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O Small for gestational age
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O Abnormal joint morphology
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Protein

HP:0000001
All

HP:0000118
Phenotypic abnormality

HP:0000005
Mode of inheritance

HP:0000006
Autosomal dominant
inheritance

HP:0001574
Abnormality of the
integument

HPO
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HP:0000951
Abnormality of the skin

HP:0011121
Abnormality of skin
morphology

HP:0011124
Abnormality of epidermal
morphology

HP:0001072
Thickened skin

HP:0025092
Epidermal acanthosis

HP:0011368
Epidermal thickening

HP:0000962
Hyperkeratosis

HP:0000982
Palmoplantar keratoderma

HPO Annotations
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3,722 proteins 8,067 HPO terms Avg. 119.4 annotations
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2
RS RB R
Component F.x AUC AUPR
LR-STRING 0.4174 0.6390 0.2697
LR-GeneMANIA 0.3506 0.7282 0.2605
LR-BioGRID 0.3441 0.5941 0.2677
LR-GO BP 0.3777 0.6741 0.2926
LR-GO CC 0.3643 0.6544 0.2916
LR-GO MF 0.3343 0.6081 0.2403
LR-InterPro 0.3588 0.6041 0.2699
LR-Trigrams 0.2941 0.5136 0.1564
NN-STRING 0.4213 0.7892 0.3635
NN-GeneMANIA 0.4110 0.7274 0.3550
NN-BioGRID 0.3529 0.6407 0.2822
Naive 0.3517 0.5 0.2590

Method Frn.x AUC AUPR
PHENOstruct 0.4228 0.7760 0.3596
S—D—H 0.3476 0.7606 0.2580
SVM 0.4055 0.6831 0.2900
LR 0.4242 0.6690 0.2972
HTD-DAG 0.4134 0.6832 0.2951
TPR-DAG 0.4253 0.6840 0.3170
PhenoPPIOrth 0.1430 0.5731 0.0558
HPO2GO 0.2751 0.5395 0.0936
Naive 0.3517 0.5 0.2591
HPOLabeler (Proposed) 0.4688™ 0.7956 0.4293*
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Terms Annotations

1600 -

1400 ~

1200 A Rare

20.9%

=

o

o

o
!

Very rare
37.8%

800 A

#HPO Terms

Extremely common
Common 55.2%
12.9%

Uncommon

600 17.3%

4001 Common

12.5%

Ext | Uncommon
xtremely common 5.75%

4.1% Rare _I
Very common 2.35%
7.36% )

1(')2 1(')3 Very rare
1.12%

200 A

#Annotations

HPO E\;L E ﬁ )% I~ ;[‘5] fﬁj‘ é{‘] Method Uncommon Com. Very Com.  Extremely Com.

PHENOSstruct 0.8161 0.7888  0.7748 0.7501

S—D—H 0.7925 0.7619  0.7324 0.6895

SVM 0.6690 0.6851 0.6989 0.6937

LR 0.6429 0.6704  0.6974 0.7023

HTD-DAG 0.6716 0.6842  0.6971 0.6928

« HMFJ4@ "7 TPR-DAG 0.6689 0.6849 0.7005 0.7009
PhenoPPIOrth ~ 0.5961 05745  0.5562 0.5231

o JEFRE N4 — — HPO2GO 0.5521 0.5347  0.5267 0.5306
R F 2 - Naive 0.5 0.5 0.5 0.5

HPOLabeler 0.7922 0.8046* 0.8082* 0.7778*
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HPOLabeler Test

2017-02-24 2018-03-09 m

Train L2R Test
Proteins 3,334 304 226
Used HPO terms 7,394 2,836 2,091

Annotations 107.0936 83.9079 61.5177
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AR B 2 ik hy P AR ‘ FHEAZ AR
. ¢ WHPOMRE &%
Method Fmax AUC AUPR i ‘
PHENOstruct 0.3054 0.6362 0.1424 <
S—D—H 0.1461 0.5473 0.0603 0
SVM 02791 0.5929 0.1077
LR 0.2956 0.5950 0.1119 B
HTD-DAG 0.2933 0.5956 0.1138 T o
TPR-DAG 03002 0.5962 0.1235 7] - Tonons //
PhenoPPIOrth 0.0678 0.5219 0.0121 ﬁ//
HPO2GO 0.2075 0.5083 0.0277
Naive m) 03097 05 02147 2
HPOLabeler (Proposed) 0.3415 0.6398 0.2342 XARFRBEKXA o7 %//
W AR E AR T w;——_+//////”
BRJTIRE

2018-12 2019-02 2019-04 2019-06
Time
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UniProt ID Protein name Gene symbol Disease ID HPO term ID HPO term name  Rank
. . . HP:0000924 Abnormality of the skeletal system 3

S /th -prot hosphata :
QU809 al;gg‘:gﬂﬁ;"a‘ﬂapiszgni ¥ PPPICA  OIaroa®  HP:0011842  Abnormality of skeletal morphology 9
P HP:0025031 Abnormality of the digestive system 18
. . . . ORPHA:442835 HP:0000152 Abnormality o.f head or neck 1
QO6F07 Cytoplasmic FMR 1-interacting protein 2 CYFIP2 OMIM:618008 HP:0000234 Abnormality of the head 1
HP:0000924 Abnormality of the skeletal system 3
) HP:0000478 Abnormality of the eye 3
P61981 14-3-3 protein gamma YWHAG O()Rl\ﬁlll_{/[A64£472686355 HP:0000152 Abnormality of head or neck 8
HP:0000234 Abnormality of the head 9

RIFBEFREL B A A “HBiR” ol o T
1BARIEH KA IAR I S & “EH” Lo T e
MR (Fig)

110 4106.093

99.9309

100 A 96.7401

94.9803

90 A

78.3894
80 1

FRIE A NG E G RE-FH N
AREANKEE A B o RBTAR R o |

Avg. annotations per protein

2017-02 2018-03 2018-12 2019-02 2019-04 2019-06
Time
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® © ® A HpoLabeler x 4+

<« C  ® F %2 | issubmission.sjtu.edu.cn/hpolabeler/ & w ¢ @ @ :

b HPOLabeler Download

.\. HPOLabeler

UniProt ID / Gene name Q

® © ® 2 prediction | HPOLabeler x  +
< C ©® F %% | issubmission.sjtu.edu.cn/hpolabeler/search/Q96F07 B % * 0O @ :

Try: Q08209 Q96F07 Q15149 ACE2

‘:\ HPOLabelel‘ Download

. °
Top 300 predictions of Q96F07
Show 10 4 entries Search:
Protein |2 Gene HPO term ID Sub-ontology HPO term name HPOLabeler NBR-STRING NBR-GeneMANIA NBR-BioGlI
QQ6F07 CYFIP2 HP:0000152 Phenotypic abnormality = Abnormality of head or neck 0.9561 0.6116 0.5542 0.5382
QQ6F07 CYFIP2  HP:0000234 Phenotypic abnormality = Abnormality of the head 0.9561 0.6116 0.5530 0.5295
‘ — Q6FO7  CYFIP2  HP:0000924 Phenotypic abnormality ~ Abnormality of the skeletal...  0.9541 0.5862 0.5428 0.5236
QQ6F07 CYFIP2 HP:0012638 Phenotypic abnormality = Abnormality of nervous syst... ~ 0.9531 0.6451 0.6626 0.6119
QQ6F07 CYFIP2 HP:0000271 Phenotypic abnormality ~ Abnormality of the face 0.9494 0.5779 0.4019 0.4662
QQ6F07 CYFIP2 HP:0000707 Phenotypic abnormality =~ Abnormality of the nervous ... 0.9467 0.6852 0.7224 0.6427
QQ6F07 CYFIP2 HP:0009121 Phenotypic abnormality = Abnormal axial skeleton mor...  0.9436 0.5195 0.4758 0.4481
° ° ° ° Qo6FO7 CYFIP2  HP:0011842 Phenotypic abnormality = Abnormality of skeletal mor... ~ 0.9427 0.5407 0.5291 0.5106
.
h ttD . //ISS u b ) , 1 lSSl O ) ] . SI tu . edu ° C; 1 /h D O Ia b ele r/ Q96F07 CYFIP2 HP:0000478 Phenotypic abnormality ~ Abnormality of the eye 0.9310 0.6006 0.5354 0.4794
X 7 p s
Q96F07 CYFIP2 HP:0001574 Phenotypic abnormality ~ Abnormality of the integument = 0.9297 0.6101 0.4064 0.4067
Showing 1 to 10 of 300 entries Previous 2 3 4 5 30 Next
Export full results as: CSV XLSX
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The Fifth CCF Bioinformatics Conference (CBC2020)

heB=. RRASTEARKRA

( BtE: 13:30-17:50 M. —RETHIT)

F—ME ERA: & 7 (ARBRTREXE 8% )

B 8] HBEA TiE8fr & E
% : ; S Proteome-scale Analysis of Phase-separated
;g 13:30-13:55 | 445 ERKE Proteins in Immunofluorescence Images
=
_ _ i From dbCAN to eCAMI: Simultaneous Classification
13:55-14:20 | % M Lk and Motif Identification for Enzyme Annotation
_ _ p— — HPOLabeler: Improving Prediction of Human Protein -
14:20-14:35 | XU gBxF Phenotype Associations by Learning to Rank ( ID:70 )
+ Critical microRNAs and Regulatory Motifs in Cleft Palate
5 14:35-14:50 | FER BRI KE Identified by a Conserved microRNA-TF-gene Network
1B Approach in Humans and Mice (ID:05)
& Genome-wide Analysis of the Expression of Circular RNA
14:50-15:05 | BiRR | EEMEMEXKE Full-length Transcripts and Construction of the
circRNA-miRNA-mRNA Network in Cervical Cancer(ID:78)
EkiE Predicting RBP Binding Sites of RNA with High—order
15:05-15:20 . KERIEKXE Encoding Features and a CNN-BLSTM
=1 a

Hybrid Model ( ID:52 online )
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Base Method Data source(s) HPO hierarchy Optimization
Label LP [59-60] PPI - Closed-form sol.
ropagsation DLP [61] PPI Raw HPO DAG L-BFGS-B
propag tIDLP [61] PPI, GO annotation Raw HPO DAG L-BFGS-B
SMC [62] - _ ALS
Matrix MCNMF [63] PPI Jaccard coefficient ALS
completion GC’NMF [64] PPI, Pathway Depth-adjusted DAG ALS
P Ai1ProAnnotator [65] PPI Lin method ALS
HPOAnnotator [66] Multiple PPIs Lin method ALS

c MARRRBAEATEOR-FFEAEXRZAANEBXEK, REATIFIEXEK
o« REEFHIRARME R L F I 461t 44, MEAT /rEEk
« EATLERAAXAR L EFBREE T HREF I OTNH &
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STRING Simic Proteins HPO terms
Nt
IC(t) = —log — N
N A_|0 Y
. 2 X IC(tMICA) ( 1 ) T '?T 0
t1,t = 1 —
simyc(t1, t2) IC(t1) + IC(t2) X T+ 1C(tvmcn)

[Li et al. BIOCOMP, 2010]
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Proteins HPO terms

(a) Bi-GCN Block (b) S-GCN Block
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"""""""""" = D - ) ) Y; J = u( )V( ) i

BN = Batch Normalization U® = Dense;” (BN§’2) ( -~ Dense;, (E§’2)) ))
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Enhanced annotation matrix g-enhanced loss function
~ L /|2 2
o fe it¥i=1, L=]20 (Y =¥)[3+ O]
S 0 otherwise. ( 1 ?ij in the training set,
Qij = }
\O otherwise
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Training set Test set Test set

[Gao et al. BIBM, 2018]

[Petegrosso et al. Bioinformatics, 2017] {
[Gao et al. BMC Med Genomics, 2019]
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Version Proteins HPO terms
2019-02-12 3,884 8,289
Fi F 3 %3 -
AT R B AR S St LI AT

Method AUC AUPR AP@5k AP@10k AP@20k AP@50k
LP 0.9318 03776 0.6426  0.5198 0.3976 0.2446
DLP 0.9319 0.3823 0.6570 0.5304 0.4051 0.2492
tIDLP-BP 0.8855 0.3557 0.6137 0.5051 0.3906 0.2406
tIDLP-MF 0.9260 0.3903 0.6640 0.5426 0.4181 0.2588
SMC 0.8636 0.3857 0.7638  0.6641 0.4858 0.2617
AiProAnnotator 0.9461 0.3711 0.6600 0.5678 0.4146 0.2212
HPOFiller 0.9288 0.4345* 0.8347* 0.7138* 0.5423* 0.3109*




Scores

B HPOFiller

0 w/o BN

B w/o Bi-GCN
0.81 mmm w/o S-GCN
I w/o Bi-GCN & S-GCN
[

w/o Dense

0.6 -

-3.9% -4.5%
0.4 -

0.2 -

0.0 -
AUPR

-8.9% -7.8%

AUC
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Proteins HPO terms Training set Test set
Before 2019-02-12  2019-02-12 to 2020-06-08
3,884 8,797 71,835 pos. (0.21%)

74,487 pos. (139%) 33 631,226 neg. (98.40%)

AP R B PER G

Note: “pos.” refers to positive sample, while “neg.” refers to negative sample. \ 4 ']‘i é‘% ‘i—T‘ 'f# & %
Method AUC AUPR
LP 0.8916 0.0461
DLP 0.8913 0.0472
tIDLP-BP 0.8900 0.0472
tIDLP-MF 0.8885 0.0471
SMC 0.8326 0.0224
AiProAnnotator 0.8404 0.0211
HPOFiller 0.9013 0.0483
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Rank UniProtID  Gene Protein name HPO term ID HPO term name Reference Evidence
“Progressive accumulation of genetic errors
32 Cellular tumor HP:0000153 Abnormality of the mouth (including mutations in TP53 and CDKN1A)
45 P04637 TP53 anticen 53 HP:0031816 Abnormal oral morphology Pandya et al. (2018) is associated with the initiation and progression
47 genp HP:0000163 Abnormal oral cavity morphology of potentially malignant oral lesions toward
frank malignancy.”
4 HP:0000707  Abnormality of the nervous system
6 HP-0012638 Abnormality of nervous “Central nervous system (CNS) metastases are a
Epidermal erowth ' system physiology common complication in patients with epidermal
P00533 EGFR P & Abnormality of nervous Ahluwalia et al. (2018) growth factor receptor (EGFR)-mutated
41 factor receptor HP:0012639 .
system morphology non-small cell lung cancer (NSCLC), resulting in
94 HP-0002011 Morphological abnormality of a poor prognosis and limited treatment options.
the central nervous system
. o “The fact that both endodermal and ectodermal
4263 HP:0010461 Abnormality of the male genitalia 5-Catenin knockout animals develop severe
h .. . ibili
4665 P35222 CTNNBI  Cateninbeta-1  HP:0000811 Abnormal external genitalia Lin ef al. (2008) ypospadias in both sexes raises the possibility
that deregulation of any of these functions can
5280 HP:0000032 Abnormality of male external genitalia contribute (o the etiology of congenital external
genital defects in humans.
“At the age of 10 months, he showed ... no active
Aspartate-tRNA i ith hypotonia. ... A
4759 Q6PI48  DARS2 spartate HP:0001252 Muscular hypotonia Kohler et g, (2015)  mving with muscular hypotonia

ligase, mitochondrial

homozygous mutation in the DARS2 gene is most
probably the cause of the disease (LBSL).”
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Rank Protein ID Gene Protein name HPO term ID HPO term name Disease ID Disease name
Cerebral arteriovenous Arteriovenous malformations
114 P05231 IL Interleukin- HP:00024 MIM:1 1
0523 6 nterleukin-6 0002408 malformation O 08010 of the brain (BAVM)
1323 Q30201 HFE Hereditary hemochromatosis protein HP:0000726 Dementia

OMIM:104300  Alzheimer disease (AD
4032 P05164 MPO Myeloperoxidase HP:0002423  Long-tract signs zheimer disease (AD)

Note: ‘HPO term’ refers to the predicted missing HPO annotation of corresponding protein by HPOFiller.

—

HFE

IL6 >

MPO

Arteriovenous malformations
of the brain (BAVM)

Alzheimer disease (AD)
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Method Mode Downstream Network  Technique
deepNF [86] Unsupervised SVM Multiple Deep learning
DeepMNE-SVM [87]  Unsupervised SVM Multiple Deep learning
DeepMNE-CNN [88]  Unsupervised CNN Multiple Deep learning
BIONIC [89] Unsupervised LR Multiple Deep learning

LP [59-60] Semi-supervised - Single Traditional

RANKS [90] Semi-supervised - Single Traditional

GeneMANIA [91-92] Semi-supervised - Multiple  Traditional

Mashup [85] Unsupervised SVM Multiple  Traditional

s FEBRFIHLZTFEZR/ SN EMEREFAESRA—NEERAL, TREFRRK

AP &P B3R5 &

c RBBREIFEAAARDELIBARBIANELT, ABACHOEGRAIEE
Bx—BBAE L, STEA, hZANTE QR A BRI SA8 P F 8L
c MARBUAKBEHNFCHEGRFEALAMNEE, RARAFERLIHRGE

BFIF &
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LeakyRelLU

Batch Norm

LeakyReLU
Dropout
I I
o )
(@) (@)
d d
3 3
w \V]

HEN ENEEE

[ Batch Norm ]
Dense
LeakyReLU

[ Batch Norm ]
Dense
LeakyReLU

r— 77— 1|
| GCN GCN GCN GCN GCN GCN GCN
M ﬁ } Eﬂ [BlockJ Block} [BlzckJ [Blgck 1 [BlzckJ [Blt;ck} [Blgck} oo
STRING PPMI Matrix :
|
: GCN GCN GCN GCN GCN GCN GCN
N i CYNE- PRI N
|
|
|
: GCN GCN GCN GCN GCN GCN GCN
l Block Block Block Block Block Block Block
[~ EHEEHEE-EEHE
HumanNet PPMI Matrix !
_ 1 _1
Ag=D_2AsD_>2
- L. MR EAEZ & T 1% % (Positive Pointwise Mutual Information, PPMI) 4& %,
HFHEAFIERE Aoy ST, Aa“))

o . &AM IR LARELE ST AR
1
Zs AG,sj Zt AG,it

X = 0.1
G,ij max( » 1082 ( [Cao et al. AAAI, 2016]
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Batch Norm
LeakyReLU

< - 58l

STRING PPMI Matrix

-~

GeneMANIA-Net PPMI Matrix

>

HumanNet PPMI Matrix

HY

[\

Dense
LeakyReLU

[ Batch Norm

[ Batch Norm ]
Dense
LeakyReLU

GCN GCN GCN GCN GCN GCN GCN
Block Block Block Block Block Block Block
2 3 4 5 6 7 8
GCN GCN GCN GCN GCN GCN GCN
Block Block Block Block Block Block Block
2 3 4 5 6 7 8
GCN GCN GCN GCN GCN GCN GCN
Block Block Block Block Block Block Block
2 3 4 5 6 7 8

LeakyReLU
Dropout
I
o
(@)

g
3
w

O e

<2 -F /% (over-smoothing)

o V. A% B EREAEF T A4s £ T (Initial representation)
F= 8 55 B4t (Identity mapping) , #J8GCNIIE : [Chen etal. ICML, 2020]
O HY =0 (((1-)PcHG ™ +oHY) (1 - )1+ /WD)
- ,
c L. BEASELANLBHWNHTNFREE] [Li et al. 2020]
GCNIl = Batch Normalization = LeakyReLU — Dropout

HEN ENEEE
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>

HumanNet

PPMI Matrix

-l

PPMI Matrix

PPMI Matrix

Batch Norm

[\

[ Batch Norm
Dense

Dense

[ Batch Norm ]

LeakyReLU LeakyRelLU

LeakyReLU

=

GCN GCN GCN e T 1|
Block Block Block Block |
: ° ! 8 Output |

|

|

FHEHEAEAE el e

LeakyReLU
Dropout
I
o
(@)

(§|
3
w

LT 711

|

HEEEAE

F. KHEDXFENRERTHELRAREBEERT

. ¥

L
-

U;,; = sigmoid (e; - 6;)
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GeneMANIA-Net

>

HumanNet

PPMI Matrix

PPMI Matrix

Batch Norm

[ Batch Norm ]

PPMI Matrix

[ Batch Norm ]

GCN GCN GCN GCN GCN GCN GCN GCN
Block Block Block Block Block Block Block Block
4 5 6 7 8
GCN GCN GCN GCN GCN GCN GCN
Block Block Block Block Block Block Block
2 3 4 5 6 7 8
GCN GCN GCN GCN GCN GCN GCN
Block Block Block Block Block Block Block
2 3 4 5 6 7 8

Binary cross-entropy loss

L = Zﬁt = ZZ Yt Yi ¢ log(Fi,¢) + (1 — yi,¢) log(1 — 5 ¢ )]

t=1::=1

LeakyRelLU

Dense
LeakyReLU

HEN ENEEE

Dense
LeakyReLU

m,
Adjustment weight: 7t = m—i_ X 7 7 -F-# (class-imbalance)
¢

LeakyReLU

Dropout
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, HPO term Avg. annotations
Protein .
11-30 31-100 101-300 >301 per protein
3,652 1,514 1,128 678 384 140.5523

Version: 2020-03-27
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Table 3. Cross-validation performance under macro-averaged metrics

Method 11-30 31-100 101-300 >301
M-AUC M-AUPR M-F1 M-AUC M-AUPR M-F1 M-AUC M-AUPR M-F1 M-AUC M-AUPR M-F1
deepNF 0.7897 0.2510 0.3398 0.7809 0.2677 0.3577 0.7565 0.2907 0.3545 0.7262 0.4529 0.4688

DeepMNE 0.8084 0.2750 0.3682 0.8042 0.2860 0.3770 0.7815 0.3238 0.3822 0.7512 0.4859 0.4924
BIONIC 0.7970 0.2628 0.3548 0.7976 0.2783 0.3708 0.7806 0.3165 0.3808 0.7543 0.4826 0.4962

LP 0.8510 0.2437 0.3354 0.8385 0.2626 0.3546 0.8128 0.3189 0.3805 0.7713 0.4941 0.5024
RANKS 0.8500 0.2561 0.3493 0.8353 0.2562 0.3497 0.7925 0.2726 0.3430 0.7099 0.3996 0.4450
Mashup 0.8007 0.2881 0.3793 0.7984 0.3051 0.3985 0.7796 0.3440 0.4016 0.7561 0.5053 0.5041

GeneMANIA  0.8613 0.2857 0.3771 0.8584 0.3065 0.3969 0.8350 0.3526 0.4090 0.7939 0.5190 0.5240

HPODNets 0.8635 0.3073* 0.4014* 0.8573 0.3302* 0.4215*  0.8373 0.3778* 0.4327*  0.8029 0.5518*  0.5425*

Notes: *Statistical significance (P < 0.05) by pairwise t-test. The boldface items in the table represent the best performance, and the runner-ups are underlined.

Table 4. Cross-validation performance under micro-averaged metrics

11-30 31-100 101-300 >301
Method
m-AUC  m-AUPR m-F1 m-AUC  m-AUPR m-F1 m-AUC  m-AUPR m-F1 m-AUC  m-AUPR m-F1

deepNF 0.7972 0.1562 0.2379 0.7882 0.2201 0.2863 0.7656 0.2771 0.3181 0.7887 0.5489 0.5392
DeepMNE 0.8143 0.1829 0.2617 0.8111 0.2467 0.3045 0.7892 0.3091 0.3427 0.8061 0.5667 0.5524
BIONIC 0.8045 0.1754 0.2536 0.8112 0.2441 0.3018 0.7921 0.3071 0.3402 0.8106 0.5778 0.5537
LP 0.8512 0.1503 0.2312 0.8455 0.2293 0.2816 0.8206 0.3091 0.3400 0.8164 0.5697 0.5524
RANKS 0.8529 0.1506 0.2329 0.8443 0.2205 0.2782 0.8069 0.2651 0.3065 0.7727 0.4879 0.4993
Mashup 0.8040 0.2040 0.2875 0.8018 0.2733 0.3345 0.7857 0.3352 0.3652 0.8096 0.5792 0.5628

GeneMANIA 0.8256 0.1575 0.2426 0.8164 0.2271 0.2892 0.7730 0.2601 0.2998 0.7589 0.4713 0.4842
HPODNets 0.8663* 0.2157 0.2913  0.8631" 0.2986™ 0.3527*  0.8419* 0.3688™ 0.3925*  0.8236" 0.5988™ 0.5607

Notes: *Statistical significance (P < 0.05) by pairwise t-test. The boldface items in the table represent the best performance, and the runner-ups are underlined.
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Training Test
Before 2019-02-12 2019-02-12 to 2020-10-12
Protein Avg. annotations Protein Avg. annotations
3884 120.1645 561 82.0053
HPO term
11-30 31-100 101-300 >301

1446 1072 655 379
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Table 5. Temporal validation performance under macro-averaged metrics

Method 11-30 31-100 101-300 >301
M-AUC  M-AUPR M-F1 M-AUC  M-AUPR M-F1 M-AUC  M-AUPR M-F1 M-AUC  M-AUPR M-F1
deepNF 0.6074 0.0768 0.1168 0.5905 0.0747 0.1266 0.6195 0.0953 0.1686 0.6245 0.2303 0.3008
DeepMNE 0.6131 0.0720 0.1119 0.6259 0.0733 0.1229 0.6388 0.0992 0.1721 0.6442 0.2379 0.3108
BIONIC 0.6155 0.0688 0.1040 0.6062 0.0677 0.1217 0.6334 0.0932 0.1686 0.6413 0.2361 0.3108
LP 0.6521 0.0611 0.1040 0.6344 0.0501 0.1044 0.6569 0.0793 0.1577 0.6521 0.2215 0.3099
RANKS 0.6004 0.0567 0.0958 0.6057 0.0569 0.1105 0.6281 0.0819 0.1563 0.6262 0.2152 0.2956
Mashup 0.5896 0.0679 0.1016 0.5850 0.0766 0.1285 0.6019 0.0987 0.1702 0.6181 0.2391 0.3010

GeneMANIA 0.6468 0.0709 0.1143 0.6599 0.0613 0.1172 0.6718 0.0884 0.1646 0.6784 0.2412 0.3249

HPODNets 0.6903 0.0864 0.1273 0.6822 0.0944 0.1571 0.6859 0.1196 0.2004 0.6821 0.2771 0.3442

Notes: The boldface items in the table represent the best performance, and the runner-ups are underlined.

Table 6. Temporal validation performance under micro-averaged metrics

11-30 31-100 101-300 >301

Method
m-AUC m-AUPR m-F1 m-AUC m-AUPR m-F1 m-AUC m-AUPR m-F1 m-AUC m-AUPR m-F1
deepNF 0.6184 0.0274 0.0646 0.6213 0.0377 0.0770 0.6349 0.0630 0.1122 0.7278 0.3485 0.3936
DeepMNE 0.6107 0.0201 0.0514 0.6305 0.0334 0.0730 0.6571 0.0648 0.1177 0.7500 0.3618 0.4062
BIONIC 0.5806 0.0242 0.0456 0.6273 0.0300 0.0659 0.6561 0.0633 0.1123 0.7381 0.3394 0.3874
LP 0.6099 0.0124 0.0478 0.6539 0.0196 0.0555 0.6785 0.0547 0.1098 0.7484 0.3462 0.3952
RANKS 0.5764 0.0134 0.0492 0.6177 0.0202 0.0586 0.652 0.0524 0.1039 0.7155 0.2767 0.3560
Mashup 0.5988 0.0263 0.0466 0.6056 0.0361 0.0754 0.6178 0.0648 0.1108 0.7197 0.3519 0.3953

GeneMANIA 0.5645 0.0110 0.0475 0.6309 0.0221 0.0574 0.6638 0.0570 0.1085 0.7458 0.3479 0.3920
HPODNets 0.6888 0.0359 0.0672 0.7037 0.0471 0.0931 0.7147 0.0893 0.1500 0.7318 0.3549 0.3927

Notes: The boldface items in the table represent the best performance, and the runner-ups are underlined.
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Table 7. New candidate proteins ranked by prediction scores by HPODNets for

Pneumonia (HP:0002090)
Rank Protein Gene Evidence PMID
1 P13232 IL7 (Monneret et al., 2020) 32728202 R . > o .
2 P48551 IFNAR2 (Sa Ribero et al., 2020) 32726355 SARS COV-:F;HLIFN 6’31%%7]&:!4‘, —7%%‘1@’%
3 Q15116 PDCD1 (Zhang et al., 2020) 32048861 A
6 P42226 STAT6 (Nepal et al., 2019) 31363052 {6} et
7 Q92949 FOXJ1 (Schaefer et al., 2020) 32561849 ! )
8 P23458 JAK1 (Sa Ribero et al., 2020) 32726355 / oo~ M .
10 Q00978 IRF9 (Sa Ribero et al., 2020) 32726355 N

e —~ ° o
o /
ORF3b \M

IFN-0/B

® ®

¢ /
Y VAV VAV VV.V.V.V.Y.
Nucleus

{

[Ribero et al. PLoS Pathog., 2020]
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Table 8. Top literature-supported predictions of novel proteins stored in STRING, GeneMANIA-Net and HumanNet databases

Rank UniProt ID Protein name Gene HPO term ID HPO term name Evidence PMID
6 HP:0011109 Chronic sinusitis (Hoben et al., 2018) 29727693
12 Axonemal dvnein licht HP:0011539 Atrial situs ambiguous (Tarkar et al., 2013) 23872636
13 014645 Y 8 DNALI1 HP:0011535 Abnormal atrial arrangement (Tarkar et al., 2013) 23872636

intermediate polypeptide 1
17 intermediate potypeptide HP:0000433  Abnormality of the nasal mucosa  (Peng ef al., 2018) 29635245

22 HP:0001748 Polysplenia (Tarkar et al., 2013) 23872636
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Table 9. Novel disease-gene associations found by HPODNets by bridging between the protein-HPO term predictions and known disease-HPO term annotations.
Top 5 confirmed predictions that are newly added to the latest database are shown below

Rank Disease ID Disease name HPO term ID HPO term name Protein Gene Score
1 . . . : . Q8TAQ2  SMARCC2  0.999952
21 ORPHA:1465 Coffin-Siris syndrome HP:0008398 Hypoplastic fifth fingernail Q96GM5 SMARCDI  0.999882
366 ORPHA:2609  Isolated complex I deficiency = HP:0008316  Abnormal mitochondria in muscle tissue P56556 NDUFAG6 0.999499
406 . : . . P62899 RPL31 0.999426
478 ORPHA:124 Blackfan-Diamond anemia HP:0001972 Macrocytic anemia P62244 RPSI5A 0.999363

Coffin-Siris syndrome

{

SMARCC2 ] [ SMARCD1 ) [ NDUFAG ] [ RPL31 ] [RPS15A)

—
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