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Major revision of the Allergen Database for Food Safety
(ADFS) and validation of the motif-based allergenicity prediction tool

Ryosuke Nakamura®, Rika Nakamura and Reiko Teshima

We have been maintaining an integral web server system, the Allergen Database for Food Safety (ADFS), since
2005 (http://allergen.nihs.go.jp/ADFS/). Recently, a group at the University of Nebraska-Lincoln released a new
version of an allergen database, AllergenOnline. This database includes more than 1,300 allergens, all of which
have been peer-reviewed by an international board of allergology experts. Here, we have totally revised the
dataset of the ADFS by comparing it with that of AllergenOnline to improve the reliability of our allergen data.
Moreover, the performance of our web-based tool for predicting new allergens (motif-based method), which
was developed according to a theory proposed by Stadler & Stadler (2003), was validated using three methods.
As a result of the integration of this allergen data, the number of (iso)allergens in the ADFS has increased to
1340, and epitope information is now available for 76 allergens. Using model datasets, the precision, recall, and
specificity of our motif-based allergenicity prediction tool was proved to be 100.0%, 99.4%, and 100.0%, re-
spectively. These results were similar to those for the original motif-based prediction model that was previously
reported and are much better than those of the method recommended by FAO/WHO, especially with regard to

the precision of predictions.

Keywords: allergen, database, allergenicity prediction, epitope, motif
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Recall = TP / (TP + FN)

Speciﬁcity = TN / (TN + FP)
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WBIEDOT VIVE o —7 = 2% L CBLASTIC L %

X7 TA XRBEATIR) FIETH D, ZOTEIZONT
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Ved AIIergen
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(Motif discovery)
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Sequence set

Predlcted
Non- AIIergen

Fig. 1. Schematic of motif-based allergenicity prediction method.
Allergen sequences in the ADFS (923) were submitted
to MEME, and 58 allergen motifs were extracted. Of the
923 sequences, 782 matched one or more of the allergen
motifs, while the remaining 141 sequences did not match
any of the motifs. The query sequence is first compared to
the 58 motifs using the pftool; then, it is compared to the
remaining 141 sequences using BLAST pairwise alignment
tool. The query sequence is predicted to be a potential
allergen if it is identical to either an allergen motif or an
allergen sequence.
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JERE &, FOIMGREICYT-HEDOIET LA TR
JERECA & 2 W, R — U ENFEITIELL T VLS
UMEETFHITTE DT OWTHRT=. Motif-basedik: Tl
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Fig. 2. Performance of motif-based allergenicity prediction method.
Test sequences composed of 902 true allergens and 2706
true non-allergens were submitted to the motif-based
allergenicity prediction tool in the ADFS. The prediction
stringency was varied by adjusting the BLAST E-value
cut-off. The best results were obtained when 10" was
used as the E-value cut-off. See the Materials and Methods
section for the definitions of Precision (O), Recall (0), and

3.4 107 EIRERBRE
FROBRBT, VI L AERLETF—HZ_N—2 T
YT ULAT UVESIBENEEN TSI LIZ2 5.
T, EBRIZT VAT UMERRMOZ R0 E AR
TR LA 2 BB 5720, WRIZ105 B2 =R R %
17782 o572 (Table 1). Z i, AFFI02FED T LV v
les a7 L7 7y MEZIOZEL, —D—D2DT —X
Ty MZ2OWT, BOBHEZEERWDI>DT —#
ty bEHWTERLEEF—T7BIOY—7 = AT
LV Z2ITR Y FIETH D). HF—Fy Mcky
Precision, Recall, Specificity® & &t 73 fix KI1Z 72 2 BLAST
E-values v b4 Z7fEIZ102: 5107 TOMTLEIL L=,
L, v AEIONBEILIEEOT—2 %y hO
XS oXICE Db MRl N D, FEEIC—F DR
TH7ZVEINIZHETH D Z &b, Al 7eE-value
By NATEE —ORETHZ EIIRETH Y, WYl
Bra—VHEBRETRETHDLEEZEXD. Lo
ADFSTIE, A RO KETH 510°% & > TBLAST E-
value v NATZEOPIIMEL T 52 & & Lz, ZoO%M
WZH1F 51053 HIZZ 22 BR O AT F % 7= L 72 D »3Table
1ThD. F¥T 5 &, Precision 96.5%, Recall 85.5%,
Specificity 98.9 % & 72 o 7z. Stadler & H320034F |2 # 5

Specificity (@). LU 72 U Cid,  [Fl¥E OPrecisionds & URecallidx = 11 £ 1
94.8% 3 L U86.2% Th 1V, Wi HFAO/WHOD J7 ik
Set Query Motif generation Performance (%)
sequence Reference  Motif Sequence  Precision Recall  Specificity

#01 93 809 65 133 95.6 93.5 98.6
#02 93 809 53 134 90.0 77.4 97.0
#03 93 809 57 133 94.7 77.4 98.6
#04 88 814 59 133 98.6 82.0 99.6
#05 84 818 56 126 98.6 85.7 99.6
#06 93 809 54 142 97.6 88.2 99.3
#07 93 809 55 140 100.0 90.3 100.0
#08 87 815 57 119 98.6 78.2 99.6
#09 93 809 55 134 93.2 88.2 97.8
#10 85 817 59 144 97.6 94.1 99.2
Total 902 - - - 96.5 85.5 98.9

Table 1. Ten-fold cross validation test

A test database (902 sequences) was randomly divided into 10 parts, and allergenicity prediction was
performed for the sequences in each part, using the other nine parts as the allergen reference database. The
appropriate BLAST E-value cut-off varied from 10" to 107, depending on the dataset; only the results
obtained using a cut-off of 10 are shown.
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TIXZENEN3T.6 ~68.0%F L1922 ~97.0% Th - 1%, Stadler® &2 I 1T D Ak & IZIT R T, FAO/
7= (SpecificitylX < H]) *. Zh b DOFERN S, ADFSD WHOE £ D bEEOH TRE < k> TW5H Z &334y
Motif-basedi£ (2 & 5 7 L b7 T — v A5 fE I n5.
D Corn Protein Description Known FAO/WHO Motif-based
Locus Allergen 35%/80 cont.6 cont.7 cont.8 Motif BLAST
1 A55092 catalase (EC 1.11.1.6) CAT-2 - maize (fragment). No 0 1 0 0 0 0
2 AAA33523 16-kDa zein protein. No 0 15 3 0 0 0
3 AAA68209 susl gene product. No 0 6 0 0 0 0
4  AAA73960 kaurene synthase A. No 0 5 0 0 0 0
5 AAAR87580 cytosolic glyceroldehyde-3-phosphate dehydrogenase GAPC4. No 0 4 0 0 0 0
6 AAB71078 acidic ribosomal protein P3a [Zea mays]. No 0 25 7 4 0 0
7  AAB86960 profilin [Zea mays]. Yes 65 52 49 49 #002 0
8 AAC72193 pyruvate dehydrogenase E1 beta subunit isoform 2 [Zea mays]. No 0 2 1 0 0 0
9 AAC78468 RNA polymerase sigma factor 2 [Zea mays]. No 0 11 0 0 0 0
10 AAC79953 anionic peroxidase H [Zea mays]. No 0 2 1 0 0 0
11 AAK26754 plasma membrane integral protein ZmPIP1-3 [Zea mays]. No 0 2 0 0 0 0
12 AAK30114 teosinte branched protein 1 [Zea mays]. No 0 2 0 0 0 0
13 AAKS1777 MURB-like protein hMURB3 [Zea mays]. No 0 3 0 0 0 0
14 AAKS1786 MURB-like protein hMURBI12 [Zea mays]. No 0 3 0 0 0 0
15 AAKS56122  alpha-expansin 4 [Zea mays]. No 0 3 2 2 0 0
16 AAKS6130 beta-expansin 7 [Zea mays]. Yes 26 36 27 17 #008 1
17 AAKS9898 kaurene synthase A [Zea mays]. No 0 3 0 0 0 0
18 AAK60245 teosinte branchedl protein [Zea mays]. No 0 4 1 0 0 0
19 AAK60502 sucrose export defective 1 [Zea mays]. No 0 8 0 0 0 0
20 BAAO05550 group 3 Lea protein MGL3 [Zea mays]. No 0 3 0 0 0 0
21 BAA22410 calcium-dependent protein kinase-related kinase [Zea mays]. No 0 4 2 0 0 0
22 CAA28734 40.1 kD Al protein [Zea mays]. No 0 7 0 0 0 0
23 CAA31221 unnamed protein product [Zea mays]. No 0 2 1 0 0 0
24 CAA35589 pyruvate decarboxylase [Zea mays]. No 0 22 4 0 0 0
25 CAA37038 dihydrodipicolinate [Zea mays]. No 0 1 0 0 0 0
26 CAA39438 ribosomal protein S11 [Zea mays]. No 0 9 4 0 0 0
27 CAA60366 hypothetical protein [Zea mays]. No 0 1 0 0 0 0
28 CAA72196 cytochrome p450 [Zea mays]. No 0 13 1 0 0 0
29 CAAR87634 orf[Zea mays]. No 0 6 0 0 0 0
30 CAB56627 SBP-domain protein 1 [Zea mays]. No 0 8 0 0 0 0
31 CACI18100 putative legumain [Zea mays]. No 0 2 0 0 0 0
32 CAC35069 VIP3 protein [Zea mays]. No 0 0 0 0 0 0
33 JC1524 major allergen ml protein - maize. Yes 23 28 25 24 0 3
Adenylosuccinate synthetase, chloroplast precursor (AdSS) (IMP--
34 024578 aspartate ligase) (AMPSase). No 0 5 0 0 0 0
35 P04705 Zein-alpha PZ19.1 precursor (19 kDa zein PZ19.1). No 1 11 0 0 0 0
36 P15590 Globulin-1 S allele precursor (GLB1-S) (7S-like). No* 6 16 8 2 0 1
37 P33489 Auxin-binding protein 5 precursor (ABP) (ERABPS). No 0 7 0 0 0 0
38 P40280 Histone H2A. No 0 2 1 0 0
39 P46251 Actin-depolymerizing factor 1 (ZmADF1) (ADF-1) (ZmABP1). No 0 0 0 0 0 0
40 P51059 Phosphoenolpyruvate carboxylase 2 (PEPCase 2) (PEPC 2). No 0 3 1 0 0 0
41 PWZMAM H+'—trans'p0mng t'wo—sector ATPase (EC 3.6.3.14) alpha chain - No 0 0 0 0 0 0
maize mitochondrion.
42 S12043 leucoanthocyanidin dioxygenase (EC 1.14.11.-) - maize. No 0 6 0 0 0 0
43 S30062 polygalacturonase - maize. Yes** 6 6 6 5 0 0
44 S37379 catalase (EC 1.11.1.6) 3 - maize. No 0 4 0 0 0 0
45 S58532 matK protein (trnK intron) - maize chloroplast. No 0 6 0 0 0 0
wEST02963  Early embryo, Stratagene (cat. #937007)
46 T02242 Caenorhabditis elegans cDNA clone CESAB12, mRNA sequence. No 0 3 ! ! 0 0
47 T02763 0100M7 gmbPfHB3.1, G. Rom:'in Reddy Plasmodium falciparum No 0 6 1 1 0 0
genomic clone PFO100M, genomic survey sequence.
FB19G7 Fetal brain, Stratagene Homo sapiens c¢DNA clone
48 T02990 FB19G7 3'end, mRNA sequence. No 0 10 B 0 0 0
FB1A10 Fetal brain, Stratagene Homo sapiens cDNA clone
49 T02993 FB1A10, mRNA sequence. g i No 1 9 E 0 0 1
50 T03397 [B217 Infant brain, Bento Soares Homo sapiens cDNA clone 1B217 No 0 1 0 0 0 0
3'end, mRNA sequence.
Total positive: 4 7 47 21 9 2 4

Table 2. Comparison of FAO/WHO method and motif-based method using 50 corn proteins.
Of the 50 randomly selected corn proteins [6] that are shown, known allergens are indicated by a "Yes". For the FAO/WHO method,
the numbers of matched allergens in the ADFS are presented according to the criteria shown in the top row (more than 35% identity
over 80 or more sliding windows, exact match of 6, 7, or 8 contiguous amino acids). For the motif-based method, the motif ID in
the ADFS and/or the numbers of matching allergen sequences (BLAST E-value, 107) are presented.
*GLBI-S, a 7S-globulin, has been reported as an allergen found in several organisms other than corn.
**Corn polygalacturonase has several UniProt IDs, and some entries with longer amino acid sequences than S30062 are known as
the allergen Zea m 13.
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35 £E5HBZULIUNIBDOTLILT U

RBIZ, EBEOEDERY RIEOT VAT R
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LITHIH L7250/ D L 5 b AT LF /7 HITHOW
T, FAO/WHOJE & Rk & & thilig L7 (Table 2). FAO/
WHOMEIZBWTIE, Hfiid 567 X/ BEEOTEE K
Lo THET DL, 50D & LRI EHRATRENT LIV
FUoThD LW S, BEEERED TEZ LN, 2L
BoymD. ZIUZx LMotif-basedi: Tl, 7 L4 T
HDHZENBEMTHAL S NI HIE, —> (polygalactu-
ronase) & FR&E TR TCIZOWTEHHEHEZ H LTV 5 L [E
BRlZ, 7 2o RI7BEBREOT LA T LIRT
WRWRDAEMTRICK T L7 T r BT LA Th
% X9 7284 (7S-globulin like GLB1-S) # 1E L < M
TXTWBHZ ENGND. PolygalacturonaselZ DU T,
AFECTHW=2 ) 7 I 8K (S30062; 957%%) X
DEWT 2 BREZ OB OUniPrott > N U BNFAEL
(404 ~ 4117 %), ZhoBEHI LA LT LTV
Zeam 135 LTHHNTWAY, ADFSTIEZ N HEWS
DT NIRRT LT E L TEREINTREY, £+
DEFEF—T713#020L L THIH STV DA, ZoHitE
F—7 (50%F) N7 U7 BRESI OB E—F L
o lelz®, B E L TCHE ST L E -7 (Table 2).
LovL, ZOXIRBATH, 72V T I JBEO+Y
Fw=r hU (QIZYQ5%) ZHWHZ &icky, EL
WEF =70ty FTHZ AR LTND.
FAO/WHOJEIE, s #a 2 (EMI BRI E AT
LR RIEDOT VT MR FRT D ETIREETD
R RFEL SN TWDED, TOBEBEDL S 2
12, HEHIG AR TRV, Stadler & 728 B & L 7= Motif-basedi:
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D, Thzvx7Y—LE LTAB LTS DIZHRED
L ZAADFSD A TH 5H. L)L, ADFSOMotif-based
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VY, ADFS®Motif-basedi%: A3Stadler H 23 8 L= b D &
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