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Optimizing COI Barcoding for molecular detection of hidden insect infestation in rice grains

GRICE: a staple food

Portugal: 17kg/person/year

Yearly Rice Consumption
Per Capita (kg)
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Source: FAOStat via Helgilibrary
Created with MapChart
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WH AT'S B U G G IN G YO U ? RIC\_ QV veterinrio, 1°

Sitophilus spp. cereal life cycle + 28 DAYS

AW TTEENEE ‘
Favourable temperatures: \ '
25t0 30 °C
High relative humidity:
i

70 to 80%
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WHAT'S BUGGING YOU?

ISO 6339-4:1987 - Cereals and Pulses—Determination of Hidden Insect Infestation

Instituto Nacional de
Investigacao Rgréaria e
iOV Veterinario, LR

 DETERMINATION OF CO2
PRODUCTION METHOD

« NINHYDRIN METHOD

NEGATIVE POSITIVE
TEST TEST
Free a-amino Free a-amino

group not present group present

+ X-RAY METHOD

ACOUSTIC METHOD

FLOTATION METHOD 4

Instar 4 PrePupa Pupa Adult  Vacant Uninfested
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ARE MORE IMPORTANT TO DETECT ?

0132\ Sitophilus oryzae [GU196317]
_4100 Sitophilus oryzae [GU196318]
__tmm = e Sitophilus oryzae [AY131099)
Sitophilus zeamais ————— Sitophilus zeamais [AY131100]
_29_[ Sitophilus grananus [AY131101]
0.981 Sjtophilus granarius [DQ453486)
Rhynchophorus palmarum [AY131121]

P
0.2

Toju et al., Nature, 2013

1mm

Sitophilus oryzae 5
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PRIMERS AND PROBES DESIGN

Compilation of DNA
sequences from GenBank®

S. oryzae and 5. zeamais mtDNA

Cytochrome oxidase subunit 1 211 COI sequences of SO
COl B cocorsom

Ficheiro Editar

SDAMHK cytochrome ¢ oxidase subunit I

TCCTTAAGTTTGCTAAT CAGAACTAG

National Center for Biotechnology Information

m National Library of Medicine

G TGGATCACTAATTGGAAATGACCAAAT TTATAATACTATTGTCACAGCACATGCATTCATTAT 40 COI f SZ
AATTTTCTTTATAGTAATACCAATTATAATTGGAGGATTTGGAAACTGATTAATCCCATTAATATTAGGA Seq uences o
Nucleotide [Nucleatice v AGATA ATATAAGATTTTGATTACTTCCACCCTCCTTAACTCTTT
Py A ATGAACCGTCTACCCC ATCCAA
TATTGCCCATGAAGGAGCTTCTGT TGATCTGGCCATTTTCAGTTTACATATAGCAGGAATTTCATCTATT
—_— AGCTATTAATTTTATTACAACAGCCTATAATATACGACCC TCAGGAATATTATCTGAACGAATAA
ol ¢ CACTGCTATTCTCCTCCTCTTTAGAT TACCTGTATTAGCAGGAGC
GAMATATT! TTTTTTGAT! CCGGAGGAGGAGACCCA YOUERED nrome
Sitophilus oryzae mitochondrion, complete genome
NCB! Re 2 Sequence NC_030765.1
GenBark  Graphics
YNC_838765 388-2870 Sitophilus oryzae mitochondricn, complete genome e
ATTTATCRLTTAATC TCAGCCATTTTALCOAATAAATEATTATTCTCTACTAACCACAARGATATCGEAA ATATAGCAGGTATTY
CATTATACTTTATT T TTGGAACATGATCAGGAATAGTAGGTACATCCTTAAGTTTGC TTCGGGCAGA 7 , ATAC ( TATATTATCAC
ACTAGGAAATCCTGGATCACTAATTGGAAATGACCAMT TTATAATACTATTGTCACAGCACATGCATTC - N - . C TTACCTGTTT
AT AT AATTTT T T TATAGT AATACCAATTATAAT TGEAGGATTTGGAAACTGATTAATCCCATTAATAT
TAGGAGCCCCAGATATAGCATTCCLCCGTTTAAATAATA TTTTGATTACTTCCACCOTCCTTAAL

TCTTTTACTRATARGAAGATTTATT GRAAAGGOAGCAGGAACAGGAT BAACCGTCTACCCOCCOOTOTCA
TCCAATATTGCCCATRAAGEAGCTTCTGTTGATCTRECCATTTTCAGTTTACATATAGLAGGRATTTCAT
CTATTCTAGGAGCTATTAATTTTAT TACAACAGCCTATAATATACGACCCTCAGGAATATTATCTGAACG
AATAACCCTATTTAT TTGAGCAGTARGAATCACTGCTAT TCTCCTCCTCTTTAGATTACCTGTATTAGCA
GEAGCAATCACTATACTTCT TACTGAT COAAATAT TAATACTTCCTTTT T TGATCCTGCCGRAGGAGANG
ACCCAATTCTCTATCAACATTTATT TTGAT TTTTTGGTCACCCAGAAGT TTATATT TTAATTCTTCCAGG
ATTTGGAATAATCTCCCACATTATTAGATATOAMAGAGGALARLAAGARAL TTTCEEAGTTTTAGGTATA
GCAATTEGLTTAT TAGGATTCGTAGTATGAGL TCACCATATATT TACAGTAGGA
GAGCATATTTTACATCAGCTACTATAATTATTGUTGTTCCAACTGGAATTARAAT
CTTTAGATEATTAGCAACCTTTCATGEAGCACGAATTACATACT CACCCACGTCTCTATGATCCTTAGSE
TTTATTTTCCTCT T TACAAT TEEAGEAT TAACCEAAGTAGTTTTAGC TAAT TCATCAAT TGATATTATCT
TACAT GATACATATTATGTTGTAGCTCATTTTCATTATGT TCTTTCAATAGGAGCTETTTTTGCAATTAT
TGOAMGGATTTATTCACTGAT TTCCTCTATTTACTGACCT AAC TT TAAATALAARAT TTTTARAAACCCAL 6
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PRIMERS AND PROBES DESIGN

Instituto Nacional de
Investigagdo Agraria e
iQV  veterinario, 12

1ous
prime

Sequence alignment and primer&probes design

Alignment View  Distances Dotplot Text View Lineage Info

&« & Extract © RC. & Translate # Edit Annotation Z Allow Editing 2> Annotate & Predict [@ Save
@ Q

Annotations

1.750 1.762 1.770

YA G TARAI G G A1 G AN G W G AR T~ T T T maTea oow »
mn Name: RSZ

Type: Primer Bind (primer_bind) (Created by primer3)
Length: 23
Interval: 1,762 -> 1,740 (1,761 -> 1,739)
Gl9GC:47.8
Hairpin Tm: None
Self Dimer Tm: 11,7
Tm: 62.1
Sequence: AATCAACAGAGGCTCCTTCGTGT
Mismatch Positions: Az========Q===s====0G==T
Mismatches: 4
< # Local Off-target Sites: 0
Selected 23 columns from 1,762 to 1,740 (23 ungapped bases from 1,755 to 1,733) in RSZ (Primer Bind 5 of 6). Mous¢ Local Off-target: KX373615.1

Consensus
Identity

Ce 1. KX37361...
O+ 2, MT29413...
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IN SILICO SPECIFICITY

PRIMER BLAST

Instituto Nacional de
Investigagdo Agraria e
iQV veterinario, 12

m National Library of Medicine

National Center for Biotechnology Information

Primer-BLAST A tool for finding specific primers

Finding primers specific to your PCR template (using Primer3 and BLAST)

Primers for target on one templat Primers common for a group of sequences

Retrieve recent results  Publication  Tips for finding specific primers
PCR Template
Enter accession, gi, of FASTA sequence (= refseq record is praferred) @ =D Range @
F h(
Forwardpeimer ][]
® Reverseprimer | [
Or, upload FASTA file Escolher ficheiro | Nenhum ficheiro selecionado _ 5
& > C @ ncbinlmnihgoy/tooks/primer-blast/prmertool cilctg_time=16745622298G0b _key=5-05nWUKDWPBrgDIWOMc34 OPiaS vedw aEenr GBS
Primer Parameters FARIEES R -
Use my own forward primer 7]
(5'->3 on plus strand) [ I Coe) == Detalled primer report:
Use my own reverse primer (S | @ =D |

Primer pair 1

AGAINST INSECTS FROM COLEOPTERA ORDER e R B

Forward primer CITGACGTTTATTTTCGATGC 21 5328 3\10 400 zZ00
Reverse primer TGETTAATTTTGOCATCCC 19 5609 4737 400 100
Products on target templates

2 2 Sitophius oryzae 18S ribosomal RNA gene, partial sequence; interal transcribed spacer 1, complate sequence; 58S ribosomal RNA genes, partial sequence; internal transcribed
spacer 2, complete sequence; and 283 ribosamal RNA gene, partial sequence

praduct length = 25§
Forward primer 1 CTTGACGTTTATTITTICGATGC 21
Template AMB, 5 e e 1336

Reverse priner

TGGTTAATTTTGGCGTCCC 19
Template cersaiee .

1552

579

>AF276517 1 Sitophilus oryzae 1ES ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 5.88 ribosomal RNA gene, intemal transcribed spacer 2. and 28S ribosomal RNA gene,
complete sequence

product length = 255
Forward primer 1 CTTGACGTTTATTTTCGATGC 21
Template 4896 S 3dabiacasnonssnnsts 1216

Reverse primer 1
Tenplate 1450

32
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GENITALIA MORPHOLOGY - SELECTING POSITIVE CONTROLS

Swophilus zeamais %

Shophilus oryzae %

Sitophilus oryzae Sitophilus zeamais

Hong et al,, Journal of Asia-Pacific Biodiversity, 2018
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nzytech tissue gdna isolation kit

'

Grinding whole
insects in a mortar

4hlysis at 56 °C Purified DNA extract

10
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gPCR =l .

PROTOCOL OPTIMIZATION

BEST PRIMER ANNEALING TEMPERATURE

60 °C

PCR CONDITIONS:

INITIAL DENATURATION: 95 °C (5 min)
40 Cycles - denaturation 95 °C (5 s); annealing + extension 60 °C (30 s);

Total protocol time:35 min

11
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PRIMER EFFICIENCY

Instituto Nacional de
Investigagao Agraria e
iOV Veterinario, LR

Serial dilution of the sample:
AN A A - 107%EFFCENGY
. %~ FORSO

T I QO e e s s s i e o

Standard Curve Sitophilus oryzae
T T

110 1100 11000 110000 ; , : , \\® :
Original -x'.-x -1'.2 -xl.o -o'.s -ol.e -o|,4 0.2 o.lo
55.‘.':3.5!, Log Starting Quantity
1 O Standard X Unknown I
—— FAM E=106,7% R"2=0 983 Slope=-3,171 y-int=29 824
N . vy
20 \ ,
v : ~_0
g1t = 90% 115%
«1 116% EFFICIENCY
i IDEAL EFFICIENCY

-ll.6 -11.4 -ll.l -l|.0 -0[.8 -0‘.6 -OI.4 -01.2 010 RAN G E

Log Starting Quantity

O  Standard > Unknown
—— HEX  E=116,0% R"2=0,990 Slope=-2,989 y-int=16,519 12
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Designed primers specificity

=)

LL

o 10000- Ty i

p Sitophilus zeamais *
g 8000- Sitophilus oryzae =i

% 6000 Acheta domesticus \5@5 3
5 Tenebrio molitor &@®

(]

2 4000- Rhyzopertha dominica ‘&&&
> )

= 2000 Stegobium paniceum §
- :
'E Tribolium confusum e
% 0 e

2 0 10 20 30 40 50

Cycles

13
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EXPERIMENTAL LIMIT OF DETECTION
OF THE gPCR

Sitophilus oryzae LoD plot

Instituto Nacional de
.~ Investiga¢do Agraria e
iQV  veterinario, 12

T@ggéﬁ%

LoD=0,0025 ng of DNA per uL

Sitophilus zeamais LoD plot
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OF THE TECHNIQUE - RICE MATRIX

75% OF RICE SAMPLES
WERE POSITIVE AT LEAST FOR
ONE OF THE STUDIED SPECIES

Sitophilus spp. occurrence in supermarket

rice samples

Ultra-Turrax
Dispersing uncontaminated

21,42% rice + uH20

Artificial rice infestation:

from 1000 insects/rice kg A
to 0,0001 insects/kg /

NEGATIVE RICE SAMPLES

Gt

78,58%

DNA extraction using
= Sitophilus oryzae Sitophilus zeamais tissue gd:; isolation n\
\

15
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EXPERIMENTAL LIMIT OF DETECTION R|Cé

OF THE TECHNIQUE - RICE MATRIX

Sitophilus zeamais LoD plot

Amplification

250 +

OB ke v sonwramensssmonmizs engiin

150 1. LoD=0,1 inseéct per rice kg

o)
o
o ]

(7 2 EOR—

50 Lo

=
0 oer T T ——— e —
0 10

Sitophilus oryze LoD - on going
some associated limitations

16
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WHAT'S NEXT’?

 OPTIMIZATION OF METHODOLOGY DETECTION LIMIT
STUDY OF OTHER GRIDING ALTERNATIVES (BEAD MILLS, CRIOTECHNIQUES)

« EXTEND THE SPECIES IDENTIFICATION PANEL
ANOTHER PREVALENT SPECIES: RHYZOPERTHA DOMINICA, TRIBOLIUM SPP.

17



—

SN, (rvestigasso Rgriria s PRIMA THANKS TO MY WONDERFUL TEAM AT INIAV!

A AT 0N
TERRANEAN AREA

Qv Veterinario, LR

TS

Trac

R IC Inés Sousa
Dr. Carina Almeida Dr. Carla Brites Dr. Ricardo Oliveira (PhDstudent)

ocoskeE

EUROPEAN COOPERATION We acknowledge the funding from the
PSR COST Action 22140 Insect-IMP: Improved
Knowledge Transfer for Sustainable

Insect Breeding.
N

Y INSECT-IMP
&

PO And to the Scientific Committee for the
EAAP approval and recognition of our work to
6 : be presented at such an esteemed
European Federation
of Animal Science conference.

¥

Z
Ll
3
Ll
O
o
Ll
1
=
o
Z
e
O
<




THANK YOU FOR YOUR ATTENTION!

ANY QUESTION?




