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Abstract Diamondback moth (DBM) belongs to Lepidoptera (Order), Plutellidae(Family), Plutella (Genus), its binomial name is
Plutella xylostella (L.) , which is deemed to be a basal and primitive lepidopteran insect as well as a high heterozygous insect.
Diamondback moth has 31 chromosomes (n = 31) and its genome size is about 343Mb, containing 18,071 protein-coding genes and
781 non-coding RNAs, with 33.97% of the genome made up of repetitive sequence. Diamondback moth has 1412 P. xylostella -
unique genes. There are abundant DNA variations in genome such as SNPs, InDels, structural variations and complex segmental
duplication patterns. Diamondback moth diverged about 124 million years ago from two other lepidopterans B. mori and D.
plexippus. DMB adapts to a variety of environmental challenges, The abilities of these adaptations are closely related to a set of
genes preferentially expressed at the larval stage that contribute to odorant chemoreception, food digestion and metabolic
detoxification, particularly, in the long-term evolutionary DBM is evolved a biological detoxification pathway, developing the ability
to detoxify many chemicals and Bt toxins, thus making it a notorious lepidopteran pests.

Keywords Diamondback moth (DBM); Plutella xylostella (L.); Genome; Molecular variation; Molecular evolution; Molecular

adaptation
/N SR JE T % 3 H (Lepidoptera) 3¢ B BF /NS PR HE IR B R ) TR o — R A R
(Plutellidae) & , 2% 444 Plutella xylostella (L.); W, L1 WP S R, XL K R B INE—

YRS E#: 2013 452 A 05 EBEHT LR A RO ABREMB LN
FEZHM: 2013452 H 28 H Diamondback moth (DBM) (Ankersmit et al. 1953).

KEHM: 201343 428 H
Copyright © 2013 5" Publisher 1



RIS TRV UML), 2013 4R, 5 2 &, & 14 1
Kunchong Fenzi Shengwuxue Yanjiu (Online), 2013, Vol.2, 1-4
http://imbr.biopublisher.cn

A

NI L AERHEY A B R B, BT O
B+ FAERME A R BOKME R f& 3, DS AL 2
RV R AR DT A2 v, o B R b iR
5l NIFIE R Ak 5 B 2 —(Talekar N.S., & Shelton
A.M., 1993; Furlong et al., 2012)

B IR AR P AR R G R, 7E 4 FKF B
B 5 /NS gk A ) 2 e 1 R LR R, AR SR R
L TR o T DL T IE N TS T
i 1R (Xie, 2013).

1 /MR R A

NSRRI K /NZ) D 343 Mb, TR A
18,071 NEHMIBEA, 781 MESwIS RNA, FEX
HrhF 33.97%HE K 7520 Hi(You et al., 2013). /N
IRARA 1,412 NMRPA LR, XEREE R RS S
HIREE BAEE . PR G HIBUEE . kb
KRR G A A SR AR R AR F R AR
(You et al., 2013).

2 /NIEMRE S FastE

NI A S EERE, A 31 &G Ak (n=31),
TEEFEE I SNP. fAGVE ., S B R U LEA
B EE % DNA Z 7 (K 1)(You et al., 2013) . Baxter
et al FIFH N —1X RAD Wl FH AWM G 1 /g%
B (Baxter et al., 2011B). 4 3,177 MEER IS L
) RAD HJE 3 31 MYLfk |-, 13R85 e k2
PUEA W/Z VEGetatR; IR B [BISCSOA ) 2,878 A
G B IR S5 A 5 DR R RS T 1292 oMK gk K] 20 3 B
Kl ( 2). [F4E, Baxter MRIE | —/MEFZE T
(ABCC2)ff JE DA R it i o, 31X A5k (] Jae 425 i 36 R
Mg H B HRE CrylAc BFEADME, WX E
HE Bt Dhe b4 L8 1 /F H (Baxter et al.,
2011A).

3 /NSRRI Tk

NSRBI T . W] R,
H. KAl RikjE—MRE, PNRRAE 124
TEDAT S e A SEEE Bd, K& (B.mori)
B REBEE (D. plexippus) T34k k. L
HRBERNAGEWERR KB FHEL /DN R IRE
T H B — ARG 2E8 (You et al., 2013).
R G0k Aoy B N B HUH 1 4 Ak B TR K M AR

265~332 FELAHT, X5 B XS A A A ]
R 304 JIAEDARTA —2, UESE T BHUT N S1E A
WA AE LA o G A B P OR TR
caricaceae MU H SRS (54~90 J3HELART), /NEK
B+ e RHEY) L R

1 M FE/NSE, (P xylostella) FRFFISERIZHAE (% H : You
etal., 2013)

T AN 5 B R 100 Kb B R B FE ) 2 R [N
H; REMARIRBIEBEFY Scaffolds ABEHLINF 44 7= 28
AN GEOARRIHR > P81, SRR FoRIX e Scaffolds ANfE
BARIR(Un); B B BIFA R KT 8kb B B A, 4%
AR IE G BOREI AL B 100%AHBLE 1 Fr Be R AT 4L
ORI, KT Q0% AL 4 v B A i 3o AR &I U 73531
TR Z S TE(SNPs) TR (L0 0, AR PASAE 30 kb
H150 kb Y6 [ A A48 AR SR (Indels) (PR 4k €, A [E)

Figure 1 Genomic variations within the sequenced P. xylostella
strain (Adopted from You et al. 2013)

Note: The outermost circle shows the reference genome
assembly with a 100-kb unit scale. Scaffolds that could be
assigned to linkage groups are joined in arbitrary order to
generate the partial sequences of 28 chromosomes.The green
segment represents the scaffolds that were unable to be
assigned (Un). The innermost circle denotes segmental
duplications (of>8 kb), with connections shown between
segment origins and duplication locations. Segmental
duplication pairs with 100% similarity are shown in red, and
those with >90% similarity are shown in blue. Histograms
indicate the number of SNPs (red, outer circle) and indels (light

green, inner circle) in 30-kb and 50-kb windows, respectively
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Figure 2 Linkage map of the Plutella xylostella (n = 31) genome (Adopted from Baxter et al., 2011B)

Note: This was inferred from 2,878 RAD alleles collapsed into 285 discrete RAD markers. Each linkage group contains between 10 and 158 RAD alleles
(labelled RADs) and the total map length is 1,292 ¢M. Each RAD marker is labelled with three numbers (i_ii_iii) corresponding to (i) the RAD marker (1-285),
(ii) the chromosome number (1-31) and (iii) the number of RAD alleles at that marker. Linkage groups 1-28 are homologous to the B. mori (n = 28)
chromosome numbering system, and LG29, LG30 and LG31 represent fusions to chromosomes 11, 23 and 24 respectively in B. mori. Dashed lines represent
manual linkages inferred from 3, 4 or 5 genotype differences that were otherwise left ungrouped due to small sample size. As 20 progeny were used to construct
the map, distances were approximated as 5 cM (1/20) per 1 crossing-over (c/0) event. On chromosomes 14, 16 and 22, markers formed two distinct groups and
may be separated by regions of high recombination rates or chromosomal assignment error. In total, 11 of the 285 RAD markers could not be confidently
assigned to their predicted chromosome. Linkage group 28 contained only four RAD markers at a single locus. Six additional markers were identified for this
chromosome using JoinMap 3.0, from the remaining paternal markers not assigned to linkage groups






RIS T TN, 2013 4F, 5 2 &, 5 1470
Kunchong Fenzi Shengwuxue Yanjiu (Online), 2013, Vol.2, 1-4
http://imbr.biopublisher.cn

4 /NSRRI s N

NSRRI AR T RO . 1854 A IRAE
Illinois & M, 1883 #F & 4L F| Florida 1 Rocky
Mountains, 1905 “1E British Columbia A #i&,
SAERIRA A MHE KN AR ER LT XA R
H(Furlong et al., 2012). 4R, DMB &N T & FIF
BEIBRAR, 1P AR SRR IR 1 N 5 /N SR LE 4
M BURIFRIEFER, RIGREREZ . SYHL
AR 75 AU AH DG 1) 5 R i A s (%) 52 2% ik [R) ) 4% %
YIH R

HIE 1950 FEARHIGE T /N2 B A 1 DDT (1)
At J1(Ankersmit et al., 1953); 1990 EARRIE T /N3
IR Bt B K [MHE /I (Heckel et al., 1999, Tabashnik et
al.,, 1999). 124, /NI LFReXS B Rl 2R AR 2
PRI, X BTN R KL S AR R
BAEVIRRRENEE, R/ IA R 2 05
Y EARTERES) (You et al., 2013), MIiMi{EH A
— AN B4 HE R T
S HR
Ankersmit GW.,, 1953,

maculipennis (Curt.) (Lep.) in Java. Bull. Entomol. Res.,
44: 421-425

DDT-resistance in  Plutella

Baxter Simon W., Francisco R. Badenes-Pérez, Anna Morrison,
Heiko Vogel, Neil Crickmore, Wendy Kain, Ping Wang,
David G. Heckel, and Chris D. Jiggins, 2011A, Parallel
evolution of Bacillus thuringiensis toxin resistance in
Lepidoptera, Genetics 189: 675-679

Baxter S.W., Davey J.W., Johnston J.S., Shelton A.M., Heckel
D.G, Jiggins C.D., and Blaxter M.L., 2011B, Linkage
Mapping and  Comparative ~ Genomics  Using

Next-Generation RAD Sequencing of a Non-Model

Organism, PLoS ONE 6(4): e19315

doi:10.1371/journal.pone.0019315

Furlong M.J., Wright D.J.,, and Dosdall L.M., 2012,
Diamondback moth ecology and management: problems,
progress, and prospects, Annu. Rev. Entomol. published
online; doi:10.1146/annurev-ento-120811-153605

Heckel D.G,, Gahan L.J., Liu Y.B., and Tabashnik B.E., 1999,
Genetic mapping of resistance to Bacillus thuringiensis
toxins in diamondback moth using biphasic linkage
analysis, Proc. Natl. Acad. Sci. USA, 96: 8373-8377

Tabashnik B.E.,, Huang F., Ghimire M.N., Leonard B.R.,
Siegfried B.D., Rangasamy M., Yang Y., Wu Y., Gahan
L.J., Heckel D.G, Bravo A., and Soberon M., 2011,
Efficacy of genetically modified Bt toxins against insects
with different genetic mechanisms of resistance, Nat.
Biotechnol., 29, 1128-1131

Talekar N.S., and Shelton A.M., 1993, Biology, ecology, and
management of the diamondback moth, Annu. Rev.
Entomol., 38: 275-301

Xie S., 2013, The Genome of Diamondback Moth Sequenced, a
Model Pest in Lepidoptera, Jiyinzuxue Yu Shengwu Jishu
(online) Vol.2 No.1 pp.1-2 (doi: 10.5376/gb.cn.2013.02.0001)

(Xie S., 2013, i H AR 3T /NG N A8,
41 2% 5 £ W) $ K (online) Vol.2 No.l pp.1-2 (doi:
10.5376/gb.cn.2013.02.0001))

You M.S., Yue Z., He W.Y., Yang X.H., Yang G, Xie M., Zhan
D.L., Baxter S.W., Vasseur L., Gurr GM., Douglas C.J.,
Bai J.L., Wang P., Cui K., Huang S.G,, Li X.C., Zhou Q.,
Wu Z.Y., Chen Q.L., Liu C.H., Wang B., Li X.J., Xu X.F.,
Lu C.X., Hu M., Davey J.W., Smith S.M., Chen M.S., Xia
X.F., Tang W.Q., Ke E.S., Zheng D.D., Hu Y.L., Song F.Q.,
You Y.C., Ma X.L., Peng L., Zheng Y.K., Liang Y., Chen
Y.Q., Yu LY., Zhang Y.N., Liu Y.Y,, Li GQ., Fang L., Li
J.X., Zhou X., Luo Y.D., Gou C.Y., Wang J.Y., Wang J.,
Yang H.M., and Wang J., 2013, A heterozygous moth
genome  provides

insights into  herbivory and

detoxification, Nature Genetics, doi:10.1038/ng.2524



