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Fig. 1.
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F¥-A ;I,ﬁlﬁd Ay 598 bp lyirlir}l J=9 1/[[ (b) B o % Fy Wﬁ CWlCﬁUﬂFI J?EFQJ I E] o
g B2 p v g

The cryl genotyping by multiplex polymerase chain reaction (mPCR) (19 Relative
locations of 5’ primers (TY1E, TY1Aa TY1Ac, TY1D, TY1F, TY1C, and TY6) and 3’
primers (TY1UN and TY 14) on the cryl-type gene are shown in (A). Part of each
cryl-type gene was amplified by one set of 5’ and 3’ primers in multiplex PCR as
shown in (B), representing a 883-bp fragment for crylE, a 724-bp fragment for crylAa,
a 487-bp fragment for crylAc, a 414-bp fragment for crylD, a 368-bp fragment for
crylF, and a 288-bp fragment for crylC. Primers TY6 and TY 14 are unique for the
amplification of a 238-bp fragment from the crylAb gene. Primers 1C-F and 1C-R
shown in (A), which resulted in the 598-bp fragment by PCR shown in (B), could
facilitate the determination of the a- and b-types of crylC genes better than the primers
used for only the crylCa type in mPCR. All details of the primer sequences are
presented in reference 2.
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Table 1. The cryl genotyping of the crylC-containing Bacillus thuringiensis strains isolated from
different sources in Taiwan and the insecticidal activitiy of each culture against diamond
back moth (Plutella xylostella, DBM) ?

Isolate cry1” Mortality o ree?

Aa Ab Ac C D E F (%)
A06-03x + — — = + — + 93 Bauchung,Yunlin
A06-04x + + - [+ + = — 100 Bauchung,Yunlin
B07-02a + + - I+ + = — 100 Joru,Pingtung
E05-20a + - + [+ + - — 100 Yuli,Hualien
E10-01a + + — = + — — 100 Shoufeng,Hualien
E10-11a + + - [+ + = — 100 Shoufeng,Hualien
E10-12a + + — = + — — 100 Shoufeng,Hualien
E10-13a + + - [+ + = — 100 Shoufeng,Hualien
G37-07a -+ 4+ + 4+ o+ — 100 Meinung,K aohsiung
102-01x + - - [+ + - — 100 Puyen,Changhua
130-13a + + — = + — — 100 Shetou,Changhua
cK? — — — = — — — 0 —

Y Data collected after 48 h of treatment. Thirty third instar larvae were assayed for each isolate.
The protein concentration used for each treatment was 0.25 mg/ml. The cabbage leaf area
was 20 cm?.

2 The cryl-type gene contents were detected by multiplex PCR using cryl-mixed primers as
described in text.

¥ The source of each isolate refers to the location of the cereal storage house of each local
farmer’s association.

4 CK: Larvae were fed with the leaves which had been sprayed with distilled water only.
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Table 2. Insecticidal activity of crylC-containing Bacillus thuringiensis Taiwan isolates against
the larvae of the tobacco cutworm (Spodoptera Iitura)l)

Mortality (%)?

Larvae weight

Isolate Time after treatment (h) after 120 h (mg)?
24 h 48 h 72h 96 h 120 h
A06-03x 0 6.7 13.3 36.7 63.3 31 =04
A06-04x 0 16.7 233 30.0 30.0 54 +0.8
B07-02a 3.3 6.6 16.7 20.0 26.7 72 £1.6
E05-20a 0 10.0 10.0 233 36.7 119 £23
E10-0la 0 0 0 0 0 174 £2.2
E10-11a 0 0 10.0 13.3 16.7 13.3 +1.0
E10-12a 0 0 20.0 333 46.7 3.0 0.1
E10-13a 3.3 3.3 3.3 26.7 46.7 10.6 =1.9
G37-07a 0 0 3.3 10.0 10.0 13.6 =1.8
102-01x 0 3.3 20.0 36.7 40.0 13.9 =24
130-13a 0 0 0 10.0 10.0 31.3 +44
CK? 0 0 0 0 0 112.3 +0.2

2 Thirty third instar larvae were assayed for each isolate.

2 The protein concentration used for each treatment is 5 mg/ml. The tobacco leaf area was 45
cm?.

9 The wei ght of surviving larvae was measured at the end of treatment.

% CK: Larvae were fed with leaves which had been sprayed with distilled water only.
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The inhibition effect of each Cry1C-containing Bacillus thuringiensis bacterial culture
on the growth of Spodoptera litura larvae. The bacterial culture with 5 mg/ml of
protein concentration was sprayed on both sides of a tobacco leaf disc. The treated |eaf
was fed to third instar larvae of S. litura for 24 h. Non-toxic feed was subsequently
provided for the next few hours. Observations were made each 24 h on the influence of
toxic residues in the larva’s body on mortality, as shown in Table 2. After 120 h, larvae
were weighed (results are shown in Table 2) and photographed, as shown in (A). (B)
Growth inhibition of larvae was assessed using the relative weight, by comparing the
average weight of each treatment with those which were only fed distilled water (CK).
The average weight of larvae in CK was regarded as 100%.
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ABSTRACT

Lin,C.H.,Wu, S.P.,Kao, S. S,,and Tzeng, C. C.* 2002. Identification of novel
crylC genes from local Taiwan Bacillus thuringiensis isolates with effective
insecticidal activity by genotyping strategy. Plant Prot. Bull. 44: 233-244.
(Department of Bio-pesticide, Taiwan Agricultural Chemicals and Toxic Substances
Research Institute, Wufeng, Taichung, Taiwan, ROC)

The existence of the crylC gene in 11 of 807 isolates of Bacillus thuringiensis
(Bt) from Taiwan was verified within cryl genotypes by multiplex polymerase chain
reaction (mPCR). Initially, the bioassay using 0.25 mg/ml of total proteins in Bt
suspensions displayed the mortality rates among 93%-100% at 48 hours against the
third instar larvae of Plutella xylostella (diamondback moth, DBM), showing the
excellent insecticidal efficacy of the cryl-type genes. The crylC gene is especially
effective against the Spodoptera spp. which are important pests causing heavy crop
damage and yield losses in tropical areas. To perform biological control targeting the
Spodoptera spp., we focused on analyzing insecticidal activity caused by the crylC
gene in the 11 local isolates. Ambiguous mortality ratings of from 0% to 63.3%
against the third instar larvae of S. litura (tobacco cutworm, TCW) implied that novel
type of the crylC gene might exist in some of the 11 isolates. To disclose novel types
of crylC genes in advance, a 598-bp fragment was amplified from all the isolates
with higher mortality (> 20%) against TCW, and this was sequenced for further
identification. The unraveled 598-bp DNA sequences have thus far shown their
equivalence with published crylCa4-6 genes except for one from isolate E05-20a
which could cause 36.7% mortality against TCW. It would be worthwhile cloning the
crylC gene in isolate E05-20a, as a novel crylCa-type gene. According to PCR
genotyping, another isolate, G37-07a, may contain the crylCb-type gene; however,
the lower insecticidal activity (10%) against TCW may reduce its applicable value.
Genotyping corresponding to both insecticidal activity and pest growth inhibition is
also discussed.

(Key words: Bacillus thuringiensis, insecticidal crystal protein, crylC gene,
genotyping, Spodoptera litura)
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