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RESEARCH ARTICLE

Abstract. To evaluate the accuracy of genetic markers of horA and horC genesto rapidly detect the
spoilage ability of beer spoilage bacteria,the genotypes and phenotypes of 53 spoilage bacteria
strains which were isolated from 5 Chinese breweries were compared in this study. The physiological
features studied included M13-PCR fingerprint,horA and horC genes,beer spoilage ability and hop
ability. The clustering analysisof MI13-PCR fingerprint indicated that the
similaritycoefficient was less than 70% between different species and the similarity between strains in

resistance

the same specie also varied greatly. Hence,the genotypes of 53 strains were different from each
other. Phenotype analysis showed that almost all strains with strong spoilage ability or hop resistance
ability contained horA or horC genes,which confirmedthe good accuracy of these genetic markers.
However,some non-spoilage or weak hop-resistant strains also contained horA or horC genes,
leading to a highfalse positive rate of 78.6%. A few weak spoilage strains did not contain horA or
horC genes,which led to a false negative rate of 28% . Two strong hop-resistant strains did not
contain horA or horC genes and they were supposed to have other mechanism of hop resistance. It is
interesting that horA and horC geneswere found to be conserved in L. plantarumspecies. These results
indicated that horA or horC genesare not suitable to be used as genetic markers for rapidly detectionof
the spoilage ability and hop resistance of all beerspoilage bacteria.

Keywords: beer spoilage bacteria,hop resistance,PCR fingerprint,rapid detection of bacteria,

genetic marker
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Ima 1-1-1 ¥ A 0.030 + +
Ipl-2-16-3 + B 0.015 +

Ibr 2-5-3 + B 00112 +

Ipl 1-5-3 + A 0.0075 + +
Ipl 1-8-2 +++ A 0.0225 + +
Ipl 2-5-1 ++ B 0.0263 + +
Ipl 3-13-1 + (o] 0.0225 + +
Ipl 1-6-1 ++ A 0.030 +
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Ica 2-14-1 + B 0.015

Ipl 2-9-2 +++ B 0.030 - +
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SRR AR IR L) o BB « BB DY S S - MIC(%) .

1 ARG ME M13-PCR BN R E A BISE

Fig. 1 Clustering analysis of M13—-PCR results and biochemical properties of spoilage microbes which can grow in beer
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Fig. 2 Clustering analysis of M13—PCR results and biochemical properties of spoilage microbes which cannot grow in beer
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Fig. 3 Analysis of the hop resistant ability of strains
through gradient hop agar plates
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Table 1 Summary of beer spoilage ability of spoilage

microbes

%'t B (ODigy)

= 0~0.020 28

+ 0.020~0.040 17
++ 0.040~0.060
+++ 0.060~0.120

24 BEMMEEBRMNY 1S
horA Fl horC 1L & 9 /F Jy 5 Fh L R BRI, Al
WL 3 TR I o X6 53 RR WAL V5 YL T Y PCR 3 36 460
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plantarum 1-10-1, L. plantarum 2-5-1
B 4 horA(A)5 horC(C)EE ¥t
Fig. 4 PCR results of horA and horC
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B IIPE S 28% , ANid 76 6 W BE 7 5 i) 8 Ak B Ak
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13 #k &% A horA/horC, & BITP 640 1 48 558 1) T Pk —
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e, 7 MR & A horA 5 horC ; T AEHT My v
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327 Bk HOR & L. casei/paracasei (9 £k ) (L. brevis

(8 ¥k) L. lactis (4 ¥k ), TEXLEHFIrp L. plantarum

1) horA/horC 4" 3 B e i , 35 B 1 96.3%, i 3%

ETHEE 3R, B horA/horC ¥E L. plantarum H-A7

Bm RS

% 2 horA/horC ¥ ¥ 55 £ B HE WA N MBELRE
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Table 2  Relationship among horA/horC genes,beer

spoilage ability and hop resistance ability
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Table 3 Relationship between horA/horC and spoilage

bacteria strains
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