAQTKRYSYDVKS—----KKLIAADWDIEDDVVSIVESQALSCRLRSG
GVYFPKGEIIPNCIAQTKRYSYDAKS—----RKLVAADWDIEDDAVSIVESQALSCRLRSG
GVYFPKGEIIPNCIAQTKRYSYDAKS—-—---RKLVAADWDIEDDAVSIVESQALSCRLRSG
GVYFPKGEIIPNCIAQTKRYSYDAKS-—---RKLVAADWDIEDDAVSIVESQALSCRLRSG

Kk ekkk Kkkk kK Kk kK . .k .k * kK Kkhkhkkhkk o kkhkkhkkhkkk ok

PMLSKSGDSSASSSASPQPEGDGTDLHKVYQDLVKKFGDLYTDGKKQTFESLTARPNRCY

PLYHGSEEIDEVEK----—-———----— NE-VTKKLSVEFSKISADGKDQRISDLISHPKKAF
PLYHGSEEIDEVEK-—-—-————————- SE-VAKKLSTFSKISADGKDQRISDLISHPKKAF
PLYHGSEEIDEVEK-—-—-————————- SE-VTKKLSTFSKISADGKDQCIFDLISHPKKAF
PLYHGSDETDQEEE-——=-===———-— SE-VIQRLSNFPKISADGKDQRLPDLISHPKKAF
PLYHGSDETDQEEE-——=-===———-— SE-VIQRLSNFPKISADGKDQRLPDLISHPKKAF
PLYHGSDETDQEEE-—-—-—-———————— SE-VIQRLSNFPKISADGKDQRLPDLISHPKKAF
PLYHGSDEIDEKEE-—-—-—-———————- NE-VTQRLSIFPKISADGKDQRLANLISHPKKAF
PLYHGSDETDEKEE----————-—---— IE-VTRRLSIFPKISADGKDQRLADLISHPKKAF
PLYHGSDETDEKEE----————----— IE-VTRRLSIFPKISADGKDQRLADLISHPKKAF
PLYHGSDETDEKEE-—-—-—-———————— IE-VTRRLSIFPKISADGKDQRLADLISHPKKAF

*: * L S I R B S
YVGGASNNGSITIRKMGSILAPVNGNYKVDIPNACALGGAYKASWSYECEAKKEWIGYDQY
YVGGASQNVSIVRKFSEILGAKEGNYQINLGDACAIGGAFKAVWSDICETDKA-ITYSDF
YVGGASQNVSIVRKFSEILGAKEGNYQINLGDACAIGGAFKAVWSDLCETDKA-ITYSDF
YVGGASQNVSIVRKFSEILGAKEGNYQINLGDACAIGGAFKAVWSDLCETDKA-ITYSDF
YVGGASQNVSIVRKFSEVLGAKEGNYQINLGDACAIGGAFKAVWSDLCETEKA-IPYSDF
YVGGASQNVSIVRKFSEVLGAKEGNYQINLGDACAIGGAFKAVWSDLCETEKA-IPYSDF
YVGGASQNVSIVRKFSEVLGAKEGNYQINLGDACAIGGAFKAVWSDLCETEKA-IPYSDF
YVGGASQNVSIVRKFSEILGAKEGNYQINLGDACAIGGAFKAVWSDLCETEKA-ISYSDF
YVGGASQNVSIVRKFSEILGAKEGNYQINLGDACAIGGAFKAVWSDLCETKKA-ISYSDF
YVGGASQNVSIVRKFSEILGAKEGNYQINLGDACAIGGAFKAVWSDLCETKKA-ISYSDF
YVGGASQNVSIVRKFSEILGAKEGNYQINLGDACAIGGAFKAVWSDLCETKKA-ISYSDF
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S.stipitis CBS6054 XKS INRLFEVSDEMNSFEV-KDKWLEYANGVGMLAKMESELKH* - - 623
K.mondaviorum CBS15017 LTKNFHWKENVKPVEADSSLWLQYAEGVGILSEIEQTLDRDS* 607
K.populi CBS12362 LSKNFHWKENVKPVEADSSLWLQYAEGVGILSEIEQTLDRDH* 607
K.pseudopastoris CBS9187 LTKYFHWKENVKPVEADFSLWLQYAEGVGILSEIEQTLDRDL* 607
K.kurtzmanii CBS12817 LRKNFHWKENVKQVEADSSLWLQYVDGVGILSEIEQTLEK* -— 617
K.phaffii UNOPS03-328y3 LRKNFHWKENVKPVEADSSLWLQYVDGVGILSEIEQTLEK* -— 617
K.phaffii CBS7435 LRKNFHWKENVKPVEADSSLWLQYVDGVGILSEIEQTLEK* -— 617
K.ulmi CBS12361 LSKNFHWKENVKPVEADSSLWLQYVDGVGILSEIEQTLEK*-— 605
K.pastoris DSMz70877 LSKNFHWKENVKPVEADSSLWLQYVDGVGILSEIEQTLEK* -— 605
K.pastoris CBS9178 LSKNFHWKENVKPVEADSSLWLQYVDGVGILSEIEQTLEK* -— 605
K.pastoris CBS704 LSKNFHWKENVKPVEADSSLWLQYVDGVGILSEIEQTLEK* -— 605

* ... * kk ek ekkkoeko ook * .

Figure S2: Multiple sequence alignments of the S. stipitis CBS 6054 xylose pathway enzymes A) xylose
reductase (XR), B) xylulose dehydrogenase (XDH) and C) xylulokinase (XKS) with the closest orthologs
from all seven Komagataella species. Alignments were generated using Clustal Omega [2]. Identical
amino acids are marked with an asterisk, a colon indicates residues with highly similar properties and a
point indicates residues with weakly similar properties.

K}phaffii_PP7435_Chr4—0551 —————————————— MALAIPQIGFGTGTTWYKYGRESEIDQTLVDALVSALQVGITHLDG 46
K}phaffiiiPP74357Chr2—07l4 —————— MSRYLQLNNGNKIPHIGFGTWEL----G—-———— RSQAANVVYHALKAGFRLIDT 45
K}phaffiiiGre3 —————— MATLLKLNNGLKLPQVGLGVWKI----P-———— NELTAETVYNAIKQGYRLFDG 45
Klphaffii_Yprl MAVPSNSTKTFKLNNGLSIPAVGLGTWQS----T--——— DEEAYNAVIAALKAGYRHIDT 51
HE . HE H
K}phaffii_PP7435_Chr4—O55l AECYGTALETRDAIKKA-—-———— NIPREKLWITEKYYAGDSSHKSKSKAANPLAALK-ETI 99
KﬁphaffiiiPP74357Chr2—0714 AYLYRNEKEVGEGIERWLDEDPENNKRSDVEYTTKLWDSQFGYENAKR-————— SIQRAT 99
KlphaffiiiGre3 AEDYGNEKEVGQGVRRAIDEG--LVKREDLFIVSKLWNNYHHPDNVGK-—-———— ALDRTL 97
K}phaffii_Yprl AYCYGNEEPIGKAI----KDS--GVARKDIFITTKLWGTDHTRT--EE-——-—-—— GLDRSL 97
*ooox P Foorroo0¥ : :
KﬁphaffiiiPP74357Chr4—0551 LRLEELEYVDLYLLHSPYITKET-———-———————=————————— HGFTLEEAWGYLEEAQS 139
K}phaffii_PP7435_Chr2—O7l4 DQVPGLEYIDLLLMHSPNGGPK--—-—-—=-—-=-=—-=—=——-————————— VRKETYQAMQEAVD 135
K}phaffii_Gre3 S-DLGLDYLDLFYIHFPIAFKFVPLEEKYPPAFYCGDGNNFHYEDVPLLDTYRALERLVD 156
Klphaffiitirl K-LLGLDYVDLFLMHWPVPMNPNGNHDKFPTLP---DGKRDILFDWNEFVDTYREMQKLVA 153
*:*:** :* * I ..
K}phaffii_PP7435_Chr4—O55l LGLAKNIGVSNFTVADLEKILKVA--KVKPQVNQIEYNAFLODQTPGVVEFSQKNGILIE 197
KﬁphaffiiiPP74357Chr2—0714 QOGIVKQLGVSSWGEAHIKELFSWDGLKYKPVVNQVELSPWCMRE--RLVDFCHKNEILTE 193
KlphaffiiiGre3 AGRIKSLGVSNENGALLOQDLLRGA--RIKPVALQIEHHPYLVQQO--KLIEYAQSEDIVVV 212
K}phaffii_Yprl SGKTKAIGVSNFSITNLKKLLADPEITIKPVVNQVEIHGYLPQQ--RLLEYAKENDIVLE 211
IR R S HEEHE KR KK : : HESHE R O
KlphaffiiiPP74357Chr4—0551 AYSPLAPLYKGDKS----IKEVKEF-LDYVYELGKKYGKSDTQVLLKWVLQKGIIPITTS 252
K.phaffii_PP7435_Chr2—07l4 AYSPLARGGR-——-———==-=————— FNEQVVKSIAKNKGVTPAQVLLRWSIQKGHIPIPKT 239
K.phaffii_Gre3 AYSSFGPQSFLELKVNKALTAVSLFEHDVIKKIAQAHNRSAGEVLLRWATQRGLAIIPKS 272
Klphaffiitirl AYSPLGSTGA-——=-———————— PLLKDELVQDLAKKNGISESTLLISWAVWRGIVVLPKS 259
* % % . . . . . :*: * :~k . o
K.phaffii_PP7435_Chr4—055l TKTERVKEFLKIDDFQLEPSE-VEKITTLGAKAPV-VRQYWVPEYSKFD*-— 299
KlphaffiiiPP74357Chr2—07l4 QTIGRLPENIDVFGFELNDQE----IGQLDH-PNAHDPTDWDVVNVP* ———— 281
KlphaffiiiGre3 SKPERLSSNLHINSFDLTK-EDLETISSLDLGLRENDPWDWDKIPIFA*-—— 319
K.phaffii_Yprl VTPSRIADNLKIIELCEEDGKKLNELASIRGEKRL-VSPPWDPIVVFENDED* 309

* . P . . . . *

Figure S3: Multiple sequence alignments of the K. phaffii CBS 7435 Gre3 homologs. Alignments were
generated using Clustal Omega [2]. Identical amino acids are marked with an asterisk, a colon indicates
residues with highly similar properties and a point indicates residues with weakly similar properties.
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Table S5: Relative abundance of isotopologues of selected metabolites after cultivation on *2C or 1-C

D-xylose, average and standard deviation for n=3 biological replicates.

12C Xylose 1-13C D-xylose
Isotopologue average S average s
2PG MO 92.6 4.2 69.9 9.1
2PG M1 7.0 3.9 24.0 6.0
2PG M2 0.3 0.5 6.1 3.5
2PG M3 0.0 0.0 0.0 0.0
3PG MO 93.9 5.3 69.7 8.7
3PG M1 5.6 4.7 23.4 6.7
3PG M2 0.5 0.7 6.9 2.1
3PG M3 0.0 0.0 0.0 0.0
6PGA MO 93.6 3.0 91.2 2.1
6PGA M1 3.1 4.4 3.3 4.7
6PGA M2 0.7 11 2.0 19
6PGA M3 19 15 3.0 2.1
6PGA M4 0.6 0.4 0.5 0.7
6PGA M5 0.0 0.0 0.0 0.0
6PGA M6 0.0 0.0 0.0 0.0
F6P MO 100.0 0.0 21.6 4.2
F6P M1 0.0 0.0 37.6 4.4
F6P M2 0.0 0.0 25.0 4.2
F6P M3 0.0 0.0 11.9 54
F6P M4 0.0 0.0 3.6 1.6
F6P M5 0.0 0.0 0.0 0.0
F6P M6 0.0 0.0 04 0.3
G6P MO 98.2 1.0 19.9 2.6
G6P M1 0.4 0.6 39.0 2.9
G6P M2 0.0 0.0 25.2 3.6
G6P M3 11 0.6 14.1 0.6
G6P M4 0.2 0.2 1.8 0.7
G6P M5 0.0 0.0 0.0 0.0
G6P M6 0.0 0.0 0.1 0.0
Glc MO 94.7 0.8 36.1 11.3
Glc M1 4.1 0.9 315 4.1
Glc M2 0.0 0.0 21.2 4.7
Glc M3 0.5 0.5 10.2 3.7
Glc M4 0.7 1.0 1.0 1.0
Glc M5 0.0 0.0 0.0 0.0
Glc M6 0.0 0.0 0.0 0.1
R5P MO 95.9 0.2 19.7 0.1
R5P M1 4.0 0.2 67.6 11
R5P M2 0.0 0.0 11.5 0.5
R5P M3 0.0 0.0 0.8 11
R5P M4 0.0 0.0 0.1 0.1
R5P M5 0.0 0.0 0.3 0.2
S7P MO 85.3 94 11.2 1.8
S7P M1 7.9 6.1 31.8 11
S7P M2 2.0 14 40.0 3.9
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S7P M3
S7P M4
S7P M5
S7P M6
S7P M7

3.1
1.7
0.0
0.0
0.0

13
2.4
0.0
0.0
0.0

9.8
2.9
2.7
1.6
0.0

1.8
15
1.0
2.0
0.0

Table S6: List of metabolites and corresponding GC retention times (RT), chemical ionization
adducts/fragments evaluated for *C isotopologue distribution analysis, m/z values of isotopologues

extracted and respective mass extraction windows.

Name of derivatized | RT (min) Adduct/ Isotopologue* m/z m/z extraction
metabolite * Fragment ** window
Evaluated** left / right (ppm)
2PG 4TMS 17.15 [MH]* MO 475.1583 50/50
M1 476.1617 50/50
M2 477.1650 50/50
M3 478.1684 50/50
3PG 4TMS 17.56 [MH]* MO 475.1583 50/50
M1 476.1617 50/50
M2 477.1650 50/50
M3 478.1684 50/50
Glc 5TMS 1EtOx 20.55 [M-CHs] * MO 568.2792 50/50
M1 569.2826 50/50
M2 570.2859 50/50
M3 571.2893 50/50
M4 572.2926 50/50
M5 573.2960 50/50
M6 574.2993 50/50
R5P 5TMS 1EtOx 24.35 [M-CHs] * MO 618.2350 50/50
M1 619.2383 50/50
M2 620.2417 50/50
M3 621.2450 50/50
M4 622.2484 50/50
M5 623.2517 50/50
F6P 6 TMS 1EtOx 28.59 [M-CHs]* MO 720.2851 50/50
M1 721.2884 50/50
M2 722.2918 50/50
M3 723.2951 50/50
M4 724.2985 50/50
M5 725.3018 50/50
M6 726.3052 50/50
G6P 6TMS 1EtOx 28.91 [M-CHs]* MO 720.2851 50/50
M1 721.2884 50/50
M2 722.2918 50/50
M3 723.2951 50/50
M4 724.2985 50/50
M5 725.3018 50/50
M6 726.3052 50/50
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6PGA 7TMS 30.02 [M-CHs] * MO 765.2773 50/50
M1 766.2807 50/50
M2 767.2840 50/50
M3 768.2874 50/50
M4 769.2907 50/50
M5 770.2941 50/50
M6 771.2974 50/50
S7P 7TMS 1EtOx 32.31 [M-CHz] * MO 822.3351 50/50
M1 823.3385 50/50
M2 824.3419 50/50
M3 825.3452 50/50
M4 826.3486 50/50
M5 827.3519 50/50
M6 828.3553 50/50
M7 829.3586 50/50

* pames of derivatized metabolites are given specifying the number of trimetylsilyl (TMS) and
ethoxyamino groups (EtOx)

** Positive chemical ionization fragments used for data evaluation: [M+H]": protonated molecular ion,
[M-CHgz] *: abstraction of CHs, [M+C2Hs] *: addition of C2Hs

*** number denotes the number of 13C atoms in the backbone
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