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Abstract

Fast and precise detection of infected potato plants is an essential practice in the seed potato certification system. Spectral
fingerprinting as non-destructive and rapid method is going to be developed for discriminating plants with different stress
such as disease. In this research virus infections of experimental plants (that infected with both PVY and PLRV viruses)
were analyzed by spectral data without any destruction. Spectral data were collected from 32 plants (16 infected plants
and 16 healthy plants) that were found to be infected or healthy using the ELISA and RT-PCR test. Some pretreatment
methods of spectral data such as multiplicative scatter correction were used to remove noise. Soft independent modeling
of class analogy (SIMCA) based on PCA analysis predicted the disease with high detection accuracy. The results showed,
none of the samples belonged to the wrong group or to two groups simultaneously. The wavelengths in three ranges of 910-
863 nm (near-infrared ), 725-704 nm (red edge) and 580-530 nm (green), had the greatest contribution to the complete
differentiation of infected and healthy plants and development of models respectively.
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Table 1- List of primers used for RT-PCR analysis
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Primer name Primer Sequence Product Size (bp) Position of primer on Reference
the genome
PVYF 5" ATACTCGRGCAACTCAATCACA 3 8817-8838
166 Du et al., 2006
PVYR 5" CCATCCATCATAACCCAAACTC 3’ 8961-8982
Y3S 5 ACGTCCAAAATGAGAATGCC 3’ 8721-8740
480 Singh et al., 1996
Y4A 5TGGTGTTCGTGATGTGACT 3 9181-9200
18S rRNAF 5" GAGAAACGGCTACCACATCCA ¥ 399-419
255 Du et al., 2006
18S rRNAR 5 CGTGCCATCCCAAAGTCCAAC 3’ 633-653

1)



Ve Sl /Y les /Ny e/ Ol s 65l 5 psle a0

A el WL oS 53,1

SsboT Juboxi 9 4 x5
Sy g a1l ik Slaesls (G LT o 5 4 2
Loesb N ee BFre azals jslaesls S g5, JulS
et =2 el Unscramble 10.5 51530 5 5l eslinl
oo bpss 5 sl Gria Sleslial b b slaesls Hles
dmean normalization

Savitzky Goley

s> 4 multiplicative scatter correction (MSC)
s (common offset) Jgane 5 (FUll) JolS" o550
sbad 3o Jdow e ol Baseline correction
3, » (Principle Component Analysis, PCA) Lo
b slaesls 5 (Hlas i 0540) adsl sl osls
A 3 i dole s 5 A plawl ol s s iy
&l » SIMCA iy aib Sy, 5l ad Olssl Ay,
50597 (slak gas b glaosls (gioy S 5 Jko drm s

(Sirisomboon et al., 2009) i o3l VJL.N

oz g b

Seal o S8 Ik o8, e 0340T OLLS
DL PLRV 9 PVY u"'}_lf.) 4: o.>‘9sT L;l.hau\ﬁ ‘)‘ J—»AL>

) JSK8) s it 5 2S5 b sl s allS

oDl 6 B Gl s 5 24T 25

929 3T (A LS 9ELISA gasl
(o b Olo) 9o
TAS-ELISA 5037 5l eslizl b _mtwCin 51 JS
aia PLRV 5PVY g5 93 4 0E ST
250 G i b Sl ey S 5 i 8
ggMg,.u.\,:\,\?rm,uﬁegfduuﬁ;tdgj,l
3550 i b Olej 53 (g9 (ST (oS o
S >4T (Clark and Adams,1977) s & 515 b3,
Ol F1 5 i s 5 g2 53 (S S50 43 (5 25
350 fo Slagse dsb Ok ) 5o ST

258 E g

b SBodls (59T xex>
030zl b s &l g iy 51 s ole &S5 il (glaesls

AvaSpec-3648 Fiber Optic e s 5 Sl oK
25935 Oidla gy 9 & 9 &hyls (da gu.v.:SbT)
Calibes sLacS 51 gl YooV Ve o g dals s
& 53 GRSl s Sl 03T 5 e OLS s
& s Jail ek ja s Sl 5L Y0 (Sl
laosls Cils 5l |3 o ..\i:; J—el> éfj.
gl ba oy sk beS WL s o
Slads S 50 5 (ks ¢ alyT) sl w &S, s
ol ds o, 8 i cao il L;ali_:..ll.aﬂ'

V9 50387 oLE (gl JLSS N 3 1mee ysb 0 L5

c:}ﬂ—‘shc.& A:‘PC.‘&S&JE)‘PLRV5PVY w}ﬂ)}:ﬂ\a’a:}ﬁb\.&gﬁf&?—\ Jg,&
Fig. 1- Multiplication of PVY infected plants via culture of tuber sprouts.

ay



Vo Sl /Y les /N e/ 0l T s 655l 5 p ke 4 40

2 s S ST s pe 5 e s
b s 5l ole adsl slaas 5148 dals OlalS

Qb&.«.& E) d\:-vl-«p

ELISA 5 RT-PCR oty LT gulss ol

ST L Sl rsns 93 » a e dT slaasy
I 50 a0 sasT (Y JS8) &b 8 15 osliul 54

NC + PLRV

PVY syt d 28 # PVY ¢RT-PCR jlostizal b (b3 5,50 0blE 3PLRV 3PVY jns SagT bs,-Y JSa
Ao bp Skl e Iz NC (v AP WWPLRV s 5 i J x5 #PLRV «(FA-DP wiL)
. positive control of +Fig. 2- Detection of PVY and PLRYV infection on experimental plants by RT-PCR. PVY
: positive control of PLRV infection (208 bp); NC: negative control; L: +PVY infection (480 bp); PLRV
molecular marker (100 bp).

Sebi g i 3y50 ol y5 ols ib glaasl i
b e 0lias ¥ S s (Gazala et al., 2013)
ab 55 AL Oln e o s S 4T clale 21530
RS S T 5 Vol s or G e i
(b 05355 sl P8 Zeliba s o9 0
Colg yo s (Grishama et al., 2010) &l ydn g S
551 ¢ (Rahoutei et al., 2000) 555 o i g
Sl (o sma 3 3o R Jles b AEL
VeroYe) 5o 5 0asle S0 54U s (bS50
(Krezhova et al., 2010) ol,LSaa 5 155,5 (e U
S o Sl B 53 sp Sl Sl ke ST,
b rsns 4ol SKpam £ 8, 5o slacsl
534l S i 4 53 o B3 S e
Sl Ll s 5 SLa S 2T La0T s 5l il
SHIP L ST L a8 s e (S5 5 s
oS AL D ¢ sk ool 53 oS 5 (o L

(Chaerle et al., 2007) & 35 oo ol ab opl 551,

Ay

b ety (Kl jloaT Cws 4 b s

slacble L) o5 T L;Lndfjf Sdale LgLA)IJgS BE)
b e oo 0L ol 5 g b gl s (S5 JT &l
7 ol 5 oS Al e s bl i
o a8 GrasliFrraVer) S amli 53555 o
s e OLis 03 T gla éfﬁg‘;ﬁddhfﬁu)'l{
33 Zlaal o Ol 0313 QLSS pimes L Soligions
dle 58T gladsls &85, SRl L Joe 4l
5 48 sh e e WA 55,8 5 il 5T ¢ 85 1S
Sl b a4 ol s 1y UL tals o7
L gos sl OWLE 5 (Krezhova et al., 2010) 5 s
AL S 65 SIS g Ly 65 gaasd
Ol 45148 sladls K, el s aaS sy b
o sl a6 s Loyt S 4l s SRS
sl Solen a3 @y 53 Al o GBI 35S
Sl ol ot bl 5 e b AN
Sk b5 AL e e Ol S6 o

sl Eebodd S50 sl 5358 (o Jool (ALE



Ve Sl /Y les /Ny e/ Ol s 65l 5 psle a0

Reflectance

300

o i S Ll 4l 9 ST L5

Optical density
Sop el &

— (.38 Infected 1 ) o351

0.27 Infected2 ¥ o3,
— (.70 Infected 3 Y o3
— (0,01 Control Jds

800 900 1000 1100

wavelength

4 g 5 3 e b glast) ol olS Lt lie 53 g (ST Calibn (sl Sl 55 Lk o35 (n§ o 03T olS il 2L Y IS
VYV Dl oS (ST 5 WA Gl Ole b o gt (S 0T 0V Ol 050 b33 (Sa T il b pladisad (i (2050 Sl o 5
(@‘ELISA u}.A)T)b V.H.w e\.:?ﬁb‘bfja L,;»T‘Ia}}

Fig. 3- Spectral reflectance of infected potato plant (Banba cultivars) in different virus concentration in
comparison with healthy plant. (Violet, red and yellow line belong to spectral reflectance of infected plants
that detected by ELISA with high (OD: 0.7), medium (OD: 0.38) and low (OD: 0.27) infection, respectively

and blue line belong to healthy plant
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Fig. 6- Discriminative power of individual wavelengths of the spectra in SIMCA model. Highest
discriminating power are in three different regions that indicated with red arrows.
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