
Rapid membrane protein topology predition �Supplementary informationAron Hennerdal and Arne ElofssonThe TOPCONS algorithmThe TOPCONS algorithm uses a Hidden Markov Model to ombine the re-sults of an arbitrarily large number of topology preditors into one onsensuspredition. It is desribed by Bernsel et al., 2009: The original�As input TOPCONS uses a set of topology preditions whih areombined into a topology pro�le by letting eah residue be repre-sented by three values representing the fration of methods thatpredit that residue to be situated in the membrane (M), on theinside of the membrane (i) or on the outside of the membrane (o).This topology pro�le is used as input to a dynami programmingalgorithm similar to a hidden Markov model that has an alphabetonsisting of the haraters 'M', 'i' and 'o'. The �nal topology or-responds to the highest soring state path through this model usinga Viterbi-like algorithm. In eah state, the emission sore for thestrutural ategory modeled by that state (i, o or M) is equal to 1.0and for all other strutural ategories it equals 0.0. All transitionprobabilities are equal to 1.0. Thus, the �nal predition equals thestate path with the highest geometri mean sore with respet tothe topology pro�le and the grammar of the model.�The original implementation uses �ve topology predition methods: SCAMPI-single, SCAMPI-multi, PRO-TMHMM, PRODIV-TMHMM and OCTOPUS ofwhih the last four requires BLAST-results as input (Figure 1). The algorithmitself an use predited topologies from any number of soures.Predition aurayAll �gures of auray in the paper are the proportion of true results, i.e.
TP + TN

TP + FP + TM + FN
,where TP is the number of true positives, TN the number of true negatives,

FP the number of false positives, and FN the number of false negatives.
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Figure 1: TOPCONS work �ow: four of the topology preditors make use ofmultiple sequene information and require a sequene pro�le as input, reatedusing BLAST (18), whereas the �fth method (SCAMPI- single) only requiresthe protein sequene. The topology preditions are used to onstrut a topologypro�le, whih is fed into the TOPCONS hidden Markov model (Bernsel et al.,2009)Corret preditionWe use the de�nition of a orret topology predition of topology of Krogh etal, 2001. A predition is onsidered orret if:- the number of transmembrane helies is orret,- eah predited helix overlaps by at least 5 residues with orresponding real2



helix,- eah helix is oriented orretly, i.e. N-terminals and C-terminals are atthe same side of the membrane as respetive terminals in the real helix.Reliability soresTOPCONS-singleThe reliability sore for the TOPCONS-single preditions is the same as intro-dued by Bernsel et al, 2009. The TOPCONS algorithm produes a onsensuspro�le on the same format as the input topology pro�les, Figure 1. Eah of thetopology states 'i' (ytosol), 'o' (ER-lumen/extra-membrane spae) and 'M' (inthe membrane) are represented by a number between zero and one for eah po-sition in the predited topology. A higher value for one of the states omparedto the others an be interpreted as higher ertainty in the predition for thatposition. The reliability measure is then omputed as desribed by Bernsel etal : �A reliability value is alulated for eah residue in a sequene bytaking the average over a 21 position window of the topology pro�levalue for the onsensus predition of that position (i, o, M). A relia-bility sore on the protein level is alulated by taking the minimumvalue as alulated above.�HMMTOP, MEMSAT-1.0, TopPredThese reliability sores are the same as in the work of Melen et al, 2003. Eahof the three methods produes a number of suggestions for topology preditionfrom whih the best one aording to a method-spei� sore is hosen as thereported predition. The idea for a reliability sore is that a large di�erene inthis sore between the best (hosen) predition and the seond best preditionindiates that the predition hosen is more ertain and gets a orrespondinglyhigher reliability sore.HMMTOP produes a value of entropy for the best path through its HiddenMarkov Model and an entropy for the whole model. The reliability sore isde�ned as the di�erene between them:rel. sore = entropy(best path) − entropy(model).MEMSAT-1.0 gives sores for all possible topologies starting with one helixand inreasing until a ertain sore-threshold is reahed. The reliability sore isde�ned as the di�erene between the highest sore and the seond highest sore:rel. sore = score(best predition) − score(seond best topology).TopPred relies on a hydrophobiity sale to de�ne �ertain� and �putative�helies. Alternative topologies are generated inluding all helies designated�ertain� and di�erent ombinations of the �putative� helies. The preditionwith the largest di�erene in the number of positively harged amino aids be-tween the two sides of the membrane is hosen as the �nal predition. Ranking3



the preditions in this way, the reliability sore is de�ned as the di�erene be-tween the harge-di�erenes of the two preditions of highest rank:rel. sore = ∆positive harges(best topology)−∆positive harges(seond best topology).SCAMPI-single, S-TMHMM, PHOBIUSAll three methods are implemented using the MODHMM-pakage(http://www.topons.net/index.php?about=download), whih yields output ina ommon format with a number of sores based on the posterior probabilitiesof the respetive Hidden Markov Model. The pakage also allows the �xing ofertain positions in the input sequene as being in a partiular topology state.As a reliability sore, we have used the di�erene in normalized log likelihoodfor the atual predition and a predition made after �xing the N-terminal ofthe input sequene to the opposite side of the membrane as ompared to theatual predition, i.e.rel. sore =

{

nll(pred. top.) − nll(pred. top.
Nin

), if pred. top. is Nout
nll(pred. top.) − nll(pred. top.Nout), if pred. top. is Ninwhere nll is the normalized log likelihood, Nin refers to a topology with theN-terminal in the ytosol, and Nout similarly means a topology with the N-terminal in the ER-lumen/extra-membrane spae.A higher sore means a larger di�erene in predition sore between thepredition made and a predition very lose to it, and thus indiates a higheron�dene in the predition.Agreement between input methodsThe performane of TOPCONS-single as a funtion of the underlying methods'internal agreement was investigated, and is shown in Figure 2. As a measureof �agreement�, we have used the de�nition of orret topology predition asdesribed by Krogh et al, 2001 (see above), but used to ompare two preditedtopologies. Two predited topologies are �idential� if they have the same num-ber of transmembrane helies, their N- and C-terminals are on the same respe-tive side of the membrane, and eah helix in a predition is overlapping by atleast �ve residues with its ounter-part in the other predition.Over- and under-preditionsA break-down of the predition results into di�erent ategories is shown in tables1, 2, and 3. �Over� refers to over-predition of the number of helies; �Under�similarly means under-predition of helies; �Inverse� refers to inverted topolo-gies, i.e. the number of helies is predited orretly, but the N-terminal ispredited to be on the opposite side of the membrane; �Shift� designate predi-tions where the number of helies is orret, but one or more of them doesn'toverlap with 5 residues or more with a real helix. See also the de�nition of aorret predition above. 4
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Figure 2: Performane of TOPCONS-single for di�erent amount of agreementbetween individual methods. The x-axis lists the number of agreeing methodsand the y-axis shows preditive performane in the form of auray on the leftand the fration of proteins falling into this ategory on the right.Corret Inverse Over Under ShiftTOPCONS-single 74 3 11 11 2SCAMPI-single 63 4 21 12 1HMMTOP 58 2 26 14 1S-TMHMM 52 13 14 21 1MEMSAT-1.0 57 3 16 24 1Table 1: Predition result ategory break-down for the 'all' dataset.Corret Inverse Over Under ShiftTOPCONS-single 20 1 1 0 0SCAMPI-single 14 0 7 1 0HMMTOP 16 1 4 1 0S-TMHMM 10 9 1 2 0MEMSAT-1.0 14 2 6 0 0Table 2: Predition result ategory break-down for the 'single' dataset.Results for all di�erent ombinations of input meth-ods to the TOPCONS algorithmTables 4, 5, 6, and 7 show the performane of TOPCONS-single using 6, 5, 4,and 3 input methods respetively. 5



Corret Inverse Over Under ShiftTOPCONS-single 54 2 10 11 2SCAMPI-single 49 4 14 11 1HMMTOP 42 1 22 13 1S-TMHMM 42 4 13 19 1MEMSAT-1.0 43 1 10 24 1Table 3: Predition result ategory break-down for the 'multi' dataset.
Topology preditors used all multi sp. single sp.ss, ht, tp, ps, st, ms 0.69 0.65 0.86Table 4: TOPCONS-single results for 6 input methods. st: S-TMHMM, ss:SCAMPI-single, tp: TopPred, ht: HMMTOP, ps: PHOBIUS, ms: MEMSAT-1.0
Topology preditors used all multi sp. single sp.ss, ht, tp, st, ms 0.69 0.66 0.82ss, ht, tp, ps, ms 0.69 0.68 0.73ss, ht, ps, st, ms 0.65 0.65 0.68ht, tp, ps, st, ms 0.65 0.65 0.68ss, ht, tp, ps, st 0.63 0.62 0.68ss, tp, ps, st, ms 0.62 0.65 0.55Table 5: TOPCONS-single results for all ombinations of 5 input methods. st:S-TMHMM, ss: SCAMPI-single, tp: TopPred, ht: HMMTOP, ps: PHOBIUS,ms: MEMSAT-1.0
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Topology preditors used all multi sp. single sp.ss, ht, st, ms 0.73 0.68 0.91ss, ht, ps, ms 0.71 0.67 0.86ss, ht, tp, st 0.67 0.61 0.91ss, ht, tp, ms 0.65 0.61 0.82ss, ht, tp, ps 0.65 0.61 0.82ss, tp, st, ms 0.66 0.65 0.73ht, tp, st, ms 0.61 0.58 0.73ss, tp, ps, ms 0.64 0.66 0.59ht, tp, ps, ms 0.59 0.57 0.68ss, ht, ps, st 0.60 0.59 0.64ht, ps, st, ms 0.60 0.59 0.64ss, ps, st, ms 0.61 0.62 0.59ht, tp, ps, st 0.56 0.56 0.59tp, ps, st, ms 0.59 0.62 0.50ss, tp, ps, st 0.57 0.58 0.55Table 6: TOPCONS-single results for all ombinations of 4 input methods. st:S-TMHMM, ss: SCAMPI-single, tp: TopPred, ht: HMMTOP, ps: PHOBIUS,ms: MEMSAT-1.0Topology preditors used all multi sp. single sp.ss, ht, ms 0.70 0.66 0.86ss, ht, ps 0.65 0.63 0.73ss, ht, tp 0.62 0.57 0.82ss, ht, st 0.65 0.65 0.68ht, ps, ms 0.63 0.61 0.73ht, st, ms 0.64 0.63 0.68ss, st, ms 0.64 0.65 0.64ss, tp, ms 0.59 0.58 0.64ss, ps, ms 0.63 0.67 0.50ps, st, ms 0.60 0.62 0.55ss, ps, st 0.59 0.59 0.59ss, tp, st 0.59 0.61 0.55ht, tp, ms 0.54 0.51 0.68tp, st, ms 0.57 0.58 0.55ht, ps, st 0.55 0.56 0.55ht, tp, ps 0.53 0.54 0.50ht, tp, st 0.52 0.53 0.50ss, tp, ps 0.54 0.58 0.41tp, ps, ms 0.51 0.53 0.45tp, ps, st 0.50 0.54 0.36Table 7: TOPCONS-single results for all ombinations of 3 input methods. st:S-TMHMM, ss: SCAMPI-single, tp: TopPred, ht: HMMTOP, ps: PHOBIUS,ms: MEMSAT-1.0 7


