


Gain better understanding of the GO annotation
using SVM.

Open 1ssues 1n Go context:

Effect of hierarchical level in performance.

Negative examples overwhelm the positives in the
training data.

Relaxed definition of classification correctness.




BioCreAtlve 2004 challenge

Performance of systems supporting GO
annotations

Approaches

SVM with synonymous terms.

Statistical methods, n-grams 1dentification.

Hybrid method, sentence level classification.




Phase 1: document retrieval
Documents relevant to the gene.
Phase 2: assigning codes
Which codes should assigned to each document.

Phase 3: assigning the gene/gene product

Which code should be assigned to each gene in
the document classified.




Phase 1

5 retrieval ranking strategies.

Locuslink summary and product information
Effective
Consistent with other research

In absence of summary
Manual designed generic query (Best)

Target: genetic domain




Hierarchy structure of the codes
GO’s 3 hierarchies

Link semantics:

29

Molecular functions: “is a
Biological process: “part of” (1/5) and *“1s_a” (4/5)
Cellular component:“part of” (1/2) and “1s_a” (1/2)

Document classification is not the final goal.




GO structured way to annotate a gene
Molecular Function (MF)

arbutin transporter activity

retinoic acid receptor binding
Biological Process (BP)

lipoprotein transport

phage assembly
Cellular Components (CC)

Nucleu



Entries for Homo Sapiens with locus types:

gene with protein product, function known or
inferred

Entries selected
Have TAS or IDA, not both

Total entries: 15,468

BP: 7,200 (1 to 579)
CC: 4,391 (1 to 789




Bag of words

All terms form a vector (except stop words)
MEDLINE records

Title, abstract, RN, MeSH fields.
Vector Space Model

TF*IDF

atc, ltc



Results and Discussion:
Code specific SVM classifier

Hierarchy Precision




Single Thresholding score for each hierarchy

Score assigned by SVM

Above the score are positive

Threshold selected
Take a split and divide 1n 4 folds

Cross validation
Best threshold 1s selected




Results and Discussion:
Hierarchy specific SVM score threshold

Training Testing

Hierarchy Split Threshold Precision Precision

-0.84 0.4136 : 0.4258
0.3835 0.4073
0.3734 0.3874
0.4046 : 0.4487
0.4076 0.3945
0.3965 0.4128

MF
MF
MF
MF
MF
MF

0.3185 0.3531
03214 0.3516
0.2976 0.3895
0.2997 0.2976
0.315 0.29

0.3104 0.3364

A8 B3R8A8A

0.2378 0.2585
0.2442 0.2713
0.2615 0.2884
0.2556 0.2966
0.2600 0.2220
0.2518 0.2674

SRR




Results and Discussion:
LTC term weight

Training Testing

Hierarchy Split Threshold Recall Precision Fscore Precision Fscore

-0.83 0.5971 0.4165 0.4640 04162 0.4735
0.8l 0.5732 0.4194 0.4614 0.4537 0.5091
0.81 0.5687 0.4133 0.4551 0.4311 0.4908
-0.83 0.6099 0.4079 0.4634 0.4416 05138
-0.83 0.6107 0.4148 0.4672 : 0.4036 0.4822

na 0.5919 0.4144 04622 0.4292 0.4939

MF
MF
MF
MF
MF
MF

0.5426 0.3135 0.3772 0.3248 0.3810
0.5075 0.3248 0.3765 0.3437 0.3971
0.5194 0.3136 0.3685 : 0.4075 0.4763
0.5606 0.3080 0.3779 0316l 0.3929
0.5689 0.3284 0.3956 0.3136 0.3993
0.5398 0.3177 03791 0.3411 0.4093

AB8RARBAR

0.3773 0.2596 0.2881 0.2894
0.4124 0.2595 0.2965 0.2898
0.4405 0.2522 0.2983 0.2737
0.3935 0.2344 0.2713 0.2B56
0.4472 0.2691 0.3131 . 0.2466
0.4142 0.2550 02935 0.2770

S5 598




Results and Discussion:
Feature selection

Hierarchy Num Terms FScore

DF = 0.1%




Before
Each hierarchy has a single threshold
Specific threshold for each code

Average threshold 1s 1n a small range
Optimal threshold of each code

Training and Test performance




Code specific SVM score
threshold

Hierarchy Training FScore Testing

Precision

0.3989
0.4402
0.3892
0.4394
0.4264
04188

0.3774
0.3435
0.3806
0.3273
0.3875
0.3632

0.2463
0.2727
0.2531
0.2654
0.2434
0.2562

R




Recall 1s always higher than the precision

Too much false positives

Tighter constrains and filtering

Possible future research.




Analysis of results:
Hierarchical level and performance

Hierarchy # of Codes Scores
Precision

0.1786
0.2666
0.3145
0.4449
0.4936
0.5548
0.3876
0.475
0.6

I
2
3
4
5
6
7
8
9

0.2235
04017
0.349
0.306
0.2832
02717
07917
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0.0481
0.1767
0.2517
0.2563
0.2516
0.2734
0.3251
0.2834
0.2840

PEETEREDE | RA

S00D = O LA e Lad R —




Analysis of results:
Number of positives for training & performance

Training size # codes # codes # codes
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Analysis of results:

Correlations between level and number of
positives for training

Hierarchy Level vs Size Level vs FScore Size vs FScore

0.2705*
0.0123
0.2155*%




Each level has a threshold for MF and BP
Level 2 and 3.
No testing CC

No correlation between level and performance.




Level specific thresholds

Original FScore Threshold Final FScore

03299 0.8 0.3665
0.2782 .0.83 02973
03298 .0.78 0373

0.3484 0.81 0373

03016 .0.78 03263
03176 na 0341 (+7.4%)

0.3347 0.3063
03178 : 0.3301
0.4243 0.3760
0.4263 0.3823
0.3444 0.3464
0.3695 0.3482 (-5.8%)

0.2542 0.2542
0.2951 0.2989
02261 0.2027
0.1609 0.2319
0.1507 : 0.1494
02174 0.2274 (+4.6%

02916 03020
0.3145 0.3455
0.3496 03030
03128 03164
0.3209 0.3529
03179 0.324 (+1.9%)

MF
MF
MF
MF
MF
MF
MF
MF
MF
MF
MF
MF
BF
BF
BP
BF
BF
BP
BP
BF
BP
BF
BP
BF




Assume: document 1s assigned a GO code, also
the ancestor GO code 1s assigned (implicitly).

Ancestor
How up in the hierarchy: Ancestor level
Correctness

If the correct code or its ancestor 1s assigned, it 1S
correct.

glucoside transport: carbo e transport (yes),




Relaxing the correctness criteria

Hierarchy

ANC_LEVEL

Precision

FScore

5

baseline
|

04128
0.419
0.4229
0.4243
0.4245
0.4245

0.4800
0.4847
0.4880
0.4888
0.4890
0.4880

MF
MF
MF
MF
cC
cc
cC
cC
cC

baseline
|

2
3
4

0.3364
0.3471
0.3509
0.3536
0.3540

0.4009
0.4082
04113
04132
0.4136

SS9 R%%

baseline
|

2
3
4
5

0.2674
0.2724
0.2746
0.2773
0.2776
0.2778

0.3222
0.3265
0.3285
0.3301
0.3305
0.3306




Relaxing the correctness criteria

Hierarchy

ANC_LEVEL

Recall

Precision

FScore

baseline
|

2
3
4
5

0.6639
0.6639
0.6652
0.6652
0.6652
0.6652

0.3076
0.3195
0.326
0.3288
0.3296
0.3297

0.4100
0.4309
0.4370
0.4396
0.4403
0.4404

MF
MF
MF
MF
MF
MF
cC
cC
cC
cC
cC
cC

baseline
|

2
3
4
5

0.7442
0.7442
0.7458
0.74583
0.7458
0.7458

0.3163
0.3321
0.3512
0.355

0.357
0.3572

0.4432
0.4586
0.4769
0.4804
0.4822
0.4823

TSRS RS

baseline
|

2
3
4
5

0.5578
0.5583
0.5583
0.5586
0.5586
0.5586

0.2286
0.2360
0.2432
0.2466
0.2482
0.2485

0.3236
0.3311
0.338]
0.3415
0.3430
0.3433




239 codes with less than 5 associated documents
Not tried before
Method of testing

Codes with more than 10 positive documents
Temporal sequence
5-fold strategy

Test mode
First Five Te



Code with less than five positive
documents

Hierarchy Threshold FullTest FScore Threshold FirstFveTest FScore




Thresholding at individual code level:
decreases performance.
Performance by level and number of positives:

Better for MF and BP
CC different

Relaxed evaluation criteria:

Improved



General codes in MF and BP are more difticult to
classify.

More positive 1n training data leads to a better
performance.




Ensemble of classifiers:

Through hierarchy

Explore other strategies for phase 3
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