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J

Technical advances on several frontiers have expanded the aﬁplicability of existing methods in structural
biology and helped close the resolution gaps between them. As a result, we are now poised to integrate
structural information Ealhered at multiple levels of the biological hierarchy — from atoms to cells —into a
common framework. The goal is a comprehensive description of the multitude of interactions between
molecular entiies, which in tum s a prerequisite for the discovery of general structural principles that
underlie all cellular processes.

he structures of individual macromolecules are  domains are important units that are shuffled, duplicated,
often uninformative about function if taken out  and fused into larger proteins. Although the universe of
of context. Just as words must be assembled into  distinct amiino acid sequences is essentfally unlimited, the
sentences, paragraphs, chapters and books to  number of different folding patterns for the domains s not.
make sense, vital cellular functions are Extrapolation based on the existing databases of protein

Sali et.al. Nature (2003)
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Can we deduce the 3-D structure of the molecule from a set
of 2-D projection images with unknown relative orientations?
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C. Yang et.al. JSB (2005)
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Near-atomic Resolution Structures by Single Particle Cryo-EM

L Selected Effective Modeling
Complex Publication Particles Software | CPU hrs resolution (A) method

Fourier-Bessel

NEWLEREES | o g9 IMIRS ~ 103 3.8 &

CPV
15 May 2008 R B 5

Nature (451) Direct Fourier

€ 15phage oo 2008 30:259 EMAN ~106 4.5 inversion
Structure (16) Direct Fourier

el March 2008 ~ 20401 EMAN N/A 42 inversion
: PNAS (105) 105 Direct Fourier

Rotavirus 12 Feb. 2008 18,125 FREALIGN 10 3.8 version

#WIEXKE “Current Opinion in Structural Biology” 2008, 18:218-228
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FELHR DL AT - FHEF
v BEHEEBRK R v Adaboost ik
v MIEMEILR v B/NEB R
v Doy REE
vV BAZE/REARE

Ngoritim ———____ FPR (%)  FNR(%)  DR(%)

AW . ]

Adaboost (726&786) 3.1 10.7 89.3
Improved adaboost (826&803) 7.5 4.4 95.6
Bayesian classifier (729&778) 5.5 12 88
Min-distance (758&760) 8.2 11 89

Cross —correlation (854&897) 1.67 6.47 93.53
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b /BiHhiR (Makespan Minimization)
s : J—>P ((J={1,2..n}, P={1,2..m})

eThe finishing time of processor i

F(s)= > p, i=12.m

s())=

eThe makespan is: F(S) = IE]_aX{Fi (s)}

e Strongly NP-hard problem

BATRE T —Fh B BN KRR R
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OI’ve got a structure, what next?
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OI’ve got a structure, what next?

Modeling + docking
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Bern’s algorithm
’ i F LA IR AR
. udtie's aigorithm H ] R T T
EFHAMRILAE.  Penczek’s algorithm {EBH3D S HR 4E 1 -
o o g BB B
Roseman’s algorithm Sz B 5 B H
Sigworth’s algorithm
Bajai’s algorithm
’ | S EREAER
Hall .s algorlthr'n ~ A LT R
B FHFIE Mallick’s algorithm FIH U541 B T
: : ‘ [ B BT R 7
Volkmann’s algorithm e AL P =

Zhu's algorithm

HIEKE “Nature Methods” 2008, 5(7): 651- 658
“Journal of Structural Biology” 2004, 145
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“Journal of Structural Biology” 145 (1-2) HIZi+4 R

Test Bajaj Bern Mouche Haas Hall Ludtke Mallick Penczek Roseman | Sigworth | Volkmann | Zhu
(Manual) | (Manual)
Truth
Bajaj (1269) 339 24.7 31.0 422 519 28.0 529 17.4 374 38.5 24.0
11.5 8.3 7.0 24.3 21.0 9.8 25.2 14.0 5.1 9.2 11.4
Bern (948) 11.5 16.2 21.5 36.3 43.1 17.7 48.4 10.3 26.4 29.9 17.1
33.9 23.8 21.0 377 30.3 23.1 38.8 30.3 16.7 22.8 28.0
Mouche (1042) 8.3 238 11.7 274 434 14.2 46.8 24 23.2 274 9.7
24.7 16.2 23 22.0 23.7 11.7 30.7 16.6 4.5 12.2 13.7
Haas (944) 7.0 21.0 2.3 26.2 41.1 12.2 44.0 1.5 184 229 8.8
31.0 21.5 11.7 28.2 28.4 18.4 33.9 239 84 15.7 21.3
Hall (969) 243 37.7 22.0 28.2 52.0 30.1 55.9 19.3 353 393 25.7
422 36.3 274 26.2 39.9 33.2 46.6 35.8 25.2 31.7 33.7
Ludtke (775) 21.0 30.3 232 28.4 39.9 23.0 483 20.3 27.1 323 23.5
51.9 434 434 41.1 52.0 41.2 50.0 49.4 32.7 39.1 454
Mallick (1015) 9.8 23.1 11.7 18.4 332 41.2 46.7 7.0 25.8 30.1 14.5
28.0 17.7 14.2 12.2 30.1 23.0 32.5 22.6 10.3 17.9 20.5
Penczek (799) 25.2 38.8 30.7 33.9 46.6 50.0 325 23.7 384 39.7 30.2
52.9 48.4 46.8 44.0 55.9 48.3 46.7 50.0 41.3 44.0 49.1
Roseman (1219) 14.0 30.3 16.6 23.9 35.8 494 22.6 50.0 33.1 349 17.5
17.4 10.3 2.4 1.5 19.3 20.3 7.0 23.7 2.7 7.8 7.8
Sigworth (838) 5.1 16.7 4.5 84 25.2 327 10.3 41.3 2.7 12.3 6.8
374 26.4 23.2 18.4 35.3 27.1 25.8 384 33.1 14.6 28.1
Volkmann (861) 9.2 22.8 12.2 15.7 31.7 39.1 17.9 44.0 7.8 14.6 11.5
38.5 29.9 274 22.9 39.3 32.3 30.1 39.7 34.9 12.3 30.0
Zhu (1109) 11.4 28.0 13.7 21.3 33.7 454 20.5 49.1 7.8 28.1 30.0
24.0 17.1 9.7 8.8 25.7 23.5 14.5 30.2 17.5 6.8 11.5
Median/Mean | FNR | 11.4/13.3 [ 28.0/27.9 | 16.2/16.2 |21.522.0 | 43.4/445 | 33.7/34.4 [ 20.5720.8 | 48.3/47.9 |7.8/10.9 27.1/28.0 30.1/30.7 17.1/17.2
FPR | 33.9/34.7 |21.5/25.3 |23.2121.7 |18.4/18.7 | 27.1/28.9 | 30.1/33.6 | 23.1/23.8 3200354 30.3/29.8 | 10.3/15.1 15.7/20.6 28.0/26.3
Standard FNR | 7.0 7.1 8.6 8.0 6.0 6.7 7.3 4.1 7.9 7.7 8.0 7.8
Deviation FPR | 11.3 12.8 14.2 14.4 8.6 1.9 13.0 g8 2 |14 12.7 12.4 13.2
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File Edit Help
BA +/xQeQ
FindEM ~ ProcessEM

Method: | AdaBoost
Thresh

Picker

boxer: |64 ‘

featFile: [‘Jdivide/tl feat ‘ >>

‘ trainDal indow

thresholdo: | 0.885

|:|:l:|

Batch l l ko |

01nov26b.006.001.001.002.mrd|
01n0ov26b.006.002.001.002.mr
01nov26b.006.004.001.002.mr

et D

row:1024 col:1024
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File Edit Help

= -
FindEM [ ProcessEM |

Method: ‘ AdaBoost

Thresh
64

/divide/tl.feat | >>

trainData-Window

thresholdo: [ 0.92

|

01n0ov26b.001.001.001.002.mr
01nov26b.001.002.001.002.mr R
. [t5.feat (~/workingjwork-c/EM/Im

1 et
| s [software - et

# Imageview.cpp (~ fworking/wo

. || 21 picker

row:1024 col:1024
| ssw@ssw-desktop: ~/working/wo

"




TRt Bl 48R LT A

INSTITUTE OF COMPUTING TECHNOLOGY , CHINESE ACADEMY OF SCIENCES

HiENESIEEEE— SADS AT hn ek
HEMNISHEHEE -- SADS

1. Determining the processing time;

2. Minimizing the makespan;

3. Solving the sub-set sum problem (Integer Non-linear Programming )

EFEMAN BRIP4k«

1. Target value has an upper bound polynomial in the input size.

Zp, <> p SZp, > (ak, +b) =aN +b
j=1

jes; jes;

2. Processing time p; can be rounded to an integer.
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2. BENSEHERLA— SADS Byl
SADS

Set initial values, a® = 1, b(® =0, , and p(% = k(9, i=1,2...n

2. For k=0 to ITER - 1 do
2.1 Distribute n tasks to m processors by means of estimated
values of p¥
2.2 Run classalign2 for each task and record the actual processing
time t(,
2.3 Update values of a and b by means of the least square method.

nzn: (00 _Zn: e Zn:ti(k) y £ (&) y (k©)? Zn: e Zn: NCHE
i=1 =1

qkH) — _i=t i=1 i=1 &+ —
n n n
k)2 k)2
ny (k) - k")’ HZ(kf - K)
i=1 i=1 i=1 i=1
2.4 Estimate processing time of the next round:
p(k+1) _ a(K+1)K(k+1) _I_b(k+1) J ~1.2.n

End
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T 3] (adaboost) 5%

R W

oFort=1,...,T "
LA BE, FERwA— MRS AW, =
2. XL, UG — 5570 Resh, > W,
FErt FH AR R R R =1
g => W, [h;(x)-|
i=1
3. PR E /NS5 2R 4Rh,
4, SRR AR PR W, = Wt,ilgtl_ei B = - &t
e

s g #2 EI72R, =0, &Glle=1
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