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Abstract' Two of the major allergens in the pollen of short ragweed are Amb a I and Amba II (t'ormerly anti-gen E and antigen K, respectively). The genes for,4rz b a I and)mb a II have recently b""o 
"tÀn"d, 

and it wasshown that Amb a I is a family of proteins with at least three distinct polymorphic family members. This studyaddresses the number oÍ individual Amb a r and Amb a II family members, the polymorphism in each familymember and the expression of these. genes in ragweed plants from difîerent geographical locations. This workled to the cloning and characterization or a fotlth emL a t fam y member, designated Amb ar.4,

Introduction

Short ragweed (Ambrosia artemisiifulia) is perhaps
the major clinical cause of seasonal pollen allergy in
North America. The two major allergens in the pollen
of short ragweed are Amb a I (formerly antigen E)
andAmb c II (formerly antigen K). It has been shown
that at least 95vo of. ragweed-allergic patients have
IgE that binds to Amb a I fl,2l, makin g Amb a I the
major allergen in short ragweed pollen. Similarly,
50-90% of ragweed-allergic patients have IgE that
b inds to Amb a I l  [1 ,21.

These allergens were first separated using bio-
chemical purification methods t3-51 and shown to
be nonglycosylated acidic proteins with molecular
weights of approximately 38,000 ÍZl.A partial se_
quence of Amb a I was obtained by protein sequence
analysis and used, in conjunction with antibodies
raised against purified and denatured Amb a I, to
identify a series of cDNA clones encoding a family of
related proteins [6]. The three idenrified Amb a I fam-
ily members, designated Amb a I.I, Amb a I.Z and,
Amb a r.3 in accordance with the nomenclature rec-
ommended by the International union of Immuno-
logical Societies [7], have more than g0%o amino acid
homology with each other [6]. Recombinant proteins

expressed from each of these cloned cDNAs can bind
IgE from pooled sera of allergic patients, indicating
that all Amb a I family members are capable of elic-
iting disease symptoms in ragweed-allergic individuals
[8]. The cDNA encoding Amb a II has also been re_
cently cloned l9l. Amb a II has between 70 and g0To
homology with the individual Amb a r familv mem-
bers.

Several pollen proteins, including Amb a V and
Amb a YI from ragweed [10, 1l], poa p I tl2l and poa p
IX from Kentucky bluegrass [13] and Lot p I from rye
grass ÍL+161, have been shown to be polymorphic by
direct protein sequence analysis [10-12,16] or compar-
ison of predicted protein sequence of isolated cDNA
clones t13-151. comparison of several independent
Amb a I.3 clones showed that this Amb a I family
member is also polymorphic [B.L.R. and D.G.K., un_
publ. datal. This is consistent with the observation
that multiple Amb a r andAmb a il protein spots can
be detected on two-dimension western blots using
Amb-a-I- or Amb-a-Il-specific reagents [g, 9]. The
number of Amb a r and Amb a ll genes and the extent
of the polymorphism for each gene have not been de_
fined.

This study was undertaken to determine whether
there are additional Amb a I or Amb a II family mem-



uence Polymorphism of Amb a I and Amb a the Maior Al le

Table 1. Oligonucleotides used in PCR and sequencing

Oligomer Nucleotide sequence Strand Amino acids

RW32
RW33
RW34
RW38
RW40
RW41
RW42
RW43
RW44
RW45
RW46
RW48
RW49
RW50
RW51
AGK2
AL
AP
AT

5' - GG GCTGCAGTCATTATA {GTGCTTAGT
5' - GGGAATTC GACTGTGC CCAAGGTTTTG
5' -AGATCTGCAG CTACCACC GATGGC GTAC
5' - GGGAATTCTTGTATTTTACCTTAGC
5'- GGG CTGCAGTCATAGC A,]AU{AGCTTAGG
5'-GATGATGATGTTGCA,A,T{T
5' -ATTAAGTCCAACGATGGT

5' -CAAGTCGTTAACAAC AAC
5' -ATT:| G CAACATCATCATC
5' -ACCATCGTTG GACTTAAT
5' - GTTGTTGT"TAACGACTTG
5'- GGGAATTC CAú{A.AGAAGGCACACT
5' - G G G CT G CA GTG CTTAG CAA G GTG CTC C
5'. GGGAATTC G GACAGAGAGTTGGCTA
5 /- CAúAJATCGTTAACAACTTC
5'-GGGCTGCAGCGTGTCC A,TAT{TCTAIATCAA,T{TG A,ACACT'TATG G
5'-p-AATGATCGATGCT
5'-GGGTCTAGAG GTACC GTCCG
5'- GGGTCTAGAGGTACC GTCCGATC GATCATT

noncoding
coding
noncoding
coding
noncoding
coding
coding
coding
noncoding
noncoding
noncoding
coding
noncoding
coding
coding
noncoding

3'.UT
DCAQGF 7l-76
YAIGGS 297*302
LyFTL 10_14
3'-UT
DDDVAN 96'101
IKSNDG 181*186

QVVNNN 285-290
DDDVAN 96*101
IKSNDG 181*186

QMNN 285*290
PKEGTL 102-107
GAPC 394*J'-g'1
DREIA 130-134
QIVNNF 285-290
3'-UT Amb a l l

The oligomers match coding or ooncoding strand sequences as noted.RW32 is Aùb a I.1 specific, RW40 is,4n ó a I.3 specific, RW50
is Amb a 1.4 speciÍic and RW51 and AGK2 are lmA a ll specific. AP, AL and AT do not correspond tolmb a I or II sequences. Amino
acid nuúbedng corresponds to that used in figure 2. Nucleotide sequences added for cloning purposes are underlined.

bers and to define the extent of polymorphism for
each Amb a I and Amb a \I gene. Questions concern-
ing the distribution of gene expression in individual
plants and in different geographic locations were also
addressed. RNA samples prepared from the flowers
of individual plants, from flowers of small pools of
plants and from pooled pollen were examined for the
presence of. Amb a I and Amb a II mRNA using the
polymerase chain reaction (PCR). The presence of
mRNA for a given Amb a I or Amb a II gene, and the
polymorphism of that gene (and hence protein poly-
morphism), was determined by the direct sequence
analysis of PCR-generated cDNA clones.

Materials and Methods

Plant Tissue
Flowers of short ragweed were picked, frozen immediately in

liquid nitrogen, and stored at -70 "C until processed. Flowers from
individual plants were either stored separately or mixed into pools
of 3-5 plants each. Defatted short ragweed pollen f.rom A. artemi-
siifulia was obtained from Greer Laboratories (Lenoir, N.C.,
USA).

Preparation of Ragweed RNA from Pollen and IVhole Flowers
RNA was isolated from defatted ragweed pollen or whole

flowers as previously described [61. Poly A+ RNA was isolated af-
ter binding to oligo-thymidylic acid (oligo dT)-cellulose (Collab-
orative Research, Inc.) [17].

Amplification of cDNA by the PCR
Priming oligonucleotides for DNA amplification by PCR [18]

were RW32, RW33, RW34, RW38, RW40, RW45, RW48, RW49,
RW50, AGK2 and anchor primer (AP). These oligonucleotides
are described in table 1. RW32 is Amb a Ll specific, RW40 is Amb
a L3 specific, RW50 is Amb a I.4 specific and AGK2 is Amb a Il
specific. All other RW primers are shared between Amb a II and
all Amb a I family members. RW49 corresponds to the noncoding
strand sequence complementary to amino acids 394 through the
TAA stop codon and the first 4 nucleotides of the 3' untranslated
region of.Amb a L All RW oligomers corresponding to the coding
strand sequence contained an Eco RI restriction site, while all oli-
gomers corresponding to the noncoding strand sequence, except
for RW45, contained a Pst I restriction site. Oligomers RW32,
RW38, RW45, anchor linker (AL), anchor template (AT) and AP
have been previously described t6l. AGK2 has also been described
t9l. All oligomers were purchased from Research Genetics
(Huntsville, Ala., USA).

First-strand cDNA was synthesized from 1 pg of total RNA
with the cDNA Synthesis System Plus Kit (Amersham) using oligo
dT as a primer [19]. The single-strand DNA (20 pl) was mixed with
100 pmol of each priming oligomer and amplified using the Gene
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Table 2. Comparison
and Amb a II members:

of identity and between different Amb a I
homology matrix

comparisons were made between the amino acid sequences
reported for Amb a r.7, r.z and I.3 reported in Rafnar et al. [6],
Amb a I.4, described here, andAmb a II  reported in Rogers et al.
[9]. The lower left half of the table gives percent identity, and the
upper right half gives percent homorogy for each pair oi sequenc-
es. For example, the sequence of Amb a I.4 has g2.4To identi ty and
88.5vo homology with the sequence of Amb a I.1. comparison of a
sequence with itself would give 100vo identity. similar amino acids
used in the calculat ion of homology; A, S, T; D, E; N, e; R, K; I ,
L, M, V; and F, Y, W.

Amp kit (US Biochemicals) as previously described t6l. The first 5
rounds of ampli f icat ion consisted of denaturation at 94.c for 1
min, annealing of primers to the template at 45.c for 1.5 min and
chain elongation at 70'c for 14 min. The final 20 rounds of am-
pl i f icat ion consisted of depaturation as above, annealing at 55.c
for 1.5 min and elongation as above. Amplified DNA *u, ,".o-
vered by sequential chloroform, phenol and chloroform extrac-
t ions fol lowed by overnight precipitat ion at 4.c with 0.5 vol of 7.5
M ammonium acetate and 1.5 vol of isopropanol. DNA was simul-
taneously digested with Eco RI and ps/ I and electrophoresed on a
lVo Low Melt agarose (FMC, Rockland, Me., USA) preparative
gel. The predicted size DNA band was isolated and úgated into
M13 for sequencing [20].

The amino-terminal sequences of Amb a I family members
were determined using a modification of the anchored pcR [2],
221 as previously described [6]. Briefly, doubre-stranded cDNA
was synthesized from 1 pg RNA with the cDNA System plus Kit
using ol igo dr as a primer [19], brunt ended with T4 polymerase
and blunt end l igated to self-annealed AT and AL ol igonucleo-
tides using standard techniques t231. The cDNA (3 pl from a20-pl
reaction) was mixed with 100 pmol each of Ap and RW49 primers
and amplified as described. 0.01 vol of the primary pcR was then
reamplified with oligomers Ap and RW45. Rw45 is nested (in-
ternal) relative to oligomer RW49 used in the primary pcR. DNA
from the secondary PCR was recovered as above, digested with
Kpn I and ligated into Kpn-uHinc-Il-digested Ml3 for sequencing.

Sequence Analysis o/ Amb a I and Amb a 11
M13 clones were sequenced (Sequenase kit ,  us Biochemicals)

using the dideory chain termination method of Sanger et al. [20].
clones were sequenced with standard forward and reverse prim-
ers. RW41-46 and Rw51, purchased from Research Genetics for

internal sequencing, are described in table 1. Rw4l, RW42 and
Rw44-46 primed Amb a I and Amb a II clones equally well. RW43
primed all Amb a I clones, while the corresponding primer, Rw51,
was specific for Amb a II. computer programs contained in
PCGENE (IntelliGenetics, Inc., Mountain View, Calif., USA)
were used for both protein and nucleotide sequence analysis.

Results

Identffication of a
Amb a 1.4
Analysis of cDNA

Novel Amb a I Family Membe4

clones generated by PCR ampli-
fication from ragweed RNA revealed a novel Amb a r
sequence, designated Amb a I.4, that was more closely
related to Amb a I.I than to any other family member
(table 2). This fourth Amb a I family member was al-
most as closely related to Amb a r (g2.4% identity and
88.5Vo homology) as Amb a I.2 was to Amb a I.3
(86.9vo identity and 90.7vo homology). The complete
nucleotide and predicted amino acid sequence of
Amb a r.4 are shown in figure 1. originally dètected in
RNA from the flowers of a single ragweed plant col_
lected in North carolina, Amb a r.4 mRNA was de-
tected in the flowers of plants from Massachusetts
and in pollen pooled from plants over a wide geo-
graphic area (table 3).

Amb a r.4 has not been detected by amino acid se-
quence analysis of purifie d Amb a I or Amb a rr prep-
arations. Furthermore, the Amb a I.4 message appears
to be only a minor component (estimated to be 3To
based on the number of Amb a r.4 clones isolated) of
the total Amb a I family in pollen and pools of flow-
ers. The inability to detect Amb a I.4 by protein se_
quencing would be consistent with its apparenr
amount of mRNA.

IgE from the sera of ragweed-allergic patients
binds on a Western blot to recombinant Amb a 1.4 ex-
pressed in Escherichia coli [Bond et al., unpubl. data].
In conjunction with results obtained by Bond et al. [g]
and Rogers et al. [unpubl. data], the binding of IgE to
recombin ant Amb a I.4 suggests that all Amb a I and
Amb a II family members are capable of eliciting dis-
ease symptoms in ragweed-allergic individuals.

Polymorphism o/ Amb a I and Amb a /1
The complete or partial nucleotide sequence was

determined for clones generated in PCR amplifica-
tions with primers AP/RW45, RW33149, RW33132,
RW33/40 and RW50/34. The amino acid polymor-
phisms predicted from this sequence analysis of 66

I Ir.4L3r.2I .1

I .1
r.2
L3
1.4
I I

76.8
77.0
82.4
65.7

83.4

86.q
74.5
69.5

83.8
90.7

73.0
70.2

88.5
82.7
81.2

61.4

I  ) . J

78.6
78.6
72.0

\
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ATGGGGATCAÀACÀCTGTTGÍTACATCTÎGTAIfTTACCITAGCCCÎTGÎCACTTTGCTGCAACCTGTTCGTÎCT 
'15

M G  I  K H C C Y  I f . Y  F  Î I . A L V T L L O P V R S  2 5

GCCGAAGATCTCCAGCAAATCTTACCîÍCAGCÎAACGAÀACAAG@GCCTGACÀACATGÎGGAACA:TACA.àCATÎ 150
îA E D ! o o r L p s A N---E--jt R s É T î c c r Y N r 50

ATAGACGGGTGCTGGAGGGGCAAÀGCCGAÎTGGOCGGAAAÀCCGAÀAÀGCGISAGCCGATTGTGCCCA"AGGÎIÎT 225
I  D  G C l I R G K A D W A . E N R K A L A D  C A O  G F  ? 5

GCAÀ.AGGGAACAAîCGGCGGAAAAGATGGTGATAîATÀCACGGTCACCAGTGAGCÎAGATGATGAÎGTTGCAAAT 3OO
A K G f  I  G G K D G D  I  Y T V T  S E  L D  D  D V A N  l O O

CCÀÀAAGAAGGCACACTCCGTTÎGGTGCCGCCCAA.AACAGCCCTTGTGGATTATTTTTGCAAGAGATATGGÎG 3?5
P  K  E  G  Î  L  R  F  G  A  À  O  N  R  P  L  V I  I  I  F A R D M V  T 2 5

AÎTCGTTTGGATAGAGAGTTGGCTATAAACAACGACAAGACCATCGATGGCCGAGG@GAÀÀGTTGAÀAÎCÀTT 450
I  R T D  R E L A I N N D  K T  I D  G R G A K V E  I  I  1 5 0

AACGCTGGTTTCGCCATCTATAAÎGTCAAGAATATAATCAÎTCATAACATAATÎATGCATGATATÎGTAGTGAAT 525
N A G F A I  Y N V K N I  I  I  H N  I  I M H D  I V V N  1 7 5

CCAGGAGGCCTGATTAA.GTCCCACGATGGTCCACCAGTTCCAAGAÀAGGGTAGTGAÎGGÎGAÎGCTÀTAGGTATT 600
P  G G  L  I  K S  H D  G P  P V P R K G  S  D  G D A  I  G  I  2 O O

ÎCÎGGTGGTTCACAAATATGGATCGACCAÎTETCCCÎCAGTAÀGGCÎGTTGATGGGCTAAÎCGAÎGCTAÀÀCAC 675
S  G  G  S  Q  I  } I  I  D  H  C  S  L  S  K A V  D  G  L  I  D  A I (  H  2 2 5

GGCAGCÀCACACTîCACCGTTTCTAACTGCTTATTCACCCAÀCACCA.ATATTTATîATÎGTTCTGGÀÎTTTGAC 750
G  S  T  E F  T V S  N C L F  T O H Q Y  L L L F W D  F  D  2 5 0

GAGCGAGGCATGCTATGTACGGTCGCATTCAACAAGTTCACTGAÎAACGTTGACCAÀ.AGAÀTGCCTAACÎÎACGA 825
E  R G M L  C  Î V A  F  N K F  Î  D N V  D  O  R M P  N  L  R  2 1 5

CATGGGTTTGTCCAAGTCGTÎAACAACAACÎACGAA,AGA.TGGGA.TCGÎTIC@CCTCGGTGGTAGCGCAGGCCCA 90O
H  G P V O V V N N N Y E R W G S  Y A L  G  G  S A G P  3 O O

ACCA,TACÎTAGCCAAGGGAACAGATTCTTAGCCTCCGATATCAAGAAAGAGGTCGÌAGGGAGGTATGGTGAÀTCC 975
Î  I  L  S  O G N R F L A S D  I  K K E V V G R Y G  E  S  3 2 5

A M  S  E  S  I  N W N I I R  S  Y M D V F  E  N  G A  I  F  V P  3 5 0

TCCGGGGTTGATCCAGTGCTAACCCCTGAGCAAÀACGCAGGGATGATTCCAGCCGAACCAGGAGAÀ.GCCGTTCTA 1125
S  G V D  P V L  T  P  E O N A G M I  P A E  P  G E A V L  3 7 5

AGACTCACTAGTA,GTGCTGGTGTCCÎCTCATGCCAACCTGGAGCACCTTGSIAAGCA 1183
R L T S S A G V L S C O P G A P C . 3 9 2

Fig. L Nucleotide and predicted amino acid sequences for,4rn, d I.4. A potential cleavage site betweer the hydtophobic leader ard
mature protein is iodicated by a vertical arrow. Underlined amino acids correspond to the potential N-linked glycosylation site. Under-
lined nucleotides are complehentary to the oligomer used in cloning the carboxy terfiirtls oî Amb a 1,4

Amb a l .L, 28 Amb a I.2, 22 Amb a I.3, 28 Amb a I.4
and 10 Amb a II clones are shown in figure 2. Due to
the inherent error rate of Taq polymerase [18], only
those polymorphisms detected in at least two inde-
pendent amplification reactions are shown. The most
prevalent amino acid at a given polymorphic site is
depicted in superscript, while the minor amino acid is
depicted in subscript.

There were 8 polymorphic sites detected in Amb a
I and 3 polymorphic sites detected in Amb a II by this
PCR-dependent analysis. All polymorphisms ap-
peared to occur independently of each other, except
for amino acids 183-189 of Amb a 1.4 where 3 poly-
morphisms are inherited as a block. This indicates
that there aÍe at least 2 isoforms of Amb a I.l (a single
polymorphic site), 4 isoforms of Amb a I.2 (2 poly-
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Table 3. Presence of mRNA f.or Amb a I and Amb a ll

RNA source Specific Amb a I and Amb a II member

Pollen (pool)
Flower (pool-NC)
Flower (pool-MA)
Flower (NC)
Flower (MA)

+
+
+
+
+

RNA was prepared from pooled pollen (Greer Laboratories),
pools of flowers collected from a small number of plants in North
carolina (pool-NC) or Massachusetts (pool-MA) and the flowers
of single plants collected in North carorina (NC) or Massachu-
setts (MA).

* : The presence of message was detected by amplification
with conserved primers; [+] :  the presence of message was de-
tected only after member-specific amplification; - : the absence
of message was confirmed in multipre member-specific amplifica-
tions on different first-strand syntheses; ? : messages for Amb a
I.4 and Amb a [I  were not detected in the small  number of clones
examined; member-specific amplifications were not done with this
RNA preparation, and the presen ce of Amb a 1.4 and Amb a Il
messages in the flowers from the Massachusetts plant remains un-
known.

morphic sites), 2 isoforms of Amb a I.3 (a single poly_
morphic site),4 isoforms of Amb a 1.4 (2 independent
polymorphic sites) and 8 isoforms of Amb a lI (3 poly-
morphic sites). All Amb a I isoforms were detected in
both pollen and flower RNA (data not shown). As in-
dicated in table 3,Amb a II isoforms were only detect-
ed in flower RNA. It should also be noted that all iso-
forms of a givenAmb a I or Amb a II family member
had greater than 99% identity with each other, while
different family members shared 70-90vo homology
(table 2).

Expression of mRNA for Individual Amb a I and
Amb a II Family Members in pools of pollen and
Flowers
Polymorphism and presence of each individual

family member was determined in RNA prepared
from the flowers of small pools of plants and from
pollen pooled from a large number of plants over a
wide geographic area. Although initial primers were
chosen because of sequence conservation between
Amb a l.l, Amb a I.2 and Amb a I.3, cDNAs of Amb a
I.4 and Amb a rr were also amplified. The results,
shown in table 3, indicate that only mRNAs for Amb a

l.l, Amb a 1.2 and Amb a 1.3 were detected in pollen
RNA using conserved primers. Amb a I.4 and Amb a
II cDNAs were not observed among the pollen-de-
rived clones examined. In contrast, mRNA for Amb a
l.I, Amb a 1.2, Amb a I.3, Amb a 1.4 and Amb a II were
detected in flower RNA. It was subsequently shown in
PCR reactions employing family-member-specific
primers (RW50/34 and RW33iAGp) that Amb a I.4
mRNA could be detected in pollen but that Amb a II
mRNA could not. This indicates that the Amb a 1.4
mRNA is only a minor component of pollen RNA,
while Amb a II nRNA is either totally absent from
pollen or present at such low levels that it is not de-
tectable by PCR (table 3).

Expression of nRNA for Individual Amb a I and
Amb a II Family Members in the Flowers of Single
Plants
RNA from the flowers of individual ragweed plants

collected in North carolina and Massachusetts were
also examined for expression of Amb a I andAmb a ll
family member mRNAs (table 3). Messages for,4 mb a
I.L, Amb a 1.2, Amb a 1.4 and Amb a II were detected
in 1 North Carolina plant examined. However, it was
not possible to detect mRNA for Amb a 1.3 in this
plant, even when using primers RW33i40 in a family-
member-specific amplification (table 3). Since mRNA
for Amb a 1.3 was detected in flower RNA from pools
of 3-5 plants collected either in North Carolina or in
Massachusetts (table 3), this suggests that Amb a I.3
was not expressed in the individual North carolina
plant examined. Significantly, 7 different mRNA tran-
scripts were present in flowers of the individual North
Carolina plant. These transcripts encoded 1 isoform

Fig.2. Composite Amb a I and Amb a [[ sequences relative to
Amb a I.1. The sequence of Amb a I.1 is given in the standard one-
letter code. sequences for the other Amb a I family members are
given relative to Amb a L1 with only differences being shown. A
dash indicates identity, and àn asterisk indicates a break intro-
duced to maintain maximal alignment. Amino acid numbering is
based on the Amb a I.2 sequence, the longest Amb a I family mem-
ber. Wherever sequence polymorphism has been observed in a
given family member, the dominant sequence is given in super-
script, and the minor sequence is given in subscript at the site of
polymorphism. Polymorphisms in a given family member occur as
independent events, except for amino acids 183-189 of Amb a L4
where 3 amino acid differences occur as a block. The bracketed
region in Amb a 1.4 indicates the oligomer sequence used in clon-
ing that has not been independently verified.

I It .4t.3t .2I . 1

t
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1 0 2 0 3 0 4 0

60 1 0 80 100

1 1 0 r z v 1 3 0 1 A / ' ì 1 5 0
N P  K  E  G  T  L  R  F  G  A  A  Q  N  R  P  I ,  W  I  I  F  E  R  D  M V  I  R  L  D  K  E  M  V  V  N  S  D  K  T  I  D  G  R  G  A  K  V  E  I  I . 1

- - - - A  - R - N - - - H - N 0 - L - -  V - - N -  1 . 2
- - - - A  - K N - - - - N - N Q - L - -  V - - - -  f . 3

_  -  -  -  -  -  -  -  -  R  -  L  A  r  -  N  -  -  -  -  I . 4

- T - D -  -  O  -  -  -  I  -  Y  -  O  O  -  -  -  -  r  -  -  ,  -  - - - - L  I I

1 6 0 1 7 0 1 8 0 190 200

210 z z v z J v 2 4 0 250
T  S G  S  S  Q  I  W  1 D  H C  S  I ,  S  K  S V D  G  L V  D  A K  I G  T  T  R  L  T V  S N  S  I , F  T  Q  H  O  F  V  L  L F  G  A G  I . 1
v A - - -  -  A  S  -  -  -  L  -  I  T  -  -  S  S  H  V  -  -  -  -  C  K  -  -  -  - L - - D  L 2
v A  - -  -  -  -  F  -  -  - -  - V T  -  - S - H V -  I  -  - C X  -  -  - O S  K A  I  -  L -  -  D  I . 3
-  -  -  G  -  -  A  -  -  -  -  I  -  -  -  H  -  S  -  t t F  T  -  -  -  C  -  -  -  -  -  -  y  l ,  -  -  - y J D  P  f . 4
v  1 -  -  -  D  -  -  -  -  -  -  T  -  -  -  -  F  -  -  -  -  -  V N  l |  -  S  -  c V  -  I  -  -  C  K  -  -  H  -  E  i ( A V -  L  -  -  S  I I

260 z  t u 280 290 3 0 0
D  E N  I  E  D  R  G M  L  A  Î  V A  F  N  T  F  T  D  N  V D  Q R M  P  R C  R  H G  F  F O V  V  N  N N  Y  D  K W G  S  Y A  I  G  I . 1
- T H Y O - l ( - - -  - M - - - H - - - -  F - - - -  - - R - - T - - - -  f . 2
- l H V O - X - - -  - M - - -  F - - - -  - - R - - î - - - -  I . 3

c - - - - - K - - -  - - N L - - - - V -  - E R - - - - - L -  I . 4
-  T  H F  O -  L K -  l l V -  L  -  Y  -  f  -  - N T  -  H E  -  r -  -  -  -  I  -  -  - F  -  -  R - D K - - -  -  n

3 1 0 320 J J U 3 4 0 3 5 0

3 6 0 370 3 8 0 3 9 0
G A I  F V A  S G V D  P V  L T  P  E Q S A G M I  P  A E P G E S A L S  L T S S A G V L S C Q P  G A P C
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of. Amb a 1.I,2 isoforms of Amb a I.2,3 isoforms of
Amb a I.4 and 1 isoform of Amb a lI.

Analysis of RNA obtained from the flowers of an
individual Massachusetts plant showed the presence
of mRNA for Amb a l.I, Amb a 1.2 and Amb a I.3 (ta-
ble 3). The inability to derecr Amb a 1.4 and Amb a Il
in this plant may reflect the relatively small number of
clones examined rather than a lack of expression.
Family-member-specific amplifications of Amb q 1.4
or Amb a II were not attempted from this plant. Nev-
ertheless, Amb a 1.4 and Amb a II mRNAs were de-
tected in the RNA of flowers pooled from 3-5 plants
collected nearby, showing that Amb a 1.4 and Amb a ll
are expressed in Massachusetts.

Discussion

PCR analysis of flower mRNA led to the identifi-
cation of a new member of the Amb a I family , Amb a
I.a (fig. 1), which is highly homologous to Amb q l.l
(81Vo identity, 88Vo homology, table 2). The N-termi-
nus for mature Amb a I is blocked [6] and has not
been experimentally determined. A predicted cleav-
age site, VRSJA at amino acid 26, was identified in
Amb a I 16l based upon empirical observation of a
large number of defined cleavage sites [24]. This pre-
dicted cleavage site in Amb a l.I, I.Z and I.3 is con-
served in Amb a I.4 (fig. 1, 2). The single potential N-
linked glycosylation site N-X-T) present in Amb a I
and Amb a II at amino acids 37-39 has also been con-
served. However, this potential glycosylation site may
not be utilized, since Amb a I has been reported to be
nonglycosylated [2].

Amb a f.4 clones represented approximately 3To of
the total Amb a I cDNA clones amplified from pools
of flower or pollen RNA. Assuming that reverse tran-
scription and PCR amplification do not distort the
relative abundance of RNAs, this infers a low mRNA
level for Amb a r.4 and suggests that its protein level
would also be less than those of the other Amb a I
family members. This is consistent with Amb a 1.4 not
being identified in purified pollen protein by se-
quence analysis. However, given the homology of
Amb a I.4 with other Amb a I family members, it is not
surprising that Amb a r.4 is an allergen and can bind
IgE from the sera of allergic patients [Bond et al., un-
publ. datal.

Comparison of a large number of independently
isolated clones derived from multiple RNA sources

identified 8 polymorphic sires in Amb a | (l in Amb a
I . I ,2  in  Amb a 1.2,1 in  Amb a 1.3 and 4 in  Amb a I .4)
and 3 polymorphic sites in Amb a II. It should be
stressed that a polymorphism had to be observed in at
least two independent amplification reactions before
it was considered authentic. This is due to the inher-
ently high error rate (approx. 2.0 x 10*) [1g] in Tuq-
polymerase-mediated DNA synthesis. Although nu-
cleotide changes only observed in single amplifica-
tions may represent rare polymorphisms, one cannot
exclude the possibility that they represent incorpora-
tion errors by the Taq polymerase. Only 11 nucleotide
changes leading to productive amino acid changes
were observed in single amplification reactions in the
61 kb of the sequence analyzed. If these 11 changes are
indeed in vitro artifacts, this would give a Taq polym-
erase error rate of approximately 1.8 x 10a in our ex-
periments, which is in close agreement with the re-
ported error rate [18].

It should be noted that the polymorphisms given in
figure 2 are not all inclusive and additional, less fre-
quent amino acid alterations are expected to be
found. For example, 3 polymorphisms were detected
in independent l"gt10- and ),gt11-cloned sequences of
Amb a I.3 that have not yet been observed in the
PCR-generated sequences [Rafnar et al., unpubl. da-
tal. Further, other Amb a I or Amb a Il family mem-
bers may remain undetected. However, these yet-to-
be-discovered family members would be expressed at
very low levels (<37o of the clones amplified from
mRNA, the level at which Amb a I.4 can be detected).
This suggests that the major Amb a I and Amb a Il
members have been identified.

Analysis of mRNA from the flowers of single
plants demonstrated that each individual plant can
express multiple forms of Amb a I and Amb a II (table
3). Indeed, 7 unique mRNA transcripts for Amb a I.l
(1 form), Amb a I.2 (2 forms) ,Amb a I.4 (3 forms) and
Amb a Il (l form) were expressed in a North Carolina
plant. This plant did not appear to have mRNA for
Amb a 1.3. These results clearly show that a single
plant can express multi ple Amb a I and Amb a II pro-
teins. Further, deficiency in expression of an Amb a I
or Amb a lI gene seems confined to individual plants
rather than to geographic regions (compare gene ex-
pression in single and small pools of plants from Mas-
sachusetts and North Carolina, table 3).

The number of different mRNAs that have been
detected in single ragweed plants indicates that every
plant has at least 1 gene for each Amb a I and Amb a
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II family member that it expresses. Different isoforms
of each family member most likely reflect alleles of
ihat gene. The 3 isoforms of Amb a 1.4 expressed in
the individual North Carol ina plant would therefore
imply that this plant has a second copy of the Amb a
i.4 gene. This would al low the expression of 4 al leles
13 detected) of Amb a 1.4.

Message encoding Amb a I and Amb a II can be de-
iected in flower RNA (table 3). This flower mRNA
encodes the Amb a I and Amb a II proteins contained
;n pol len. What role Amb a I and Amb a II  play in rag-
,"veed fertil ization is not currently known. Both Amb a
I and Amb a II aîe -40% homologous to cDNAs
Lat56lLat59 and 9612 found in the male (anther) [25]
and female (pistil) [26] sex organs of Lycopersicon es-
culentum (tomato plant),  respectively. I t  has been
speculated that these tomato proteins may serve as
self-compatibility recognition molecules during polli-
nation 125,261. Both the Lycopersicon and Ambrosia
proteins are also homologous to pectate lyases [25],
rvhich are pectin-degrading enzymes of Aspergillus
and the plant pathogen Erwinia. This would suggest
r,hat Amb a I and Amb a II might have enzymatic
properties necessary for digestion of pectin in the
plant wall during formation of the pollen tube in pol-
l ination. I t  is also interesting to speculate on the sig-
nificance of the differential expression of Amb a I
(present) and Amb a II  (absent) mRNAs in pol len.
This difference may suggest that Amb a I and Amb a
II proteins play different roles in flower pollination,
even though they are approximately 757o homolo-
gous.

This study has led to the identification of a fourth
member of the Amb a I family as well as to the identi-
fication of a limited number of polymorphic residues
in each Amb a I and Amb a II family member. Other
polymorphisms or family members may exist, al-
ihough at very low levels. Further, all Amb a I and
Amb a Il family members are expressed by plants in
widely separated geographic areas. It may now be
possible to use this information to develop an im-
proved immunotherapy for ragweed allergy based up-
on known protein sequences.
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