Online Supporting Information A: The Benchmark Dataset 
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The benchmark dataset consists of 80 proteins. Listed below are their PDB codes and amino acid sequences. The number in the brackets after each PDB code is the value of 
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 is the experimental apparent folding rate constant of the corresponding protein. See the text of the paper for further explanation.


(1) 45 two-state folding state proteins

>1APS (-1.47) 

TARPLKSVDYEVFGRVQGVCFRMYAEDEARKIGVVGWVKNTSKGTVTGQVQGPEEKVNSM

KSWLSKVGSPSSRIDRTNFSNEKTISKLEYSNFSVRY

>1BA5 (5.91)
KRQAWLWEEDKNLRSGVRKYGEGNWSKILLHYKFNNRTSVMLKDRWRTMKKL

>1BDD (11.69) 

ADNKFNKEQQNAFYEILHLPNLNEEQRNGFIQSLKDDPSQSANLLAEAKKLNDAQAPKA

>1C8C (6.95) 

ATVKFKYKGEEKQVDISKIKKVWRVGKMISFTYDEGGGKTGRGAVSEKDAPKELLQMLAKQ

KK

>1C9O (7.20)
QRGKVKWFNNEKGYGFIEVEGGSDVFVHFTAIQGEGFKTLEEGQEVSFEIVQGNRGPQAA

NVVKL

>1CSP (6.54) 

LEGKVKWFNSEKGFGFIEVEGQDDVFVHFSAIQGEGFKTLEEGQAVSFEIVEGNRGPQAA

NVTKEA

>1DIV_c (0.0) 

AAEELANAKKLKEQLEKLTVTIPAKAGEGGRLFGSITSKQIAESLQAQHGLKLDKRKIEL

ADAIRALGYTNVPVKLHPEVTATLKVHVTEQK

>1DIV_n (6.61)
KVIFLKDVKGKGKKGEIKNVADGYANNFLFKQGLAIEATPANLKALEAQKQKEQR

>1E0L (10.37) 

ATAVSEWTEYKTADGKTYYYNNRTLESTWEKPQELK

>1E0M (8.85) 

MGLPPGWDEYKTHNGKTYYYNHNTKTSTWTDPRMSS

>1ENH (10.53) 

PRTAFSSEQLARLKREFNENRYLTERRRQQLSSELGLNEAQIKIWFQNKRAKI

>1FEX (8.19) 

RIAFTDADDVAILTYVKENARSPSSVTGNALWKAMEKSSLTQHSWQSLKDRYLKHLRG

>1FKB (1.45) 

VQVETISPGDGRTFPKRGQTCVVHYTGMLEDGKKFDSSRDRNKPFKFMLGKQEVIRGWEE

GVAQMSVGQRAKLTISPDYAYGATGHPGIIPPHATLVFDVELLKLE

>1FMK (4.05) 

TFVALYDYESRTETDLSFKKGERLQIVNNTEGDWWLAHSLSTGQTGYIPSNYVAPS

>1FNF_9 (-0.92) 

DSPTGIDFSDITANSFTVHWIAPRATITGYRIRHHPEHFSGRPREDRVPHSRNSITLTNL

TPGTEYVVSIVALNGREESPLLIGQQSTV                                                  

>1G6P (6.30) 

RGKVKWFDSKKGYGFITKDEGGDVFVHWSAIEMEGFKTLKEGQVVEFEIQEGKKGPQAAH

VKVVE

>1HDN (2.69) 

FQQEVTITAPNGLHTRPAAQFVKEAKGFTSEITVTSNGKSASAKSLFKLQTLGLTQGTVV

TISAEGEDEQKAVEHLVKLMAELE

>1IDY (8.73) 

EVKKTSWTEEEDRILYQAHKRLGNRWAEIAKLLPGRTDNAIKNHWNSTMRRKV

>1IMQ (7.28) 

ELKHSISDYTEAEFLQLVTTICNADTSSEEELVKLVTHFEEMTEHPSGSDLIYYPKEGDD

DSPSGIVNTVKQWRAANGKSGFKQG

>1K8M (-0.71) 

GQVVQFKLSDIGEGIREVTVKEWYVKEGDTVSQFDSICEVQSDKASVTITSRYDGVIKKL

YYNLDDIAYVGKPLVDIETEALKDLE

>1K9Q (8.37) 

EIPDDVPLPAGWEMAKTSSGQRYFLNHIDQTTTWQDPRK

>1L2Y (12.40) 

LYIQWLKDGGPSSGRPPPS

>1LMB (8.50) 

LTQEQLEDARRLKAIYEKKKNELGLSQESVADKMGMGQSGVGALFNGINALNAYNAALLA

KILKVSVEEFSPSIAREIYEMYEAVS

>1MJC (5.23) 

GKMTGIVKWFNADKGFGFITPDDGSKDVFVHFSAIQNDGYKSLDEGQKVSFTIESGAKGP

AAGNVTSL

>1N88 (3.0) 

KTAYDVILAPVLSEKAYAGFAEGKYTFWVHPKATKTEIKNAVETAFKVKVVKVNTLHVRG

KKKRLGRYLGKRPDRKKAIVQVAPGQKIEALEGLI

>1NYF (4.54) 

TLFVALYDYEARTEDDLSFHKGEKFQILNSSEGDWWEARSLTTGETGYIPSNYVAPV

>1PGB_b (12.0) 

TYKLILNGKTLKGET

>1PIN (9.37)
LPPGWEKRMSRSSGRVYYFNHITNASQWERP

>1PKS (-1.06) 

GYQYRALYDYKKEREEDIDLHLGDILTVNKGSLVALGFSDGQEARPEEIGWLNGYNETTG

ERGDFPGTYVEYIGR

>1PRB (12.90) 

IDQWLLKNAKEDAIAELKKAGITSDFYFNAINKAKTVEEVNALKNEILKAHA

>1PSE (1.17) 

IERGSKVKILRKESYWYGDVGTVASIDKSGIIYPVIVRFNKVNYNGFSGSAGGLNTNNFA

EHELEVVG

>1QTU (-0.36) 

SMAGEDVGAPPDHLWVHQEGIYRDEYQRTWVAVVEEETSFLRARVQQIQVPLGDAARPSH

LLTSQLPLMWQLYPEERYMDNNSRLWQIQHHLMVRGVQELLLKLLPDDRSPGIH

>1RFA (7.0) 

NTIRVFLPNKQRTVVNVRNGMSLHDCLMKALKVRGLQPECCAVFRLLHEHKGKKARLDWN

TDAASLIGEELQVDFLD

>1SHG (2.10)
ELVLALYDYQEKSPREVTMKKGDILTLLNSTNKDWWKVEVNDRQGFVPAAYVKKLD

>1TEN (1.06) 

DAPSQIEVKDVTDTTALITWFKPLAEIDGIELTYGIKDVPGDRTTIDLTEDENQYSIGNL

KPDTEYEVSLISRRGDMSSNPAKETFTT

>1URN (5.76) 

VPETRPNHTIYINNLNEKIKKDELKKSLHAIFSRFGQILDILVSRSLKMRGQAFVIFKEV

SSATNALRSMQGFPFYDKPMRIQYAKTDSDIIAKM

>1VII (11.51) 

LSDEDFKAVFGMTRSAFANLPLWKQQNLKKEKGLF

>1WIT (0.41) 

KPKILTASRKIKIKAGFTHNLEVDFIGAPDPTATWTVGDSGAALAPELLVDAKSSTTSIF

FPSAKRADSGNYKLKVKNELGEDEAIFEVIVQ

>2A3D (12.7) 

GSWAEFKQRLAAIKTRLQALGGSEAELAAFEKEIAAFESELQAYKGKGNPEVEALRKEAA

AIRDELQAYRHN

>2ACY (0.84) 

EGDTLISVDYEIFGKVQGVFFRKYTQAEGKKLGLVGWVQNTDQGTVQGQLQGPASKVRHM

QEWLETKGSPKSHIDRASFHNEKVIVKLDYTDFQIVK

>2AIT (4.21) 

TTVSEPAPSCVTLYQSWRYSQADNGCAETVTVKVVYEDDTEGLCYAVAPGQITTVGDGYI

GSHGHARYLARCL

>2CI2 (3.87) 

LKTEWPELVGKSVEEAKKVILQDKPEAQIIVLPVGTIVTMEYRIDRVRLFVDKLDNIAEV

PRVG

>2HQI (0.18) 

TQTVTLAVPGMTCAACPITVKKALSKVEGVSKVDVGFEKREAVVTFDDTKASVQKLTKAT

ADAGYPSSVKQ

>2PDD (9.69) 

IAMPSVRKYAREKGVDIRLVQGTGKNGRVLKEDIDAFLAGGA

>2PTL (4.10) 

VTIKANLIFANGSTQTAEFKGTFEKATSEAYAYADTLKKDNGEYTVDVADKGYTLNIKFAG

(2) 35 multi-state folding state proteins 
>2ABD (6.48) 

QAEFDKAAEEVKHLKTKPADEEMLFIYSHYKQATVGDINTERPGMLDFKGKAKWDAWNEL

KGTSKEDAMKAYIDKVEELKKKYGI

>2CRO (5.35) 

QTLSERLKKRRIALKMTQTELATKAGVKQQSIQLIEAGVTKRPRFLFEIAMALNCDPVWL

QYGT 

>1UZC (8.68) 

PAKKTYTWNTKEEAKQAFKELLKEKRVPSNASWEQAMKMIINDPRYSALAKLSEKKQAFN

AYKVQTEK  

>1CEI (5.8) 

KNSISDYTEAEFVQLLKEIEKENVAATDDVLDVLLEHFVKITEHPDGTDLIYYPSDNRDD

SPEGIVKEIKEWRAANGKPGFKQG  

>1BRS (3.37) 

INTFDGVADYLQTYHKLPDNYITKSEAQALGWVASKGNLADVAPGKSIGGDIFSNREGKL

PGKSGRTWREADINYTSGFRNSDRILYSS   

>2A5E (3.50) 

EPAAGSSMEPSADWLATAAARGRVEEVRALLEAGALPNAPNSYGRRPIQVMMMGSARVAE

LLLLHGAEPNCADPATLTRPVHDAAREGFLDTLVVLHRAGARLDVRDAWGRLPVDLAEEL

GHRDVARYLRAAAGGTRGSNHARIDAAEGPSDIPD 

>1TIT (3.6) 

IEVEKPLYGVEVFVGETAHFEIELSEPDVHGQWKLKGQPLTASPDCEIIEDGKKHILILH

NCQLGMTGEVSFQAANAKSAANLKVKEL   

>1FNF_10 (5.48) 

DVPRDLEVVAATPTSLLISWDAPAVTVRYYRITYGETGGNSPVQEFTVPGSKSTATISGL

KPGVDYTITVYAVTGRGDSPASSKPISINYRT 

>1HNG (1.8) 

SGTVWGALGHGINLNIPNFQMTDDIDEVRWERGSTLVAEFKRKMKPFLKSGAFEILANGD

LKIKNLTRDDSGTYNVTVYSTNGTRILNKALDLRI

>1ADW (0.64)
THEVHMLNKGESGAMVFEPAFVRAEPGDVINFVPTDKSHNVEAIKEILPEGVESFKSKIN

ESYTLTVTEPGLYGVKCTPHFGMGMVGLVQVGDAPENLDAAKTAKMPKKARERMDAELAQ

VN 

>1EAL (1.3) 

FTGKYEIESEKNYDEFMKRLALPSDAIDKARNLKIISEVKQDGQNFTWSQQYPGGHSITN

TFTIGKECDIETIGGKKFKATVQMEGGKVVVNSPNYHHTAEIVDGKLVEVSTVGGVSYER

VSKKLA  

>1IFC (3.4) 

FDGTWKVDRNENYEKFMEKMGINVVKRKLGAHDNLKLTITQEGNKFTVKESSNFRNIDVV

FELGVDFAYSLADGTELTGTWTMEGNKLVGKFKRVDNGKELIAVREISGNELIQTYTYEG

VEAKRIFKKE 

>1OPA (1.4) 

KDQNGTWEMESNENFEGYMKALDIDFATRKIAVRLTQTKIIVQDGDNFKTKTNSTFRNYD

LDFTVGVEFDEHTKGLDGRNVKTLVTWEGNTLVCVQKGEKENRGWKQWVEGDKLYLELTC

GDQVCRQVFKKK 

>1HCD (1.1) 

GNRAFKSHHGHFLSAEGEAVKTHHGHHDHHTHFHVENHGGKVALKTHCGKYLSIGDHKQV

YLSHHLHGDHSLFHLEHHGGKVSIKGHHHHYISADHHGHVSTKEHHDHDTTFEEIII 

>1BEB (-2.20) 

TMKGLDIQKVAGTWYSLAMAASDISLLDAQSAPLRVYVEELKPTPEGDLEILLQKWENGE

CAQKKIIAEKTKIPAVFKIDALNENKVLVLDTDYKKYLLFCMENSAEPEQSLVCQCLVRT

PEVDDEALEKFDKALKALPMHIRLSFNPTQLEEQC  

>1B9C (-2.76) 

EELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTF

VQCFSRYPDHMKQHDFFKSAMPEGYVQERTISFKDDGNYKTRAEVKFEGDTLVNRIELKG

IDFKEDGNILGHKLEYNYNSHNVYITADKQKNGIKANFKIRHNIEDGSVQLADHYQQNTP

IGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGIT                                                                                                                                                                         

>1I1B (-4.01) 

RSLNCTLRDSQQKSLVMSGPYELKALHLQGQDMEQQVVFSMSFVQGEESNDKIPVALGLK

EEKNLYLSCVLKDDKPTLQLESVDPKNYPKKKMEKRFVFNKIEINNKLEFESAQFPNWYI

STSQAENMPVFLGGTKGGQDITDFTMQFVSS  

>1PGB_ab (6.40) 

TYKLILNGKTLKGETTTEAVDAATAEKVFKQYANDNGVDGEWTYDDATKTFTVTE  

>1UBQ (5.90) 

QIFVKTLTGKTITLEVEPSDTIENVKAKIQDKEGIPPDQQRLIFAGKQLEDGRTLSDYNI

QKESTLHLVLRLRGG  

>1GXT (4.39) 

TSCCGVQLRIRGKVQGVGFRPFVWQLAQQLNLHGDVCNDGDGVEVRLREDPETFLVQLYQ

HCPPLARIDSVEREPFIWSQLPTEFTIR 

>1SCE (4.17) 

PRLLTASERERLEPFIDQIHYSPRYADDEYEYRHVMLPKAMLKAIPTDYFNPETGTLRIL

QEEEWRGLGITQSLGWEMYEVHVPEPHILLFKREKD 

>1HMK (2.79) 

EQLTKCEVFQKLKDLKDYGGVSLPEWVCTAFHTSGYDTQAIVQNNDSTEYGLFQINNKIW

CKDDQNPHSRNICNISCDKFLDDDLTDDIVCAKKILDKVGINYWLAHKALCSEKLDQWLC 

>3CHY (1.0) 

DADKELKFLVVDDFSTMRRIVRNLLKELGFNNVEEAEDGVDALNKLQAGGYGFVISDWNM

PNMDGLELLKTIRADGAMSALPVLMVTAEAKKENIIAAAQAGASGYVVKPFTAATLEEKL

NKIFEKLGM  

>1HEL (1.25) 

VFGRCELAAAMKRHGLDNYRGYSLGNWVCAAKFESNFNTQATNRNTDGSTDYGILQINSR

WWCNDGRTPGSRNLCNIPCSALLSSDITASVNCAKKIVSDGNGMNAWVAWRNRCKGTDVQ

AWIRGCRL 

>1DK7 (0.83) 

GMQFDRGYLSPYFINKPETGAVELESPFILLADKKISNIREMLPVLEAVAKAGKPLLIIA

EDVEGEALATLVVNTMRGIVKVAAVKAPGFGDRRKAMLQDIATLTGGTVISEEIGMELEK

ATLEDLGQAKRVVINKDTTTIIDGV 

>1JOO (0.30) 

TSTKKLHKEPATLIKAIDGDTVKLMYKGQPMTFRLLLVDTPETKHPKKGVEKYGPEASAF

TKKMVENAKKIEVEFDKGQRTDKYGRGLAYIYADGKMVNEALVRQGLAKVAYVYKPNNTH

EQLLRKSEAQAKKEKLNIWSEDNADSGQ  

>2RN2 (1.41) 

LKQVEIFTDGSCLGNPGPGGYGAILRYRGREKTFSAGYTRTTNNRMELMAAIVALEALKE

HCEVILSTDSQYVRQGITQWIHNWKKRGWKTADKKPVKNVDLWQRLDAALGQHQIKWEWV

KGHAGHPENERCDELARAAAMNPTLEDTGYQVEV 

>1RA9 (-2.46) 

ISLIAALAVDRVIGMENAMPWNLPADLAWFKRNTLDKPVIMGRHTWESIGRPLPGRKNII

LSSQPGTDDRVTWVKSVDEAIAACGDVPEIMVIGGGRVYEQFLPKAQKLYLTHIDAEVEG

DTHFPDYEPDDWESVFSEFHDADAQNSHSYCFEILERR 

>1PHP_c (-3.44) 

VLGKALSNPDRPFTAIIGGAKVKDKIGVIDNLLEKVDNLIIGGGLAYTFVKALGHDVGKS

LLEEDKIELAKSFMEKAKEKGVRFYMPVDVVVADRFANDANTKVVPIDAIPADWSALDIG

PKTRELYRDVIRESKLVVWNGPMGVFEMDAFAHGTKAIAEALAEALDTYSVIGGGDSAAA

VEKFGLADKMDHISTGGGASLEFMEGKQLPGVVALEDK                                         

>1PHP_n (2.30) 

NKKTIRDVDVRGKRVFCRVDFNVPMEQGAITDDTRIRAALPTIRYLIEHGAKVILASHLG

RPKGKVVEELRLDAVAKRLGELLERPVAKTNEAVGDEVKAAVDRLNEGDVLLLENVRFYP

GEEKNDPELAKAFAELADLYVNDAFGAAHRAHASTEGIAHYLPAVAGFLMEKEL 

>2BLM (-1.24) 

DFAKLEEQFDAKLGIFALDTGTNRTVAYRPDERFAFASTIKALTVGVLLQQKSIEDLNQR

ITYTRDDLVNYNPITEKHVDTGMTLKELADASLRYSDNAAQNLILKQIGGPESLKKELRK

IGDEVTNPERFEPELNEVNPGETQDTSTARALVTSLRAFALEDKLPSEKRELLIDWMKRN

TTGDALIRAGVPDGWEVADKTGAASYGTRNDIAIIWPPKGDPVVLAVLSSRDKKDAKYDD

KLIAEATKVVMKALNMNGK 

>1QOP_a (-2.5) 

ERYENLFAQLNDRREGAFVPFVTLGDPGIEQSLKIIDTLIDAGADALELGVPFSDPLADG

PTIQNANLRAFAAGVTPAQCFEMLAIIREKHPTIPIGLLMYANLVFNNGIDAFYARCEQV

GVDSVLVADVPVEESAPFRQAALRHNIAPIFICPPPNNAADDDLLRQVASYGRGYTYLLS

RSGVTGAENRGPLHHLIEKLKEYHAAPALQGFGISSPEQVSAAVRAGAAGAISGSAIVKI

IEKNLASPKQMLAELRSFVSAMKAASR 

>1QOP_b (-6.9) 

TLLNPYFGEEFGGMYVPQILMPALNQLEEAFVSAQKDPEFQAQFADLLKNYAGRPTALTK

CQNITAGTRTTLYLKREDLLHGGAHKTNQVLGQALLAKRMGKSEIIAETGAGQHGVASAL

ASALLGLKCRIYMGAKDVERQSPNVFRMRLMGAEVIPVHSGSATLKDACNEALRDWSGSY

ETAHYMLGTAAGPHPYPTIVREFQRMIGEETKAQILDKEGRLPDAVIACVGGGSNAIGMF

ADFINDTSVGLIGVEPGGHGIETGEHGAPLKHGRVGIYFGMKAPMMQTADGQIEESYSIS

AGLDFPSVGPQHAYLNSIGRADYVSITDDEALEAFKTLCRHEGIIPALESSHALAHALKM

MREQPEEKEQLLVVNLSGRGDKDIFTVHDIL 

>1BTA (1.11) 

KAVINGEQIRSISDLHQTLKKELALPEYYGENLDALWDCLTGWVEYPLVLEWRQFEQSKQ

LTENGAESVLQVFREAKAEGCDITIILS          

>1L63 (4.10) 

NIFEMLRIDEGLRLKIYKDTEGYYTIGIGHLLTKSPSLNAAKSELDKAIGRNTNGVITKD

EAEKLFNQDVDAAVRGILRNAKLKPVYDSLDAVRRAALINMVFQMGETGVAGFTNSLRML

QQKRWDEAAVNLAKSRWYNQTPNRAKRVITTFRTGTWDAYK    
_1292936807.unknown

_1292936868.unknown

_1291789928.unknown

