In search for hypoallergenic trees:
Screening for genetic diversity in birch pollen
allergens, a multigene family of Bet v 1 (PR-10)

proteins
MJM Smulders, MF Schenk, LJWJ Gilissen

1000

PLANT RESEARCH INTERNATIONAL

w WAGENINGENNGEEH




_Hay fever

= Hay fever affects 10-19% of the population in
Western Europe

= Birch pollen is a major allergen source, especially in
Central and North-European countries

m Allergy to birch is associated with a type of food
allergy called Oral Allergy Syndrome (OAS)

netherlands @

proteomics
centre




Arfangic

Beean

®
@
@
O
e
e

50-60%
40-50%
30-40%
20-30%
10-20%
0-10%



__Birch allergens

= Eight birch allergens are known: Bet v 1-8

= These allergens differ according to the number of
birch sensitized patients that are allergic to them

m Bet v 1 Is the only major birch allergen (>50% of the
birch allergic patients react to this protein)
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 Betvl

m Betv 1 is a pathogenesis-related (PR)-10 protein

m PR-10 proteins are present as a multigene family in
many Specles

= Several Bet v 1 isoforms are found in birch pollen
mixtures

m Bet v 1 isoforms differ in their IgE-binding activity
and T-cell proliferation score

> Are multiple genes involved? Do several isoforms
also exist within pollen of one tree?
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= (Genetics:
e How many Bet v 1 genes are there?
e What differences exist among birch species?
e Which are (similar to) hyperallergic isoforms?
= Proteomics:
e Which isoforms are being expressed in pollen?
e Can we predict (hypo)allergenicity?

Schenk et al. BMC Genomics 7:168 (2006)
Schenk et al. BMC Plant Biology (submitted)
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Plant material
m 5. penaula
B. pendula cultivar “Tristis”
B. penaula cultivar “Youngil”

B. pendula cultivar “Schneverdinger
Goldbirke”

m Close relatives of B. penaula:
B. plathyphylla
B. populifolia
m Other Betula species:
B. lenta
B. costata
B. schrmidtir
B. chichibuensis
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__Alleles cloned and sequenced

= 134 unique alleles

o B. pendula“Sch. Goldbirke” 14 alleles
e B pendula “Tristis” 15 alleles
o B. pendula “Youngil” 16 alleles
B. populifolia 17 alleles
B. plathyphylla 20 alleles
B. lenta 14 alleles
B. costata 20 alleles
B. schmidti 12 alleles
e B. chichibuensis 22 alleles

o B nigra 25 aIIeIes
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_Results for other Befu/a species

Genetic composition of PR-10 genes in B. populifolia and B.
plathyphyllais similar to B. pendula

Not possible to distinguish homologues from paralogues in
the other Betula sp.

Gene duplication, extinction, unequal crossing-over, and
possibly gene conversion play a role

Subfamily division is consistent across species

Two new subfamilies were identified, but composed of few
(pseudo) genes
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= The isoforms with varying
IgE-reactivity are encoded
by different genes

In each of the cultivars
and/or species protein
variants are found that
differ by 1 or 2 amino

acids

e However, we do not know
whether these isoforms are
actually expressed and in
which quantities?
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Vlethods: protein extraction and sequencing

m Pollen collection (2004 -2005)

-B. nigra - B. lenta - B. chichibuensis

-B. costata -B. nigra
= Protein extraction in aqueous buffer

= Analyzed with SDS-PAGE

= 16-18 kDa band cut out
= In-gel protein digestion with trypsin
= Analyzed with Q-TOF LC-MS/MS and LC-MSE
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1. B. chichibuensis

2. B. costata

3. B. njgra
4. B. lenta

144 e

b.5
- 5. B. pendula
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Comparative LC MS approach replicate nanolLC-MS

Protein extracts Trypsin digest
] =—T> Digest 1 a JPMM = s

2 Digest 2 . .
3 m—> Digest 3 3
Protein Peak detection, Alignment,
Identification and Quantitative Comparison,
Quantification Peak selection & identification
DDA nanoLC-MS/MS @ @
Selective Peptide Include list for Quantification
MS/MS LC-MS/MS And pre-ID table
ﬁ I e m/z Ret. Mw Ret. Pe pti de
546.543 12.3 851.522 18.4 SLLDFAR
645.597 134 1055.507 30.0 EDTSISLYK
Database Search 873.345 25.9 1324.691 23.2 FGIAATGE
: ] 763.563 31.8 1308.677 31.8 GLTATMGE
of MS/MS data 845.254 32.2 1284.647 322 NQHGCVTE
ZZZZZ o 977.223 33.1 1168.566 33.1 QDFANFE
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Bet v 1 01A01 = PR-10 01A01

MGVFNYETETTSVI PAARL FKAFI LDGDNLFPKV

APQAI SSVENI EGNGGPGTI KKI SFPEGFPFKYV Xgi%ﬂ;i\" PR
KDRVDEVDHTNFKYNYSVI EGGPI GDTLEKI SNE

| KI VATPDGGSI LKI SNKYHTKGDHEVKAEQVKA [l VAPQAI SSVENI EGNGEPGT K.,

SKEMGETLLRAVESYLLAHSDAYN «| SFPEGFPFK

«on VDEVDHTNFK
Bet v 1 01A01 = PR-10 01A01 YNYSVI EGRP| GDTLEK
MGVFNYETETTSVI PAAR  AFI LDGDNLFPKV | VATPDGSS] LK
APQAI SSVENI EGNGGPGTI K., | SFPEGFPFK
(o0 VDEVDHTNFKYNYSVI EGGPI GDTLEK EMGETLLR
| VATPDGGSI LK AVESYLLAHSDAYN

EMGETLLRAVESYLLAHSDAYN
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O01A01 - MGVFENYETETTSVIPAARAFILDGDNLFFK VAPQAISSVENIEGNGGPGTIK(K) (K)ISFPEGFP FK
01B01 - MGVFNYEIETTSVIPAA RAFILDGDNLF#IK VAPQAISSVENIEGNGGPGTIK(K) (K)INFPEGFP FK
01CO01 - MGVFENYEI SVIPAA RAFILDGDNLFFK VAPQAISSVENIEGNGGPGTIK(K) (K)ISFPEGFP FK
01DO01 - MGVENYEIEANSVIPAA RAFILDGDNLFFK VAPQAISSVENIEGNGGPGTIK(K) (K)ISFPEGI FK
02A01 - MGVFENYESETTSVIPAAR AFILDGDNLFPK VAPQAISSVENIEGNGGPGTIK(K) (K)ITRPEG FK
02B01 - MGVFENYESETTSVIPAARAFILDGDNLFPK VAPQAISSVENIEGNGGPGTIK(K) (K)ITRRPEG FK
02CO01 - MGVFNYESETTSVIPAAR AFILEEDNLFPK VAPQAISSVENIEGNGGPGTIK(K) (K)ITRPEGSE FK

03A01 - MGVFOKYE TTSVIPAAR AFILDGDNLFPK VAPQ VENIEGNGGPGTIK(K) (K)ITIEPEG FK
03B0O1 - MGVFNYE TTSVIPAAR AFILDGDNLFPK VAPQ VENIEGNGGPGTIK(K) (K)ITIEPEG FK
03CO01 - MGVFaI:IEE ETTSVIPAAR AFILDGDNLFPK VAPQ VENIEGNGGPGTIK(K) (K)ITEPEG FK

03D01 - MGVFOYEGETTSVIPAAR AFILDGDNLFPK VAPQ VENIEGNGGPGTIK(K) (K)ITEPEGSPFK
04A01 - MGVFN TTSVlmR iILD N [ESK SAENIEBNGGPGTIK(K) (K)ITFVEGSP FK
R

05A01 - MGVFNYEDEBTSVI ViLDADNLFPK VAHERN SSAENIEGNGGPGTIK(K) (K)ITFPEGESPFK

01A01 — (D R)VDEVDHTNFK YNYSVIEGGRIGDTLEK IVATPDGGSILK EMGETLR AVESYLLAHSDAYN
01B01 — (D R)VDEVDHTNFK YNYSVIEGGPVGDTLEK IVATPD@EEBCVLK EMGER.L AVESYLLAHSDAYN
01C01 — (D R)VDEVDHTNFK YNYSVIEGGPVGDTLEK IVATEBENGGSILK EMGETRL AVESYLLAHSDAYN
01D01 — (b R)VDEVD NFK Y8LIEGGPVGDTLEK IVATPDGGSILK EMGETR- AVESYLLAHSDAYN
02A01 — (E @R)VDEVD NFK Y IE LGDTLEHN LVATPDGGSILK AVESYLLAHSDAYN

Y IE LVATPDGGSILK AVESYLLAHSDAYN

Y IE LVATPDGGSILK AVESYLLAHSDAYN

02B01 — (E MIR)VDEVDHINFK LGDTLE
02C01 — (E JIR)VDEVDHIANFK LGDTLE
03A01 — (E IRIBEVDHENFK YBYSVIEGAIRVGDTLEK IV GGSILK AVESYLLAHSDAYN

03B01 — (E lIR)VDEVDHYNFK 6 YSVIEGEVVGDTLEK | GGGSILK AVESYLLAHSDAYN
03CO01 — YSYSVIEGGAVGDTLEKNVPAPGGGS LK AVESYLLAHSDAYN
03D01 — (E IRVDEVDHENFK Y6 YSVIEGE@AVGDTLEK | GGGSILK AVESYLLAHSDAYN

04A01 — (Q | RIPEIBHTNFK YSYSIBEGGPIEGDTLEK | DGGSILK GNISINQE QIK AIEGYLLAHSDAYN
05A01 — (H R)VDEIDHIENFK YE@YSHEGGPEGDTLEK IVAAPBGGSILK GNISENEEEIK AVENIYLLAHSDAYN
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04A01 — (Q RIDEIDHTNFK YSYSLIEGGPLGDTLEK IAAAPDGGSILK GNISINQE QIK AIEGYLLAHSDAYN

O5A01 — (H R) VDEIDHTNFK YCYSIIEGGPLGDTLEK IVAAPGGGSILK GNISLNEEEKK AVENYLLAHSDAYM
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~onclusions: Bet v ] onin 5 ”

= Only the genes in subfamily O1 and 02 are
expressed In pollen

= The expression of at least 5 PR-10 genes was
confirmed In B. pendula pollen

= Both isoforms with a high and low IgE reactivity can
be detected in pollen from one birch tree
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|soform expression

= Unique peptides elucidate expression of
iIsoforms/genes

m Examined 3 5. pendu/a cultivars:
®
e O1B ~20%
e 01C ~10%
e 02A/B ~20%
e 02C ~20%
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|soform expression

m For other Betula species, determining expression of
Individual 1soforms i1s not useful because in most
cases we do not know the allergenicity of all
Isoforms

= In stead we determined the relative quantity of those
peptides that constitute isoforms with high,
Intermediate and low allergenicity in 5. pendula
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m Q-TOF LC-MSE data provide:

e Presence/absence of peptides/isoforms
e Quantitative data

= All (examined) Betula pendula cultivars are likely to
be highly allergenic

= Allergens that are similar to the most allergenic
Isoforms are probably present in all species, except
possibly 5. /lenta
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Hypoallergenic birch trees?

m Perhaps in B. /enita
or
= Use male sterile hybrid cultivars

m Decrease length of the pollen season by limiting the
number of different species planted in a city
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Number|16 apr 2006 25 mei 2006
Species of trees 10 15 20 25 30 35 42

B. grosso 1
B. platyphyila 2

B. nibosinensis 4 2 O O 6
B. popyrifera 9

8. chichibuensis 1

B. pendulo 10
B. alleghoniensis

8. x koehnei

B. costato

B. x 'Edinburgh’

B. pubescens

8. moximowicziana
B. x obscura

B. x purpusii

8. ienta

6. dovurico

8. humilis

B. utilis

B. populifolio

I R T T e sl N CeR PV R Sop o

B. medwediewii

Mumber |27 mrt 2007 7 mei 2007
35 42

Species of trees

B. grosso 1
6. humilis
B. davurico 2 O O 7
8. chichibuensis
B. platyohylio

B. popyrifera

B. costato
B. aibosinensis
B. moximowicziong

B. aileghaniensis

R = TR RTINS R ol

B. pubescens

=
(=]

B. pendulo

B. x purpusii

B. x koehnei

8. x obscura

B. x 'Edinburgh’
8. utilis

B. populifolio

B. lento

8. medwediewii
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