I Original article KOREAN JOURNAL OF APPLIED ENTOMOLOGY I

Tr 3 23 EF 019 K] (©) The Korean Society of Applied Entomology
Korean J. Appl. Entomol. 53(2): 149-156 (2014) pISSN  1225-0171, elSSN  2287-545X
DOI: http://dx.doi.org/10.5656/KSAE.2014.03.0.001

SS0ISTIRE OFRDHMHZS &=l HEd 0 M

gt - A ol M - ZEE - 0|8 II“H OIH - FB+ - RS - 0lAIE
SETIEY YA DY

Selection of Insecticide Resistance Markers in Field-collected Populations
of Myzus persicae

Ju Il Kim*, Min Kwon, Jae Dong Shim, Jeom Soon Kim, Yeong Gyu Lee, Sam Nyu Jee, Jeong Tae Lee, Jong Soo Ryu,
Dong Lim Yoo and Gye Jun Lee
Highland Agriculture Research Center, NICS, RDA, Pyeong-chang, Korea 232-955

ABSTRACT: The resistance levels of the green peach aphid, Myzus persicae (Sulzer), against 10 insecticides was checked and selected
the applicable insecticide resistance markers. We conducted our study in 5 cabbage cultivation regions (Pyeongchang, Hongcheon,
Bongwha, Muju, and Jeju) of Korea, over 3 successive years (2009-2011). We selected a multi-resistant (MR) strain from among the 5
field-collected populations. We analyzed esterase over-expression and mutation(s) in the target sites, by using native isoelectric focusing
(IEF) and quantitative sequencing (QS). We detected esterase over-expression and StoF mutation in the acetylcholinesterase 1 gene
(acel) in all of the field-collected populations, including the MR strain. We did not detect the LtoF mutation, which is a well-known
knockdown resistance (kdr) mutation in the para-type sodium channel gene (para), in the MR strain; however, the value of the MR strain
for bifenthrin was 3,461-fold higher than that of the susceptible strain. Our results indicate that insecticide resistance is more effectively
evaluated using molecular markers than by conducting a bioassay. The molecular markers StoF in ace/ and MtoL in para can easily be
applied in diagnostic methods such as QS or PCR amplification of specific alleles (PASA). These methods may be extended to
management of M. persicae resistance in the field.
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Table 1. Insecticides used in this study

. Recommended
.. . Active )
Insecticide ~ Formulation . R concentration
ingredient (%)
(ppm)

Methomyl WP 45 293
Bifenthrin WP 2 10
Pymetrozine WG 25 84
Flonicamid WG 10 34
Imidacloprid WP 10 50
Thiamethoxam WG 10 50
Acetamiprid WP 8 40
Thiacloprid SC 10 50
Clothianidin SC 8 40

Dinotefuran WG 20 100
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Table 2. Primers used in this study

Name Sequence

For acel amplification

GGTGGTGGATGGCGCTTTTCTTG
CTGGGTCATTTGGGCTGAACCAATC
GCCCAATTGACCGTTGGGACAAT
CCGTGCATCACCCCTGTCCATTT

Mpacel pm-F
Mpacel pm-R
Mpacel pm-F1
Mpacel pm-R1

For para amplification
MpparaM-L m-F ~ CGGGTTACCAAGGACTGTCCGTAT
Mppara-F CCCGGTGGAACTTCACCGATT
Mppara-R GCCGTAGGCACCGATAAATTC

For nAChR betal amplification
MpnAChHR betal-F  GGCCGTGTTCTTCGTCTGTTCA
MpnAChHR betal-R  CCCAAGTTCCGGATTTCCAGTAGT

PH 7.8 S5 500 kS W31 &3 o4 2 84471% ol %
Sfo] 232 F °F 10,000 g2 4T o4 20482 Q412 3}
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Table 3. Toxicities of 10 insecticides to field-collected populations of Myzus persicae

. Mortality (+£SD)
Insecticide Year - -
Hongcheon Pyeongchang Bongwha Muju Jeju
2011 90.0£17.3 82.6+6.5 86.7+5.8 53.3+15.3 85.9+17.2
Methomyl (WP) 2010 90.0+0 96.7+5.8 76.7£11.5 61.2+20.1 86.7+5.8
2009 17.8+£16.8 6.7£11.5 33.3£11.6 33.3+5.8 50.0+10
2011 6.4£5.5 10.0£17.3 8.3+15.3 6.7£5.8 2.0+£3.4
Bifenthrin (WP) 2010 10.0+10.0 79.2+12.1 10.0£10.0 2.7+4.8 83.3+15.3
2009 3.3+5.8 6.7£11.5 6.7+11.5 3.3+5.8 30.0+£17.3
2011 11.7£12.6 23.3+11.5 26.7£11.5 36.7+28.9 19.4+33.7
Pymetrozine (WG) 2010 71.5+24.8 66.7£15.3 56.7+£22.9 49.6+19.4 26.7£11.5
2009 23.8+5.8 90.0+10.0 86.7+5.8 40.0+£26.5 46.7£15.3
2011 33.3£15.3 46.7£25.2 56.74£25.2 18.2+10.7 16.7£15.3
Flonicamid (WG) 2010 33.3+15.3 46.7£25.2 56.7+£25.2 18.2+10.7 16.7£15.3
2009 24.1+£5.3 56.7+11.5 86.7+5.8 20.0+10.0 33.3+£25.2
2011 90.0+£17.3 66.7+35.1 86.7+5.8 96.7+5.8 93.0+6.7
Imidacloprid (WP) 2010 96.7+5.8 86.7+15.3 97.9+3.6 73.5+9.7 86.7+5.8
2009 59.5+18.9 96.7+5.8 96.7+5.8 60.0+£17.3 73.3+11.5
) 2011 67.4£19.9 92.6+12.8 80.0+10.0 93.3£11.5 61.7£12.6
Thla“iffg"xam 2010 90.0+10.0 100.0+0 90.0+10.0 81.0412.9 80.0 £10.0
WO 2009 93.3+5.8 93.3+5.5 93.3+5.8 80.0+20.0 80.0+£26.5
2011 83.6+4.7 96.7+5.8 86.7£11.5 96.7+5.8 56.1+£3.4
Acetamiprid (WP) 2010 100.0+0 93.3+5.8 90.0£10.0 92.1+7.7 86.7+11.5
2009 90.0+10.0 93.3+11.5 96.7+5.8 96.7+5.8 93.3+5.8
2011 86.7+5.8 100.0+0 83.3+5.8 100.0+0 86.2+8.1
Thiacloprid (SC) 2010 90.0+10.0 90.949.1 100.0+0 91.7+14.4 83.3+5.8
2009 100.0+0 80.0+26.5 100.0+0 90.0+10.0 86.7+15.3
2011 82.8+16.7 80.0£10 66.7+5.8 93.3+5.8 67.9+10.7
Clothianidin (SC) 2010 100.0+0 90.0+17.3 93.3+5.8 69.7+21.0 66.7+5.8
2009 93.3£11.5 73.3+5.8 93.5£11.5 93.3+5.8 80.0+10.0
Dinotefuran (WG) 2011 46.7+£32.1 83.3+15.3 16.7+£15.3 70.0£10.0 23.94£5.3
2010 76.7£11.5 83.3+£5.8 73.3+5.8 76.7+5.8 100.0+0
ofop gk Aotk E3h A9 Z|Altoll A FEsHA ZElE AR 7F 238kl Q0 para®] - w2 A S Hideol= =
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Table 4. Summary of toxicities of to susceptible (S) and
multi-resistant (MR) strains of Myzus persicae

Insecticide ~ Strain  LCso(ppm) 95%CL” RR"
. . S 0.09 0.05-0.17 -
Bifenthrin
MR 311.49  239.27-375.57 3,461
S 2.11 1.18-3.64 -
Methomyl
MR 769.35  569.56-971.34 365
. . S 0.11 0.06-0.22) -
Imidacloprid
MR 28.84 17.21-45.57 262
L S 0.10 0.02-0.24 -
Flonicamid
MR 32.98 20.04-48.35 330
. S 0.36 0.16-0.70 -
Pymetrozine
MR 122.95 89.90-151.00 342

dConfidence limit.
PlResistance ratio: LC50 value of multi-resistant (MR) / LC50 value
of susceptible (S) strain.
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Fig. 1. Sequencing chromatograms of the point mutation sites at ace type acetylcholinesterase (ace, A), para type sodium channel (para,
B, C) and nicotinic acetylcholine receptor beta1 subunit (nAChR, D) from Myzus persicae. The point mutation site is indicated with arrows.
Local populations of M. persicaewere collected at Hongcheon, Pyeongchang, Bongwha, Muju and Jeju region in Korea from 2009 to 2011.

Selection of insecticide resistance marker in field aphids 153



SEIYE A o] Wol WaE AE 2eIskIti(Choi
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&3 47119] 71387 Atol= AL glSlTt (Fig. 2). AREREa
-NA, NP, NB, NV 47]|¢9] 7|2-& ZAlEo] ZhzF 1~-47)| 2 ZA}
&o] AojA45 o 2EYo| =27t 7R = 7] o H A EAL
£ Zo|of t2 E3ll-5 2o & & 4= glthBarron and Bernsohn,
1968). U =mollA= 57 o Ego]= T Ao vt
Ae A ddo wd 7o & 47| %E SH3L O (Field et
al., 1999; Field et al., 1996), ka7l o]a] 9] 2 Qo] A=
54 450 T AR oA e ol 21
A= oot AFAol thsto] A Holi= MROJA &
ojdo g WFEl= §HXZ 2F1A} suppression subtractive
hybridization ¥ 22 c¢DNA libraryE Q50| A3 Au}
cDNA library 5 480715 H-445}0] 213,867 bpo] G714 EES
Aok Fagt AHE 92 A2 154712 o AEglo]|= 5 2
ez AFA A7 o] - AHE T ok 2} ABC transporter
5O A= &5 oL, cDNA library W 75 &5 7]
oz Jrtaiele o, dAge] Aozt w9 e Ao

B
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Fig. 2. Molecular forms of Myzus persicae general esterase identified by using native isoelectric focusing (IEF) (A, C) or native PAGE (B).
Identical amounts (10 mg) of all strain samples from M. persicae were focused for 60 min at 100 V, 60 min at 200 V, and 30 min at 500V (A,
C), or run for 90 min at 120V (B) in a cold chamber. Following the electrophoresis, the gels were stained with T mM alpha naphthyl-acetate
(a-NA), alpha naphthyl-butyrate (a-NB), 1 mM alpha naphthyl-propionate (a-NP), or 1 mM alpha naphthyl-valerate (a-NV) as substrates, to
visualize the activity of esterase isozymes. 1, Susceptible strain; 2, multi-resistant strain; 3, Hongcheon strain; 4, Pyeongchang strain; 5,

Bongwha strain; 6, Muju strain; 7, Jeju strain.

154  Korean J. Appl. Entomol. 53(2): 149~156



S Qe k). o2fgh aflE B fAAte] WaERks
7l AS dHste Aee cliEo|= o=
P450 5-2] §-AA}7} Q)7 ]+= 3} (Bass et al., 2011a; Karunker et
al., 2008; Puinean et al., 2010), oA E]g|0] 29} Zro] Hagslr}
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