CA and Fumigation

Insect Resistance and Management Strategies

0803

Resistance and Genetic Differentiation of Rhyzopertha dominica
to Phosphine among Different Geographical Populations in
China:a Preliminary Study

Song Xuhong' , Sebastien Boyer' ,Zhao Yongshun',Li Xiaoxue',Zhang Jundang’
Zhou Changjin® , Huang Feng’ and Zhang Hongyu' *

Abstract ; In this article, the mortality effect of the most world’ s used fumigant, phosphine, was
studied on one of the most important species of stored-product insect,the lesser grain borer Rhyzopertha
dominica (Fabricius) . In parallel , genetic differentiation among various resistant populations of R. dom-
inica was investigated using amplified fragment length polymorphism ( AFLP). The LCs, values from 6
different geographical populations,showed values between 0. 05 mg/L and 3. 25 mg/L. The populations
Banan, Chengdu, Shayang, Zhucheng, Yangchun, Xuchang were , respectively, the most sensitive to the
most resistant. In addition, AFLP results using EcoR 1/Hpa 11 and EcoR I/Msp 1 primers, separated
populations into a phylogenetic tree. The dendogram obtained with the primers EcoR 1/Msp 1 could be
easily explained by a geographical hypothesis but the pattern obtained with EcoR 1/Hpa 1l primers
could not. Two populations( Yangchun and Zhucheng) with distant geographical origins but with a high
resistance to phosphine were clustered together. The influence of the phosphine treatment, and there-
fore ,resistance of R. dominica to this insecticide ,on the genes is one hypothesis resulting from this pre-

liminary work.
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Introduction

The lesser grain borer, Rhyzopertha domi-
nica ( Fabricius) ( Coleoptera: Bostrichidae ).
R. dominica. is a harmful grain pest originating
from tropical areas but actually distributed
throughout the world. Both larvae and adults
cause serious damage to grain such as rice,
maize ,wheat, paddy. It is described as the most
important pest of stored wheat in Brazil "' and
it attacks the storage of paddy rice too "', Sev-
eral resistant strains of R. dominica have been
described .

The main method used for controlling
stored-product insects world-wide, including
China, is the fumigation with phosphine gas '''.
It is commonly used against all species of
stored-product insects including R. dominica.
Resistance of stored-grain insects to phosphine
was detected in 33 of 82 countries surveyed'’’
and stored product insects are described as re-
sistant to the compound in more than 45 coun-
tries''*/. Resistance to phosphine has been re-
ported occurringin several economically impor-

tant species, includingSitophilus oryzae ( F. ),
Sitophilus zeamais ( Motschulsky ), Tribolium
castaneum( Herbst) and R. dominica">*"'".

Several studies have dealt with the prob-
lem of the resistance to insecticides, particularly
to the phosphine. But few of them studied the
genetic resistance'>'®’ . In these articles , authors
observed the involvement of resistance genes,
and also their inheritance. Contrary to other dis-
ciplines where genetic resistance and population
genetics are strongly described ,no data exist on
a possible relationship between resistance evo-
lution and genetic polymorphism in stored-prod-
uct species. Amplified fragment length polymor-
phism( AFLP) is a technique which could help
to understand this resistance 7', AFLP is used
to analyze genetic diversity, to identify bio-
types, to construct linkage genetic maps, to
study population genetics, gene location and ge-

. .7 [12,8,2,7.14]
netic polymorphism .

The objective of this research was to test
the hypothesis of genetic variation among six
populationsof R. dominica populations in Chi-
na. Using both classical measures of mortality
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and AFLP, we aimed to described a possible ge-
netic differentiation among populations with dif-
ferent levels of resistance.

Material and Methods

Insects and Rearing Conditions

Populations of R. dominica were collected
between 14 May and 4 September,2007 in six
cities of China; Banan ( Chongqing province ) ,
Chengdu ( Sichuan ) , Shayang ( Hubei ) , Yang-
chun ( Guangdong ) , Zhucheng ( Shandong) and
Xuchang( Henan) .

Xuchang, Shayang, Zhucheng and Yang-
chun populations were collected from central
storages. Banan population came from a rice
mill And the Chengdu population was from
Chengdu Grain Storage Research Institute. Pop-
ulations were then reared in our laboratory with
cracked wheat at a moisture content of 13 1% .
Rearing temperature was maintained at 30 +
1°C and relative humidity was 75 5% . Adult R.
dominica 14 days old were used in phosphine
resistance assays.

Phosphine Bioassays

Phosphine was obtained by a reaction of
zinc phosphide ( Jining City Yimin Chemical
Plant. Concentration ) and sulfuric acid. The
Lethal Concentration 50 ( LCy, ) values of R.

dominica to the fumigant phosphine were detec-
ted using an FAO method. After 20h treatment,
each sample of tested insects was transferred in-
to glass tubes with creaked wheat. Mortality was
recorded 2 weeks later after the transfer of adult
insects. Each treatment was undertaken three
times.

DNA extraction

We adopted phenol-chloroform extraction
method and tested OD 260/280 from 1. 6 -
1.9'"% Seven adults of R. dominica were suit-
able for DNA extraction.

Amplified Fragment Length Polymor-
phism ( AFLP)

DNA was digested with Hpa 11, Msp 1 and
EcoR 1 restriction endonucleases ( MBI Fermen-
tas, EU). Then, for the ligation, used adapters
were prepared by the mixing of two adapters
(MBI Fermentas, EU) : Hpa 11/Msp 1 adapter
was prepared by mixing 5’ — GACGATGAGTC
TAGAA -3’ and 5’ - CGTTCTAGACTCATC
-3’ adapters and EcoR | was prepared by
mixing 5’ - CTCGTAGACTGCGTACC - 3’
and 5° — AATTGGTACGCAGTC - 3’ adapt-
ers. DNA fragments were ligated to Hpa 11/ Msp
I and EcoR 1.

Pre-amplification was performed with pre-
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selective primers Hpa 1I/Msp 1(5° - GAT-
GAGTCTAGAACGGT -3’ ) and EcoR 1(5° -
GTAGACTGCGTACCAATTCA - 3’ ) ( Shang-
hai Generay Biotech Co,China). Pre-amplifica-
tion was performed with 0.1 wL of each EcoR 1
and Hpa 1I/Msp 1 preselective primers
(100uM ), 0.5 pL dNTPs (10 mM),2 pL
Mg (20 mM),2.5 wL 10X PCR buffer (500
mM KC1;100 mM, Tris — HCI; pH 8. 3;15 mM
MgCl,) and 0.2 pL Taq DNA polymerase(5U/

L) and 5uL of ligation solution in a total vol-
ume of 25 pL. The PCR reaction was performed
at 94°C for 3 min, following by 20 cycles of
94°C for 30 s,56°C for 1 min,72°C for 1 min,
and a final elongation of 72°C for Smin.
Selective amplification used two selective
primers Hpa 11/Msp 1(5° — GATGAGTCTAGA
ACGGT - 3’) and EcoRI + ATA (5° -
GTAGACTGCGTACCAATTCATA -3’), each
containing three selective nucleotides. Selective
amplification was performed with 0. 05 pL of
each selective primers ( 100pM ), 0. 3 pL
dNTPs (10mM ), 1. 2 uL Mg** (20mM), 1.
S5uL 10X PCR buffer (500 mM KCl;100 mM,
Tris — HCI: pH 8. 3;15 mM MgCl, ), 0. 2pL
Taq DNA polymerase and 3 pL of preamplifica-
tion solution in a volume of 15uL. The PCR re-
action was performed with a first denaturation
cyle at 94°C for 3 min, following by 13 cycles
(94°C for 30 5,56°C for 1 min,and 72°C for 1
min) during which the annealing temperature
was decremented 0. 7°C each cycle. The PCR
continued with 23 cycles (94°C for 30 s,56°C
for 1min,and 72°C for 1 min) following by a fi-
nal elongation of 72°C for 5 min.
Amplifications were carried out in PTC —
200 DNA machine ( MJ, USA ). The reaction
products were separated on denaturing 6%
polyacylamide gels adopting at 70W power with
a DYCZ -20C electrophoresis machine ( Beijing
Liuyi Instrument Factory,Beijing, China) .

Data Analysis

Linear regressions of mortality and LCs,
values were obtained with SPSS 10. O ( Statisti-
cal Package for Social Science,Chicago,USA).
AFLP results were analyzed by a cluster analy-
sis. Each strain was scored 1 for the presence or
0 for the absence of each band. A dendrogram
was obtained using the Unweighted Pair —
Group Method using the Arithmetic Averages
(UPGMA) with NTSYSpc version 2. 10p ( Ap-
plied Biostatistics,Inc. ,New — York ,USA).
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Results

Mortality of R. dominica

The six populations of Rhyzopertha dominica
showed a range of sensitivities to phosphine.
Mortality values, expressed as LCs,, fluctuated
between 0. 05 mg/L and 3. 30 mg/L ( Table
1). The highest resistance factor was almost
66. Populations could be ordered by sensitivity

to the phosphine in 3 groups. The most sensi-
tivewere the populations from Banan and Cheng-
du presenting almost the same low LCs,, almost
0.05 mg/L. Then one population, from Shayang,
had an intermediate mortality value with a 0. 59
mg/L LCy,. Then, the three populations from
Yangchun , Xuchang and Zhucheng had the high-
est LCy, values(3.19 -=3.29 mg/L).

Table 1. Analysis of mortality of Rhyzopertha dominica populations to phosphine. Linear regression
was performed for each population. The bioassays were performed in triplicate.

Origins Regression of the linear regression of mortality LC,,/mg/L 95% Confident limit

Banan Y =2.27 X +4.61 0.0495 0.207 -16.7
Chengdu Y=2.24 X +2.91 0.0498 0.00271 -0. 184
Shayang Y =2.73 X +0.629 0.585 0.0167 -2.03
Yangchun Y =2.52 X +0.379 3.19 1.447 -107.0
Xuchang Y=5.84 X-2.99 3.25 0.633 -4.90
Zhucheng Y =4.85 X-2.51 3.29 0.0735 -4.08

AFLP Analysis

The tree obtained with both Msp 1 and Hpa
I bands clustered populations into two groups
(Fig. 1). The first group included the Banan
and Chengdu populations. The second group
was itself separated in two groups of two popu-
lations ;on the one hand Shayang and Xuchang
populations, on the other hand, Yangchun and
Zhucheng populations.

| Banan

| Chengdu

Shayang

Xuchang

Yangchum

I 1 Zhucheng
0.57 Coefficient 0.88

Fig. 1 Dendrogram of Rhyzopertha dominica
populations based on amplified fragment length
polymorphism ( AFLP ) analysis using the num-
ber of bands, of Msp I and Hpa 11, coding by ab-
sence/presence. Analysis of bands, performed in
duplicate , was based on the analysis of 50 bands
for EcoR 1/Hpa 11 and 52 bands EcoR I/Msp 1.

The dendogram obtained with Msp 1 bands
alone showed similar relationships, although the
one obtained with Hpa Il bands showed a differ-
ent pattern( Fig. 2) . The tree obtained with Hpa
I, like the other two,divided R. dominica popu-
lations into two major clusters. The major differ-
ence was in the subdivision of the second clus-

ter, the first cluster included Banan and Cheng-
du populations. For the four other populations,
Zhucheng population was nearest with Shayang
and Xuchang populations. Yangshun population
was by itself.
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Fig.2 Dendrogram of Rhyzopertha dominica
populations based on amplified fragment length
polymorphism ( AFLP) analysis with bands Hpa
II (on the left) and bands of Msp I (on the
right) . Each band analysis, performed in dupli-
cate, was coding by absence/presence. Analysis
is based on the analysis of 50 bands for EcoR I/
Hpa 11 and 52 bands EcoR I/Msp 1.
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Discussion

The dendograms obtained from analysis of
Hpa 1I/EcoR 1 and Msp 1/EcoR 1 bands,
showed three final clusters:; Benan — Chengdu,
Shayang — Xuchang and Yangchun — Zhucheng.
We propose a geographical explanation for this
pattern. Indeed , Chengdu and Banan ( the first
cluster) are cities close together. Similarly, the
cluster Shayang — Xuchang could be explained
by the proximity of these two cities. However, a
geographical hypothesis cannot be used to ex-
plain the cluster Yangchun - Zhucheng, as
Yangchun is in the south of China and
Zhucheng on the East coast and closer to
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Xuchang or Shayang. In contrast, the pattern
obtained with Msp I primers can be explained
with a geographical hypothesis alone. However,
the results obtained with both primers or only
with Hpa 1 cannot be explained by geography a-
lone. Looking at both dendograms and the mor-
tality data, two points need to be highlighted .
the differences in mortality values between the
two close (genetically and geographically) pop-
ulations , Shayang and Xuchang,and the related-
ness of the Yangchun and Zhucheng popula-
tions in spite of their geographical remoteness.
The influence of phosphine treatment and/or
the resistance of R. dominica to this insecti-
cide,on the EcoR I/Hpa 1 restriction sites is
one hypothesis that could explain the related-
ness of Yangchun/Zhucheng .

These two particular last points are encour-
aging although we didn’ t reach our major ob-
jective. Indeed, none of the studied bands
showed specifically a region involved in phos-
phine resistance. Several explanations could ex-
plain this failure. Compared with classical sam-
ples in AFLP studies ( e. g. 38 Aedes aegypti
samples from Mexico' ™ or 133 pollen beetles
samples from Sweden'®? ) | there was a lack of
the diversity in the sample. Concerning the
method, while in this study only two pairs of
primers were used without combination, four
primer combinations were used on pollen bee-
tles '* and three on Aedes aegypti individu-
als'"™/,

However, we managed to obtain some in-
teresting results with this preliminary experi-
ment using AFLP method on a species of
stored-product insects,. Knowing that both mo-
lecular and classical studies demonstrated that
resistance can occur by a genetic change at a

. [15] .
single locus' ”' ,we are currently developing the
method to study more populations within China.
The final objective is to study genes involved in
resistance in R. dominica populations interna-
tionally. In the same way, the influence of gen-
eration time, the role of spatial factors and in-
secticide treatment on population differentia-
tion'® can be studied. Moreover, we are cur-
rently completing this phylogeographic study
with experiments based on mtDNA sequence a-
nalysis from cytochrome oxidase I and II.

Acknowledgements

This work was partially supported by a
China Postdoctoral Science Foundation, China
National Science and Technology Project of

608

thel1th Five-Year Plan (2006BAD02A18 - 03
and 2006 BAI09B04 —06) and Hubei Key Pro-

ject of Science and Technology.

References
[1] Bell,C. H. , Wilson, S. M. Phosphine tolerance

and resistance in Trogoderma granarium Everts
( Coleoptera: Dermestidae ). Journal of Stored
Products Research,1995,31.199 -205

[2] Bohn,M. ,Utz,F. ,Melehinger, A. Genetic simi-
larities among winter wheat cultivars determined
on the basis on RFLPs, AFLPs, and SSRs and
their use for predicting progeny variance. Crop
Sciences, 1999 ,391,228 -237

[3] Champ,B. R. ,Dyte,C. E. Fao Global Survey of
Pesticide Susceptibility of Stored Grain Pests.
Fao Plant Protection Bulletin, 1977 ,25:49 — 67

[4] Chaudhry, M. Q. A review of the mechanisms in-
volved in the action of phosphine as an insecti-
cide and phosphine resistance in stored-product
pests. Pesticide Science 1997 ,49.213 —228

[5] Collins, P. J. , Daglish, G. J. , Bengston, M. ,
Lambkin, T. M. , Pavic, H. Genetics of resist-
ance to phosphine in Rhyzopertha dominica
( Coleoptera : Bostrichidae ). Journal of Eco-
nomic Entomology,2002,95 :862 - 869

[6] Kazachkova, N. , Meijer, J. , Ekbom, B. Genetic
diversity in pollen beetles ( Meligethes aeneus )
in Sweden :role of spatial ,temporal and insecti-
cide resistance factors. Agricultural and Forest
Entomology ,2007,9 :259 -269

[7] Lashermes, P. , Combes, M. C. , Robert, J. ,
Trouslot,P. , D’ hont, A. , Anthony, F. , Charri-
er, A. Molecular characterisation and origin of
the Coffea arabica L. genome. Molecular and
General Genetics,1999,261 :259 - 266

[8] Lashermes, P. , Combes, M. C. , Trouslot, P. ,
Charrier, A. Phylogenetic relationships of coffee
—tree species (Coffea L) as inferred from ITS
sequences of nuclear ribosomal DNA. Theoreti-
cal and Applied Genetics,1997 ,94.947 — 955

[9] Leong,E.C.W.  Ho,S. H. Relative tolerance of
Liposcelis bostrychophila (Bad) and L - ento-
mophila (End) to some organophosphorus and
carbamate insecticides. Insect Science and Its
Application, 1994 ;15 .343 -349

[10] Lorini,I. ,Galley,D. J. Relative effectiveness of

topical , filter paper and grain applications of

deltamethrin, and associated behaviour of

Rhyzopertha dominica (F.) strains. Journal of

Stored Products Research,1998,34 .377 - 383

Lorini, I. , Galley, D. J. Deltamethrin resistance

in Rhyzopertha dominica ( F.) ( Coleoptera:

Bostrichidae ) ,a pest of stored grain in Brazil.

Journal of Stored Products Research, 1999 ,35.

37 -45

[12] Maughan,P. J. ,Maroof, M. A. S. ,Buss,G. R. ,
Huestis, G. M. Amplified fragment length poly-
morphism ( AFLP) in soybean; Species diversi-
ty , inheritance, and near — isogenic line analy-
sis. Theoretical and Applied Genetics,1996,93 .
392 -401

[13] Prakash,A.  Rao,]J. ,Pasalu,l. C. , Mathur, K.

[11]



CA and Fumigation

Insect Resistance and Management Strategies

[14]

[15]

C. Rice Storage and Insect Pest Management.
New Delhi, B. R. Publishing Corporation. 1987
Ravel, S. , Monteny, N. , Olmos, D. V. , Verd-
ugo,J. E. ,Cuny, G. A preliminary study of the
population genetics of Aedes aegypti ( Diptera:
Culicidae) from Mexico using microsatellite and
AFLP markers. Acta Tropica,2001,78.241 -
250

Roush,R. T. ,Daly, J. C. The role of population
genetics in resistance research and manage-
ment. Pesticide Resistance in Arthropods. R. T.
Roush and B. E. Tabashnik. New — York, Chap-
man & Hall;1990,97 - 152[ 16 ] Schlipalius,
D. 1., Cheng, Q. , Reilly, P. E. B. , Collins, P.

[17]

[18]

J. ,Ebert, P. R. Genetic linkage analysis of the
lesser grain borer Rhyzopertha dominica identi-
fies two loci that confer high — level resistance to
the fumigant phosphine. Genetics, 2002, 161 ;
773 =782

Vos,P. ,Hogers,R. ,Bleeker, M. , Reijans, M. ,
Vandelee, T. ,Hornes, M. |, Frijters, A. , Pot, J. ,
Peleman, J. , Kuiper, M. , Zabeau, M. Aflp — a
New Technique for DNA - Fingerprinting. Nu-
cleic Acids Research,1995,23.4407 — 4414
Yang,Z. ,Feng,Y. ,Chen,X. An effective meth-
od for extraction genomic DNA from aphids.

Forest research,2005,18 .641 — 643

609



