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ABSTRACT

‘Block, € C., Hlll I H., and McGee, D. C. 1999. Relationship between late-season severity of
i Stewart’s: bactenal wilt-and seed infection in maize. Plant Dis. 83:527-530.

¥ V‘The

‘tmmhlp between the amount of foliar disease on maize plants and seed contamination

. by the catxsal bacterium, Panfoea stewartii, was studied by comparing disease seventy on aduit

: ’; in

ts thh‘results from laboratory seed tests. Seventy-seven naturally infected maize lines (25
nd 52-in°'1992) were selected and assigned to one of six disease severity classes based
-on the percentage of ear leaf tissue killed by Stewart’s wilt: trace to 2%, 6 to 14%; 25 to 34%,
510 49%, 50 to 74%, and 75 to 100%. Ears were harvested from 10 to 20 plants representative
‘of the-disease. class for each maize line, and seeds were tested by enzyme-linked immunosorb-
ent assay (ELISA) of bulk-seed samples. Seed infection percentages were estimated from the
st:results by using statistical equations for group testlng The accuracy of the bulk-seed
-met] r-estimating seed infection was validated by comparison with 300-kernel single-seed
- festss Infected seed was detected only from seed of plants with 225% disease severity; however,

" 45'of 63 such seed lots had no infection. Three seed lots had >5% infected seeds, all from plants

' . with >50% disease severity. The results suggest a possible threshold level between 15 and 25%
disease -severity for Stewart’s wilt on leaves before bacteria are detected in seed. This study
describes-a relatively simple method for estimating the incidence of infected seeds in a seed lot

'U.S.-produced maize seeds is low.

and contributes additional evidence to indicate that the chance of spreading P. stewartii from

: Additional keywords: Erwinia stewartii, seed pathology, Stewart’s disease

Stewart’s bacterial wilt is a disease of
major phytosanitary importance because of
conceérns about the risk of seed transmis-
sion.-Dozens of .countries prohibit the im-
portation of maize seed from the United

- States-unless the-seed is certified to be free
of Pantoea stewartii (syn. Erwinia stewar-
tii)(15), the causal-agent of Stewart’s wilt.
P. :stewartii_is -a nonmotile, gram-negative
bacterium that infects maize leaves through
feedirig wounds made by Chaetocnema

;pultcar’a Melsh: - (7,16=18), the corn flea
beetle. Bacteria multiply in and spread
through “the. xylem (8,11,18). Systemic
infection occurs in susceptible plants when
bacteria spread from the leaves to the vas-
cular tissue of the stalk. Bacteria have been
observed -in_the remnants of the vascular
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tissue at the base of the kernel, in the en-
dosperm, and externally on the seed coat,
but not in the embryo (11,18,20).

Although seed infection has been clearly
demonstrated, the evidence for seed trans-
mission has been equivocal (8,11,18,20,21).
Recently, however, Block et al. (2) demon-
strated seed transmission at a rate of 0.02%
(rate adjusted to reflect only the infected
kernel fraction) from seed of naturally
infected plants and 0.14% from infected
seed of artificially inoculated plants. Many
of the seed lots used in that study were of
generally poor quality (low germination),
contained high percentages of infected
kernels (>35%), and would not have been
exported commercially.

Commercial seed lots currently pass re-
quirements for phytosanitary certification
by field inspection of the seed production
crop or by laboratory seed health testing.
Field inspection is the major method for
seed certification and is based on the as-
sumption that incidences of infection on
plants and seeds are related, although there
are few diseases where this relationship
has been validated (14). The presence of
any level of Stewart’s wilt in a field will
cause that field to fail inspection. Seed lots
that fail a Stewart’s wilt field inspection
can be certified if they pass certain labo-
ratory tests, typically a seedling grow-out
or a bulk-seed enzyme-linked immuno-

" p Between Late-Season Severity of Stewart’s Bacterial Wilt,
fettiOn in Maize

sorbent assay (ELISA) (13) 'I'he grow-ﬂut

test can be a good predictor of seed trans-
mission in the field (14), but the Stew.
wilt ELISA is much more sensitive t
the grow-out for identifying
infected seed lots (D. McGee, persona
commumcatton) Experience - the Jowa

Laboratory has shown that in mos
where the incidence. *or” séverity
Stewart’s wilt was low; and:the fields:
failed the field inspection," the pathogen
was not detected by “ELISA: in ‘the: -
harvested seed (D. McGee,:  persoi
communication). Braun' (3,4) showed
resistant maize plants have -the. abili
limit lesion expansion by restricting bacte- -
rial multiplication and movement ‘within -~
the leaves. Thus, the rélative severity of =~
foliar disease -on the seed-parent plants 7
may indicate the likelihood - of kemel in:
fection. v
The objectives of this study were to Te<ii
late foliar disease severity on:seed-parent:
plants to P. stewartii infection of harvested
seed, as detected by ELISA; and to ev:
ate an easy, cost-effective bulk~samphng
technique for estimating the: percentage of .
infected kernels in a seed lot.. - g

MATERIALS AND,ME,TH,OD‘S'; )
Rating foliar disease seventy 1990

grown at Crawfordsvﬂle Jowa. Rows weze i
5 m long and 76 cm apart, with 15 t0:20 .~
plants per row. In. 1992, similar ratmg&

B73 x Mol7, inbreds N28. and " A .
Jubilee sweet corn, and 48 OP accesswns
grown at Ames, Jowa. Rows . were 8 m. long i
and 90 cm apart, with 25 to 30 plants per
row. Ratings were made between 1: Sep-
tember and 10 September of each-year. - =
Stewart’s wilt severity. was" assessed by
visually rating the percentage of necrotic
tissue on the ear leaf of 10 to 20 plants
selected from each plot. Only plants with =~ °
similar severity were selected to repres t
each maize line, and therefore each-maize . -
line could be assigned to a single disease
class. Many of the accessions had 2 to.4 -~ "
ears per plant, and for those plants an aver-
age disease rating .was obtained by::
specting several leaves. The disease classeés
used were trace to 2%, 6 to 14%, 25 to -
34%, 35 to 49%, 50 to. 74%, and 75'to -
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100% necrotic leaf tissue.-No accessions
were chosen to represent 3 to 5% or 15 to
24% disease classes because we preferred
selecting maize lines that clearly fit into
one class or another at the lower percent-
ages. Ears from each plot were hand-har-
vested from the rated plants and dried
‘with circulating air-at 27°C. Shelled seed
was bulked from all -ears of each maize
line and stored at 5°C and 45% relative
- humidity.

Bulk-seed assays. For seed lots har-
vested in 1990, 250-kernel samples were
subdivided into 50-kernel subsamples and
tested by ELISA with a monoclonal anti-
body-based kit (13) according to the manu-
facturer’s instructions (Agdia, Inc., Elk-
hart, IN). The subsamples were com-
minuted in a Waring blender for:1 min in
60 ml of 0.02 M phosphate-buffered saline
containing 0.05% Tween 20 (PBS-T) and
soaked for 1 h. For the assay, duplicate
100-pl samples were placed into wells of
ELISA plates, and the absorbance value for
each well was measured. Samples from
three healthy kernels were used as negative
controls on each plate, and the average
absorbance of the negative controls was
subtracted from each' absorbance value.
After this correction, absorbance values
above 0.17 were defined as positive. Two
positive control wells were included per
plate.

For the 1992 seed lots, the sample size
per seed lot was 150 kernels, with 25-ker-
nel subsamples because several seed lots
had all positive subsamples when' 50-ker-
nel subsamples were used. The subsamples
were ground dry for 60 s in a Stein labo-
ratory mill. Dry grinding was more con-
venient than wet grinding and did not af-
fect sensitivity of the assay (C. C. Block,
unpublished). The powder was soaked in
30 ml of PBS-T for-1 h and tested by
ELISA as previously described. Seed lots
from which all six 25-kernel subsamples
tested positive for P. stewartii were
retested with 10 subsamples of 10 kernels
each.

Estimating incidence of seed infection
from bulk-seed assays. The estimated
incidence of P. stewartii-infected kernels
in each seed lot was determined by using
statistical methods for group testing (i.e.,

‘pooled samples) based on the binomial

model (5,6).
The proportion of infected seeds (p) was
calculated from

p=1-(1-Q™" o
where n is the number of seeds per sample

and Q is the proportion of positive sam- -

ples. The value Q was obtained by dividing
the number of positive samples (i.e.,
groups containing at least one. infected
seed) by the total number of samples
tested. At least one negative sample
(group) was required to estimate p. Seed
infection percentages were obtained by
multiplying p by 100.

Discussions of ‘the statistical -basis for
group testing can be found in the literature
cited by Hepworth (9), and several appli-
cations in plant pathology weére cited by
Hughes and Gottwald (10). Assumptions
were made that infected seeds were ran-
domly distributed in each seed lot and that
the ELISA was completely effective for
detecting a single infected kernel in the 25-
and 50-kernel sample sizes used in this
study.

Confidence limits for Q were obtained
from the tables of Rohlf and Sokal (19) for
proportions. The upper and lower confi-
dence limits for p were then calculated by
substituting the respective upper and lower
table values for Q into equation 1. Confi-
dence limits were converted. to percent-
ages.

“Comparison of the bulk-seed method
with single-seed “assays. . In September
1992, individual plants were selected and
tagged from a 0.4-ha (1-acre) field plot of
hybrid B73 x KS4 grown at Ames. Plants
were chosen to rtepresent six disease
severity classes: trace to 2%, 3 to 5%, 6 to
14%, 25 to 34%, 35 t0.49%, and 50 to. 74%
disease severity. Eight to 15 plants were
identified from each class, and ears were
handled as previously described.: The seed
lots were used to compare the bulk-seed
ELISA with single-seed: assays: for esti-
mating the -percentage of P stewartii-
infected kernels in a seed lot.

For the bulk-seed -assays, 500-kernel
samples from each.disease class were sub-
divided into 50-kernel subsamples, ground
dry, and tested by ELISA “as‘previously

described. The estimated percentage of
infected kernels and associated confidence
intervals were calculated in the manner

“described earlier. For the single-seed as-

says, 300 kernels from the 3 to 5%, 6 to
14%, 25 to 34%, 35 to 49%, and 50 to 74%

- disease classes were crushed one by one in

a flat-bottomed Plattner. mortar (Fisher
Scientific, Chicago, IL). The mortar and
pestle were wiped with ethanol between
kemels. The powdered meal from each
kernel was placed in a 12 x 75 mm glass
test tube containing: 2.0 ml of PBS-T
buffer. Tubes were placed for 1 h-on a re-
ciprocating laboratory shaker at 100 rpm,
and a 100-pl sample from each tube was
dispensed in one well of an ELISA plate
Positive and megative controls were in-
cluded on each plate as previously de-
scribed. Confidence limits for the single-

. seed tests were obtained by interpolation

from binomial tables (19).

RESULTS .

Comparison of bulk-seed method with
single-seed assays. No seed infection was
detected by the bulk-seed method from the
trace to 2%, 3 to 5%, or 6 to 14% disease
classes: of hybrid B73 x KS4 (Table 1).
Similarly, no seed infection was detected
from the 3 to 5% or 6 to 14% disease
classes by single-seed -assays. Single-seed
assays were not done for the trace to 2%
seed lot because no.- seed infection was
observed from the 3.t0 5% and 6 to 14%
disease classes. The-estimated incidences
of infected seed from the bulk-seed tests of
the 25 to 34%, 35 to 49%, and 50 to 74%
disease classes were similar to those ob-
tained by the single-seed tests; about 0.2%,
1%, and 2 to 4% (Table 1). The confidence
intervals fromthe single-seed tests over-
lapped the -confidence. intervals: from the
bulk-seed tests (Table 1). ..

Relationship between foliar dlsease
and seed infection. The percentages of
infected seed from the 77 maize lines sur-
veyed, as estimated by: bulk-seed ELISA,
were consistent -with: those observed from
similar disease classes in the comparison
of bulk-seed and single-seed assays. Seed
infection .was not observed among five
maize lines in the trace to 2% disease class
or among nine linés in the 6 to 14% disease

Table 1. Comparison of bulk-seed enzyme-lmkcd immunosorbent assay (ELISA) w1th single-seed assays for estimating the 1nc1dence of Pantoea stew-

artii-infected seed in hybrid B73 x KS4 in 1992
Bulk-seed ELISA (50-seed samples)

Single-seed assays (300 seeds sampled)

Disease severity ~ Samples (of 10) ' Estimated seed - 95% confidence limits Estimated seed 95% confidence limits
class (%) ‘contaminated  infection (%)* Lower Upper infection (%)® Lower Upper
Trace to 2 0 0 Not tested

3t05 0 0 0.00 0.69 0.00 0.00 125
6to 14 0 0 0.00 0.69 0.00 0.00 1.25
25t034 1 0.21 0.01 1.18 0.33 0.10 1.80
35t049 3 0.71 0.18 1.91 1.00 0.30 292
50to 74 6 1.82 0.69 372 4.00 2.26 6.79

@ % seed infection was obtained from 100 x p where p = 1 - (1 = Q)"#, Q = number of contaminated samples/10, and n = 50 seed.
b 9% seed infection was obtained from number of positive seeds/300.
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class (Table ~2).-Although - quantitative
measures of lesion size were not taken, the
seed-parent plants in the trace to 2% se-
verity class had small, restricted Stewart’s
wilt-lesions, typically less-than 2 to'3 cm
long. Seed-parent plants in-the 6 to 14%
class had leaf lesions that were several
centimeters long and’sometimes coalesced
with -adjacent lesions, -but showed no evi-
dence of systemic infection. Systemic in-
fection was-defined as leaf to leaf or leaf to
ear movement of P :stewartii via the
vascular system of the plant. Symptoms of
systemic infection included - long lesions
extending to the base of the-leaf blade, and
sometimes included leaf or plant wilting,
stuntmg, and early death. . Long ‘lesions
causing extensive necrosis, and character-
-istic of systemic infection, were observed
on maize lines placed in the 25 to 34%, 35
to 49%, 50 to 74%, and 75 to 100% disease
severity classes.

Despite. the generally h1gh levels of fo-
liar disease (225% severity) in-63 of the 77
maize lines surveyed; the actual number of
infected seed lots and the incidence of seed
infection was relatively low. Only two of
31 seed lots in the 25 to 34% class had P.
stewartii-infected seed, and the incidence
of seed infection in those: lots was less than
1%. Four of 16 seed lots in the 35 to 49%
-class, four of seven seed lots in the 50 to
74% class, and eight of nine seed lots in
the 75 to 100% .disease class had P.
stewartii-infected seed’ (Table 2). The in-
cidence of P. stewartii-infected seed did
not reach 5% for any seed lot until foliar
disease severity ‘was' at least 50%. The
highest incidence of seéd infection from
seed-parent plants. with <50% necrotic leaf
tissue was 2.1%, from the open-pollinated
cultivar Longfellow Flint (PI 217408; 35 to
49% leaf area killed). Three seed lots had
more than 5% infected kernels, namely,
Golden Bantam sweet com (PI 255977; 50
to 74% leaf area killed) with 6.7% infected
kernels, dent corn inbred A632Ht with
10% infected kernels (50 to 74% leaf area

killed), and Mohawk Round Nose- flour -

corn (PI 483087; 75 to 100% leaf area
killed) with 11.4% infected kernels.

DISCUSSION .

The results suggest a direct relationship
between severity of foliar symptoms of
Stewart’s wilt on seed-parent plants :and
the incidence of seed infection by P,
stewartii, and also demonstrate that the
mere presence of Stewart’s wilt is not a
good indicator of the likelihood of seed
infection. P. stewartii-infected seed was
found only in seed from parent plants with
225% necrotic leaf tissue. The absence of
P. stewartii from seed of the five resistant
(trace to 2%) and nine moderately resistant
(6 to 14%) maize-lines suggests a possible
threshold level between 15 and 25% dis-
ease severity for Stewart’s wilt on leaves
before bacteria are detected in seed. We
tried to select plants that were representa-

tive of a single disease class for each maize
line, although one cannot say with cer-
tainty that there was no overlap, particu-
larly near 35 and 50% disease severity. To
ensure a clear separation: between:disease
classes in the range where systemic infec-
tion was likely to occur, we did not include
a 15 to 24% disease class.

Anderson -and Buzzell (1) compared-the
incidence of seed infection from a resistant

and-a susceptible hybrid and reported re-

sults that are consistent with our findings.
They- detected no-seed infection from a
hybrid with a small amount of leaf disease
and 4% infected kernels from a severely
infected hybrid. These data further support
the conclusion. of Khan et al.-{(12),who
suggested that seed infection probably-does
not occur in -nonsystemically::infected
plants.

Judging whether or not a plant is sys-

- temically infected.can be difficult; -how-

ever, it is relatively -easy :to: recognize re-

sistant ‘maize lines- with little chance for

seed infection if the plants are inspected
near maturity. In geographic areas where
Stewart’s*wilt is-normally a late-season or

~post-tasseling disease, the chance for seed

infection is- reduced, even on susceptible

cultivars, because the pathogen has a rela- -

tively short time to colonize the plant. The
low incidence of seed infection from many
of the highly susceptible maize lines sur-
veyed in this study was probably related to
the late onset of disease.”

There is currently no allowable level of
seed-parent plant infection in phytosanitary
field inspections; for either the incidence or
the severity of plant infection. Under the
zero tolerance regulations for Stewart’s
wilt, seed lots harvested from fields with

any incidence of Stewart’s wilt on seed-
parent plants are rejected, unless the seed

passes laboratory testing. Thus, estimating
the incidence of infected seeds in a seed lot
is unnecessary, because any positive (i.e.,
infected) seed lots identified by laboratory
testing- are- rejected. :Nevertheless, it .may
prove valuable for assessing the risk of
seed transmission to have such an estimate.
In an earlier report.(2), we noted that 28
of 29 instances of seed transmission came

from seed lots containing >35% infected
kemnels. The rate of seed transmission was
significantly higher from those seed lots
than from naturally infected seed lots (0.14
and-0.022%, respectively), even after ad-
justment for differences in the incidence of
infected kernels. We suggested that there
were probably additional factors that made
seed transmission-from the-high-incidence
seed lots more-likely. Those seed lots con-
tained many partially. developed or slightly
shrunken kernels, some of which still ger-
minated. We suspect that kernels with ex-
tensive bacterial invasion are more likely
candidates for seed transmission than are
superficially colonized kernels. That study
dealt almost- exclusively - with ‘high-inci-
dence seed lots, and the procedures used to
dry and handle-the seed were more likely
to promote the survival of P. stewartii than
the procedures normally. used by commer-
cial seed companies. Hence, the study was
conservative in-its estimates of the rates of
seed transmission of P. stewartii. No stud-
ies have examined sufficiently large num-
bers of seedlings™ from: naturally infected
lower-incidence seed lots (e.g., 1 to 5%
infected seeds) - to'- demonstrate: whether
there might -be "a threshold incidence of
seed infection below. which seed transmis-
sion was so unlikely as to be of little phy-
tosanitary concern. .Such:a study would
require examining hundreds of thousand to
millions of plants, depending on the de-
sired level of confidence, and.detecting no
cases of seed transmission. Khan et al. (12)
did not observe seed: transmission from

“ more than 75,000 plants-grown from seed

harvested from systemically - infected
plants. The incidence of kernel infection in
their seed lots was probably quite low, as
they were unable to detect P. stewartii in
several seed lots: Hence, the actual number
of infected seeds that were planted was too
few. to demonstrate a significantly lower
probability of seed transmission.

If a-tolerance were allowed for a certain
percentage of infected 'seeds in a seed lot,
the bulk-sampling ELISA technique would

‘provide a simple and rapid means of esti-

mating the incidence. Most  seed-health
testing l\aboratories already use multiple

Table 2. Number of maize lines assigned to each of six disease severity classes as related to the inci-
dence of Pantoea stewartii—infected kernels (combined data from 1990 and 1992)

Disease severity Seed infection category® " Maize
class (%)° 0% 05t01% 11t025% 26t05% 6t010% >10%  lines
Trace to 2 5 0 0 0 0 0 s
6to14 9 0 0 0 0 0 9
251034 29 2 0 0 0 0 31
35t049 12 2 2 0 0 0 16
50074 3 0 0 2 2 0 7
75 to 100 1 4 1 2 0 1 9
Total 59 8 3 4 2 1 7

# Incidence of seed infection from each line was calculated from bulk-seed test results of five 50-seed

samples. (1990) or six 25-seed samples (1992).

b Ten to 20 plants were selected from each of 77 maize lines based on the percentage of necrotic
tissue on the ear leaf (just below the ear). All plants from each maize line were in the same disease

class, and the seed was pooled for ELISA.
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samples or batch- ELISA testing: Hence,
the data needed to estimate the incidence
of infected seeds in a seed lot is potentially
available. The proportion of infected seeds,
p, determined by equation 1, depends. only
on the number of-seeds per-batch (n) and
the proportion -of positive: batches, not on
the - total ‘number of “batches tested.  For
example, if two of four batches test posi-
tive, p will be exactly the same-as if 10 of
20 batches test positive.: However, meas-
ures of the reliability -of the estimate, such
as confidence intervals, improve as more
batches are tested (6). .

For the bulk-seed method to be effec-
tive, a single infected seed must produce a
sufficiently strong ELISA signal to com-

_ pensate for dilution-amongthe noninfected
seeds. Hence, the sample size is limited by

" the detection - sensitivity-.of the ELISA.
This is of practical importance in the low-
incidence seed Iots, where the number of
infected kernéls per sample is- generally
zero “or ‘one. Séed. lots: with--a high inci-
dence of ‘infected kernels usually :have
many infected kernels per sample, all con-
tributing to the ELISA signal.*" -

The seed infection ‘perceritage estimates
obtained by -bulk-seed testing -(Table 1)
seemed to be slightly lower than the per-
centages- obtained- by -single-seed testing;
although the confidence - intervals. over-
lapped. The differences between the single-
seed and bulk-seed: estimates could be due

to chance, because only 10" samples were-

tested per seed lot in‘the bulk-seed: assays.
For-example; in the 25:t0 34% seed lot, the
percentage of .infected seeds estimated by
the bulk-seed method was-0.21%, com-
pared with 0.33% estimated by single-seed
testing. However, if a single infected seed
had. occurred in any one.of:the nine non-
contaminated- samples,” the bulk-seed - esti-
mate would have been slightly -Higher
(0.44%) - than*the - single-seed -estimate:
Similarly, if one:more contaminated sam-
ple were detected in the 35 to 49% seed
lot, the estimated - percentage - of infected
kernels would “have been 1.02%,. essen-
tially- identical to the singlé-seed estimate.
In either case, the incidence of infected

kernels- was . very: fow and the-bulk seed

method provided a useful estimate with far
less effort than: required by single-seed
testing. There was some evidence for a

530 Plant Disease /Vol: 83 No. 6

dilution effect in the 50-to. 74% seed lot.
The bulk-seed estimate would have better
approximated the single-seed estimate of
4% .if ‘there- had. been  eight -or nine
contaminated - batches, - instead “of six;
yielding estimates of 3.2 or 4.5% infected
seeds, Tespectively. The single-seed assays
may - have.  identified some " superficially
colonized -kernels that might have gone
undetected - -when = diluted . among .- the
noninfected: kernels. in.. the- bulk . assay.
However, . obtaining - precise estimates of
the incidence of infected seeds in-a seed lot
is' probably not -as- important as knowing
whether the incidence is low or high. The
combination: -of --bulk-seed -assays and
statistical  estimation offers a means for

readily obtaining such data. : ,
This study has demonstrated that.a zero
tolerance for Stewart’s wilt incidence on

seed-parent plants in seed production fields
is- -unnecessarily  restrictive. - Disease
severity “was impertantin -relation .to- the

incidence of - seed infection, but - disease -

incidence -onseed-parent plants. was not.
The study contributes -additional -evidence
to indicate that the chance of :spreading P,
stewartii from U.S.-produced maize seeds
is ‘low. Sixty-three of the- maize lines
surveyed were very susceptible (>25%
disease severity) and not representative of
the generally good resistance found in U.S,
cultivars. Yet 45 -of those 63 maize lines
had: no seed infection; and only 3 of .18
infected lines had seed infection  levels
greater than 5%. The usefulness of ELISA-
based seed- health testing could be further
expanded to -estimate- the percentage -of
infected- seeds’ in a “seed lot by using

statistical methods for group testing.
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