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(57) Abstract: Methods for rapidly and accurately detecting genet-
ic material from hop latent viroid RNA (HLVd) that combines re-
verse transcription loop-mediated isothermal amplification (RT-LAMP)
technology with specific oligonucleotide primers, fluorophore-labeled
oligonucleotide primers, quencher-conjugated oligonucleotide primers,
pH buffers, and enzymes, are described. The methods include at least
one internal positive control targeting sequence, for minimizing false
positive and false negative results, thereby allowing more certain inter-
pretation of the results. The reaction can be performed at a single ele-
vated temperature, can be completed in 1-1.5 hours, and the results can
readily be interpreted by visually observing the fluorescence color of the
reaction using ultraviolet light, or by using an electronic image acquisi-
tion system for viewing fluorescence results from one or more reactions.
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ME?HQS FOR RAPIDLY AND ACCURATELY DETECTING
HOP LATENT VIROID RNA

BACKGROUND S
{GQG’E} Hop latent viroid (MLVY) I8 & pathogenic circular RNA that infeéts 'piams
including Cannabis plants. HLVd infects the plant systemically, can be asymptomatic unti
later in the plant iife oycle and can cause a huge loss in orop vield. Early defection of
infection can help save crops and resources and prevent infection spread by identifving
and removing infected plants,
(0002} HLVd can remain latent in a Cannabis plant for jong periods before exhibiting
signs such as irregular branching, decreased trichome production, chlorosis of the
leaves, and stunted development. Asymplomstic plants appear healthy, but are
actively transmitting the virold to the remainder of the crop.
{GQGB} This vircid spreads efficiently fram plart to plant through mécharﬁcai
transmission, which means that a contaminated plant must come into direct or iﬂdirect
contact with a healthy plant, or by pruning an infected plant and then pmn}ing an
uninfected plant with tools such as scissors, scalpels, shears, as exampiés, The
viroid can also be spread through water runoff and within the seeds of & diseased
mather plant.

_ SUMMARY .
100047 Embediménts of the present invention include a method for rapidly ana:fﬁ accurately
detecting target nucleic acid, having the following steps: (1) coliecting a sample of the
plant to be investigated; (2} transferring a small amount of the sample to an optically clear
reaction test tbe containing: (8) a reverse transcriptase (an enzyme used 1o gensrate
complementary  DNA {cDNA} from an RNA template);, (b) deoxyribonuciectide
triphosphates (dNTPs) (the building blocks of DNA, which lose two of phosphate igmup‘s
whan incorporated into DNA during replication), () a strand~di$piacemeni DINA
polymerase {an  enzyme that calalyzes the synthesis  of DNA from nucleoside
triphosphaies, by adding nuclectides to the (3)-end of 3 DNA strand, one nuclectide at a
time; (d) plant control nucieic acid RNA introduced as part of the sample wrstep (2) as g
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plant transcript; {e) oligonuclectide primers specifically contacting the target nucleic acid
sequences of either the pathogen nucleic acid or the plant control nuclsic acid: (B
flucrophore-conjugated oligonuclectide primers for specifically contacting the target
nuciaic acid sequences of either the pathogen nuclelc acid or the plant control gens
nuéieic acid; and (g} quencher-conjugated oligonuciectides specifically contacting the
fluorophore-conjugated cligonuclectide primers, the requisite materials for a reverse
Eransacripti@n lop-mediated isothermal amplification reaction {RTmLAMP) {it should be
mentioned that the reactions may be performed in optically clear microplates cant_ainéhg
a chosen number of individual wells.); (3} incubaling the reaction under conditions such
that cDNA synthesis and isothermal amplification takes piace, thereby gengrating DMNA
amplification products; (4} ocooling the resulling reaction pré}ducis under conditions
permissive  for - oligonuciectide hybridization thersby quenching unincorporated
fluosrophore-conjugated  oligonucleotide primers; (5} detecting speciﬁé signals for
incorporated fluorophore-conjugated oligonuciectide primers, wherein detection of one
fluorophore signal indicates the presence of the plant control nucleic acid and correct
functioning of the reaction, and detection of the other fluorophors signal indicates the
prasence of the pathogen nucleic acid; and (8) interpretating the results, wherein
detection of either or buth flucrophore signals indicales the presance of the iargai nuciaic
acids present in the sample, while failure fo detect the pathogen fiucrophore signal
indicates the absence of target nucleic acid in the sample, and fallure o detect any
flugrophore signal indicates that the reaction has failed. ’ ‘

BRIEF DESCRIPTION OF THE DRAWINGS
[0005] The accompanying drawings, which are incorporated in and form a part of the
specification, lustrate the embodiments of the present invention and, together with the
description, serve o explain the principles of the invention. In the drawingéi v
{0008] FIGURE 1 is a flow diagram of an embodiment of the present method. |
[0007] FIGURE 2A(1) illustrates the hybridization of the reverss cempEimen‘taw
saﬁueﬂce,’ for the HLVd Forward Internal Primer, FIB, eunjuga’iéﬁ at the 3 end to a dark
guencher, BHGZ, for the TexasRed fluorophore of SEQ 1D NO: 8, with the FIP primer
conjugated to the TexasRed flucrophore of SEQ 1D NO: 2, and FIG, 2A2) ilustrates the
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hybridization of the reverse complimentary sequence for the HLVd Forward En"temai
Primer, FIP, conjugated at the 3' end to & dark guencher, BHQZ, for the Texasﬁed
fiuorophore of SEGQ 1D NO: 8, with the FIP primer conjugated to the TexasRed fiuorophore
cn“ SEQ 1D NGO 2, showing the mismalch marked by the arrow, of an A (adening)
nucieotide bound {0 a G (guanine) nucisotide instead of 2 C {cylosine) nucleotide hound
to the G {guanine) nucleotide; while FIG. 2B(1) lustrates the hybridization of the réyarse
complimentary sequence for the Cannabis Forward Internal Primer, FIP, canjugaied 8t
the 3" end o a dark quencher, BHQ, for the FAM fluorophore of SEQ 1D NO: 16, with
the FIP prime:’ having SEQ 1D NO: 10 conjugated to the FAM fluorophore, and FiG. 2823
flustrates the hybridization of the reverse complimentary sequence for the Cannabis
Forward Internal Primer, FIP, conjugated at the 3" end 10 a dark quencher, BHQ1, for the
FAM fuorophore of SEQ ID NG 17, with the FIP primer having SEQ 1D NCE 10
conjugated to the FAM fluorophore, showing the mismatch marked by the arrow, of an A
{adenine) nucleotide bound to a C {cylosing) nucleotide instead of & G (guanine)
nuclectide bound to the © nuclectide.

{0008} FIGURE 3 is a schematic representation of an embodiment of the electionic
image acquisition system of the present invention for viewing flucrescence results from
ONe OF More reactions, h

[0008] FIGURE 4 shows algorithm for analyzing images taken by the camera showr in
FIG. 4 hereof, which captures an image of the reaction tube holder showing ﬁ@rescenc&
from the reaction tubes, |

BRIEF DESCRIPTION OF THE SEQUENGE LISTINGS _
(00101 SEQ D NO: 1 discloses the (B to 3} nucleic acid sequence for the HLVd Forwart
internal Primear, FIP. |
EGO”} 11 SEQ D NO: 2 discloses the {5 1o ') nucleic acid sequences for the HLVd Forward
internal Primer, FIP, conjugated o a flucraphore at the 5 and. _ ' , |
00127 SEQ'ED NGO 3 discloses the (5 t© 39 nucleic acid séquenée for tha HL\;’&
Backward Internal Primer, BIP.
{0013 SEQ D NO: 4 discloses the (5" to 3"} nucleic acid sequence for the HLVY Forward
External Primer, F3. :
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[0014] SEQ D NO: B discioses the (5 to 3} nucleic acid sequence fm’ the HL\!d
Backward External Frimer, B3. '

[0015] SEQID NO: 8 discloses the {5 to 3} nucleic acid sequeme for the HLVd Farwarci
Loop Primer, Loop F.

[0016] SEQ D NO: 7 discloses the (8 o 3" nucleic acid sequence for the HLVY
Backward Loap Primer, Loop B. ’ '
EGG??} SEQ 1D NO! 8 disclosas the (8 o 3) nucleic acid reverse mmpiimeméw
SEqUENCE for the HLVd Forward Internal Primer, FIP, conjugsted at the 3' end to'a dark
guencher for the flucrophore identified in SEQ 1D NO: 2. ‘
(0018] SEQ D NO: ¢ discloses an altermnate (8 1o 3) nucleic acid reverase cempiﬁmeﬁtafy
sequence for the HLVA Forward Internal Primer, FIP, conjugated at the 3 end to a dark
guencher for the fluorophore identified in SEQ 1D NG: 2.

[0015] SEQ ID NG 10 discloses the (5 to 3} nuclelc acid sequence for the Garmabm
Forward Internal Primer, FIP, conjugated to a fluorophore at the § end.

[0020] SEQ ID NO: 11 disclosss the (5 to 3) nucleic scid sequence for the Caﬁnabia
Backward Internal Primer, BIP. o
10021 SEQ D NO: 12 discloses the {5 to 3 nucleic acid sequence for the Cannabis
Forward Extemal Primer, F3. -
(00241 SEQ D NO: 1304 discloses the {5 10 3') nucleic acid sequence for the Camab:s
Backward External Primer, B3,

[G023] SEQ D NO: 14 discloses the (5 to 3') nuclele acid sequence for the Cannabis
Forward Loop Primer, Loop F. .
[a024] SEQ D NO: 15 discloses the (5 t0 3 nucleis ac.iici saguence for the Caﬁnab}s
Backward Loop Primer, Loop B, _ o
00257 SEQ 1D NGO 16 discloses a (8 to 3) nucleic acid reverse complimentary
sequence for the Cannabis Forward Infernal Primer, FIF, conjugated at the 3 end o a
dark quencher for the flucrophors identified in SEQ 1D NO: 10. PR _
[0026]  SEQ 1D NO! 17 discloses an additional (5" 1o 3% nucleic ac@dl re_veréa
complimentary sequence for the Cannabis Forward Internal Primer, FEP,F ﬁ@njugéted at
the 3" end o a dark guencher for the fluorophore identified in SEQ ID NO: 10,



- WO 2024/254412 PCT/US2024/032952

DETAILED DESCRIPTION
{GGZ?} itis desirable to have a process for detection of target gene‘izc materzaﬁ ihat uses
low- campiexaty, non-invasive biclogical sample collection tec;hmques thatis rapsd easy~
to-use, highly accurate, does not require specialized Eabcramry ecguepmeni‘ as mast
current viral/subviral molecular tests raly on expensive temperature-cyoling machines that
are not available in most settings, and that does not require significant specialized training
to collect a sample, perform the reaction, or inferpret the resulls. Embodiments of the
present mathod combine reverse franscription, lnop-mediated i&athermaiampiiﬁc&tim
(RT-LAMP)  technology  with  oligonuciectide orimers, ﬁum@ph@ré labeled
oligonucleotides, quencher technology, buffer components, enzymes, and enzyme ratios,
chosen to provide a high level of sensitivity and to minimize the faise pasatsva an{i false
negative results that often accompany the use of RT-LAMP. The prasent method
includes positive control targeting sequences, thereby allowing significant corfidence ;n
the interpretation of results, can be performed at a single elevated temperature, and can
be completed in 1-2 h. Further, the results of the reactions can readily be énférpréted by
observing the fluorescence color of the reaction using ultraviolet light,
[0028] Loop-mediated isothermal amplification, LAMP, technology has been used fo
detect pathogans, such as malaria and salmonslia, as examples. LAMP mérged with
revefse_ transcriptase, RT-LAMP, has been used to detect viral RNA in HIV and severéi
r‘és‘péramry RNA viruses, including SARS-CoV-2, Hairpin-forming LAMP pﬁmers first
invade the DNA template, which is then annealed and exiended as catalyzed by a strand-
dispiacing DNA polymerase. In the inttiation of amplification, the annealed primers are
used to prime the action of a strand displacement gnzyme, leading o the ferméﬁeh‘ of @
dumbbell-ike single-strand DNA loops, which form the basis for amplification and
slongation. Forward and backward inner LAMP primers hybridize to the campiementéf‘y
and reverse complimentary targst sequences. The product of LAMP is 3 series of
concatemers of thé targst region. |
(0029 Because LAMP uses 4-8 primers targeting -8 regions within a small segment m’
the genorme, whsch primers have many constraints, commaercial software is often used to
assist with primer design. The large number of primers per target increase the likelihood

of primer-primer inferaction, and the incidence of false positive and false nagative results.
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sSee, "Reduced False Positives and Improved Reporting of Leap»Meﬁiaﬁecﬁ isathérmai
Ampiiﬁcatian Using Quenched Fluorescent Primers” by Pétrick Haréﬁ‘é’nge and James A
H. Murray, in Sclentific Reports 8, Article Number 7400 {2019). As will be discussed in
detall below, careful primer design and optimal reaction conditions and ies‘taﬁg are usad
o1 mmm;z@ these problems.

[0030] Briefly, embodiments of the present invention include detecting the presence of
hab latent vireid (HLVd) infection in Cannabis plants (by targeting HLVd nucieifi
acﬂici!RNAigeneﬁé material), in addition o detecting the presence of a control plant gene
using two-color flucrescence RT-LAMP technology. An example 'Qf a useful control ‘pfar‘;t
gene target s the ublguitously expressed Cannabis plant gene nuclsic acid {Ca@ﬁna'bis
sativa £F-1-alpha gene sequence nucisic acid is the franscript tanget am?%ﬁﬁed for the
conirol; however, any seguence from the genome could be useé)iRNNgeﬁeﬁc material,
A small amount of plant material is added o g lysis/stabilization solution in 3 first ube.
As stated above, the Cannabis control plant gene target is already expr&aised inthe plant
material and is a transcript targsted by the present method. A small volume éf the Eéqiﬁid
lysate from this tube is transferred fo a reaction tube containing reagents necsssary for
the RT-LAMP enzymatic process, and luorescent detection.

10031] Reagemts include enzymes, primer oligonuciectides, ﬂuarcphmrevumﬂjugated
oiﬁgénucieatide& quencher ofigonuclectides,  buffer components, and  othar
chemicals/components for reducing false positives, reducing background (lemplate)
flucrescence, increasing positive fluorescence, increasing assay sensitivity/accuracy,
and increasing visual differences. if plant material is detected, the resulting materials will
flucresce green under UV light. I HLVA malerial is detecled, the réauitéﬁg matér'ais will
fluoresce red under UV fight. if the assay has failed, or there is insuffi cient sampﬁe
quantcty or quait’gy, the resulting materials will not flucresce. :
[GQSE} WIPO Publication No. WO 2022/133137 for "Method For Répidiy AncﬁAééuraﬁéEy
Dstecting SARS-COV-2 Nugcleic Acid,”, was published on 23 June 2022, but differs from
embodiments of the pregent invention, among other festures, in 'the specific
Qiiganucieatédesfcr both HLVd and Cannabis as opposed {o SARS‘-COVuQ.an_{:} human

saliva; the lysis/stabilization solution, and the buffers and other chemical mmmneﬁts of
the reaction. '
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{0033] Reference wil now be made in detail io the present ermbodiments Qf the inventién,
examples of which are Hlustrated In the accompanying drawings. 1t will be understadd
that the FIGURES are presenied for the purpose of describing paﬁiéuiar embodiments of
the invention and are not intended to Hmit the invention thersto. Tummg now tg‘FEG. "E_,
repreéerﬁed is & flow diagram, 18, of an embodiment of the p’résent method. In étap 12,
Sample (Plant Lysate) Preparation, & small amount of plant material (ty;:sir’;aﬁy 3,12 g'ta
0.8 g of root tissue, or 0.08 g to 0.12 g of leaf tissue) from the plant to be analyzed for
HiVd is coliected, and placed in a § mb microcentrifuge collection tube haﬁing a lid and
containing about 3.5 mL of 10 mM Tris-HC! buffer {pH 8), for stabilizing tha-‘pi‘-ﬂ of the
solution, 0.1 mM EDTA (Ethylenediaminetetraacetic acid, for disrupting the “outer
rmembrane mf‘ celie by chelating Mg*™ ions, assential to outer membrane stability), 75 r’;‘éﬁ\ﬁ_
Trehaiase, 0.2 mg/ml. BSA (Boving Serum Albuming, 0.2 % Tween-20 (percentage
dilution from the concenirate, to assist in overcoming the sffects of PCR inhibitors
inharent in plant tissue), 0.2 g of activated charsaal, 0.05 g of Chelex 100 (50-100 meash)
Resin {a styreng divinylbenzene copolymer for stabilizing the DNA/RNA in the sdiu‘tié:)n};
and £, 4.5 mm giass beads. The test tube Is then capped and shaken vigamﬁsaiy for about
10 s, forming & lysate. Tha shaken tube is then shaken in a downward direction o cause
the liquid to move to the botiom of the collection tube, and placed in a rack for about &
min. o permit impurities {o satile to the bottom.

{0034] TABLE 1is alist of the HLVd and Cannabis primers used in the reaciant mixture.

TABLE 1
SEQID Target | Primary Primer Seguence {510 3°)
8O or Name
’ Alternate

i HLVd Primary Fip GAA CAA GAA GAA GCL GAA GCA'ACG. o
AAA CCT ACT CGAGCG AG

2z HLVd Primary FIP label | TexasRed - GAA CAA GAA GAA GCC GAA

1 GCA ACG AAA COT ACT CGA GLG AG

3 Hivd Brimary gip AAC GGCTCOCTTCTTC ACA CCCTCA

AGAGTTGTATCC ALCG
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4 HLvd Brimary F3 CGT GACTTACCT GTATGG TG

5 HiVd Primary 83 TGA ACT TCT GCA GGT AAA GC

& Hivd Primary LE GAA CTG GCG CYCGAT CTC

7 Hivd Frimary LB AGC CGG AGT TGG-AAA CTac B
8 Hivd Primary Quenchl | CTT CTT CTY GTT € -BHOZ

9 HLVd Alternate | Quenchl | CTT CTT ATT GTT £~ BHO2

ig Cannobis | Primary FIP label | FAM - GCC GCA TCA GCT TGT GTT GAL

GITGTTGTG CYTGALT
il C‘armab;‘s- Primary Bip TGA AGL AGG CAT GGA CAC C&G £
CTGATG AGTTGCG ’
12 . | Connobis | Primary F3 ATCACT ATG ACG GTG GCT A
13 Connabis | Primary B3 ATC CAT CTT GTT CAC AGC AA
4 | Cannabis | Primary LF CCA GAG ATCATG TTG GGA ACA
i5 Connabls | Primary LB TGA AGG GAC AAA CAC G.AG' AG

16 Cannabis | Primary Quenchl 1§ CTE ATG CGG ¢ - BHOL

17 Cannehis | Primary Quench2 | (TG ATG CAG €~ BHGL

[0035] Step 14a of FIG. 1 fHustrates the pre-annealing of 3 fuorophore with a quencheff@r
detection of MLVd. The FIF primer having SEQ 1D NO: 1 was chosen for sonjugation o a Texas
Red or ancther flucrophore at the 5 end, generating SEG 1D NO: 2 (FIP-TR)L i should be
mentioned that one of the other oligonuclectide primers, BIP, F3, B3, Loop F, and Lnbp B, could
have been selecled in place of the FIP primer. The guencher used for targeting the Texas Red
fluorophore is BHQ2 and the oligonuclectide sequence having SEQ 1D NO: Sl(QuemheH}’ is
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reverse complemantary to the oligonuciectide conjugated to the Texas Red fluorophore with ihe
BHQZ located at the 37 end.

[0038] The primers and quenchers wers supplied in separate tubes as fvophilized {freezé dried)
é@mpanents from a supplier thereof, with the flucrophore and the quencher conjugated to thelr
respective oligonuciectides as purchased, and are then independently dissolved in water to a
concentration of 100 M. Primer and quencher aquéc’aus solutions were mixed tdgﬁtherat'an
exparimentally determined ratio of 1:2 of primer (SEQ D NO: 2) to quencher (SEQ 1D NO: 8).
Other ratios that may vield usable results can range from 1.1 fo 1: 2.5 of primer to gusncher, This
mixture was hested to about 88° C for about 2 min. fo remove any secondary structure of the
cligonuciectides, and slowly cooled to room temperature.  Slow cocling aliows the guencher i
bind or anneal to the primer. Step 14b flusirates the pre-annealing step for the Cannabis primer
SEQ D NO: 10 (FIP-FAM) and quencher primer SEQ 1D NO: 18 (Quencher!) in a different tube
in & 11 ratic, and was identically and separately performed from the pre-annealing of thé
FiP/QGuencher combination for the HLVd FIP and quencher set forth abavéiﬁ Step tda, and
forming Mixture 1. Other ratios that may vield usable resuits can range from ’ii"% {0 1:2.5 of primer
to guencher. A second mixiure, Mixiure 2, was pre-annaaled in another iu&e using SEQ D NO:
10 (FIP-FAM) and SEQ 1D NG 17 (Quencher?) in g ratio 1.1.5 of FIP-FAM o Quencher2, Oihéf
ratios 'that may yield usable results can range rom 1.1 to 1.2.5. Both Midure 1 and Mbiure 2
were separately heated to about 85° C for about 2 min. to remove any Secandary‘structure of the
oligonucieotides, and slowly cooled to room temperature, The FIP primer having 8EQ 1D NO: 1D
was chosen for conjugation fo 8 FAM or ancther fluorophore, and the oligonucieotide Sequenc&s
having SEQ 1D N 16 and SEQ 1D NO: 17 wers conjugated to a BHO 1 quencher, and are %eveg’se
complemeantary o the oligonuclestide conjugated to the FAM fluorophore. tshould be men’iianéd
that one of the ofher oligonucisctide primers, BIP, F3, B3, Loop F, and Loop B, could have been
setected in place of the FIF primer.  The resulting pre-annealed solution from Step 14a and both
Mixture 1 and Mixture 2 from Step 14b were then mixed with the remaining primers (BIP, F3, B3,
Loop F, and Loop B} and added to the reaction mixture in the concentrations specified in TABLES
2 and 3, as part of Step 18, which increases the stability of the premixed reagents. | |
[0037] I should be mentioned that the alternale primer, SEQ 1D NO 9 was selected 38 @ primer.
that oould work in the situation whers the primary primer, SEQ ID NO 8 faiie_é 1o provide useful,
results. However, it was found that both primary and alternate primers generated similar results.
[0038] TABLE 2 illustrates the HLVdA primer solution containing 27.5 times the
concentrations generally used for analyses. '
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TABLE 2
SEQID Primer Final
N MName Concentration
4 F3 3.3 uM
> B3 3.3 uivt
6 LF 6.5 uM
7 LE 6.6 .M
0 BIP 26.4 i
i Fip 13.2 1
{uniabeled}

2 FiP-TR 13.3 p
8 {uench 26.6 uM

Mote that SEQ D NGO 2 and SEQ 1D NO: 8 have been pre-annealed in Step 14a.

[0039] TABLE.- 3 ilustrates the Cannabis primer solution containing@s?& témes: the
ce:méentratians generally used for analyses. The 33X and 27.5X% mncen’iréti@ns are
f@rmuia’zed to make the final volume of each reaction as small as pes&ébie,fwhvéaﬁ 8
nécessafy for lyophilization, Those concentrations are the highest that are available

using & 100 uM stock solution,

. TABLES
SEQHD Frimer Nams Final
NO: Concentration
2 k3 3.3 pia

ig
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13 B3 3.3 uM
i@- LF 6.6 uvt
15 LB 6.6 nhvi
11 BIP 14.52 4
10 FIP-FAR {Mix 1} 24.6 ubd
18 Guench 1 {Mix 1} 24.6 uM
10 FIP-FAM {(Mix 2} 6.56 uh
17 Quench 2 {Mix 2} 9.84 uM

PCT/US2024/032952

Mote that SEQ 1D NO: 10 and SEQ 1D N(: 18 have been pre-annsaled in Step 14b a3
Mixture 1, and SEQ 1D NO: 10 and SEQ 1D NO: 17 have been pre-annesled in Step 14b

as Mixture 2. It should be mentionsd that any target control gene nuclelc acid molecule

can be utilized.

00407 Analysis (reactanf) solutions are prepared in Step 18 by combining the

components set forth in TABLE 4.

TABLE 4
Reagent Final Concentration
'E'r%s—Hi‘E 20 mM
Ammonium sulfate {{NH412804) 10 md
Potassium chiéride (K 50 mi
Magnesium sulfate {(Mg504) 8 mM
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Tween® 20 0.1%
Deoxyguanosine triphosphate {dGTP) 1.4 mM

| Deoxyoytidine triphosphate {(dCTR) 1.4 mM
Ge@xyadémsine triphosphate (AT 1.4 mbd
Deoxythymidine trighosphate {dTTP) 0.7 mi
Deoxyuridine triphosphate {dUTP) (0.7 mpM
NEB hotstart 8872.0 6.4 U
NEB warmstart RTx | 24U
NEB Uracil-DNA Glycosylase (UDG) 1.5 U

| Betaine 0.8 mM
HLVd Mixture from TABLE 2 0.75%
Cannebis Mixture from TABLE 3 0.5%

Note that U represanis units of enzyme activity. Additionally, as an sxample, TABLE 2
contains 27.5X of the component concentrations, which is 27.5 times the concentrations
thereof in 2 solution generally used for analysis (1X); therefore, 0.75X contains 3/4 of the
concentrations of HLVd primers of & 1X solution thereof, and 0.8X contains % of the
concentrations of 8 1X solution of Cannabis primsrs {TABLE 2) of a 1X sclution thersof.
{0041} The solution of components in TABLE 4 may be lyophilized in 0.1ul strip tubes
forming a peliet in sach tubs for storage for later use in Step 18

00427 The listed components perform the following funclions:

{a) Tris hydrocholoride is a buffer that maintains the pH of that solution for allowing
optimal activity of the enzymas,
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(b} Ammonium sulfate and potassium chioride stabilize the enzymaes that cataiyéé
the reaction, v

{c Magﬁesiusrv sulfate augments for catalvlic activity of enzymes in the assay an;ti
adjusting its concentration allows increased or decreased reaction temperature. | |

{d) Tween 20 is a polysorbate-typs nonionic surfactant, and assists in inc‘reasi‘ng
the specificity of the reaction. Alternatives include Triton X and NP-40,

{g}) dNTPs are free deoxy-triphosphates (A, T, C, and 8) that serve as the raw materials
for amplification. dNTPs from any source in sither powdered or fiquid form can be Lsed.

{fy deoxyuridine triphosphate (dUTP) when used in combination with thermolabile
urach DNA glycosylase is a component that destroys carry-over centarrﬁhaﬁmn prior to
new ampiification, and minimizes false positives. This component is épiimaﬁ, but
improves performance of the assay and also reduces the risk of cross-contaminating
future assays with previcusly amplified results. Amplification products from one run of a
test contaminating future reactions can lead to false positives and is a problem for any
nucleic acid test, including both LAMP and PCR. I a small amount af'ampiiﬁcatien
product contaminates a new tfest, thal test will appear positive beﬁause the
primersfenzymes will amplify that molecule regardless of the presence or absence of
target viral nuclelc acid. Including dUTP and thermolabile UDG (uraci DNA giycasyiase
NEDB Cataigg #MO3728 (Antarctic Thermolabile UDG)), while not necessary for the
reaction to proceed, reduces the chance of these false positives, since when mciuded:
dUTP is incorporated at some low frequency in the ampilification products.  Antarctic
thermolabile wraclh DNA glycosylase is an enzyme that degrades DA molecules that
contain dUTP praventing carry-over contamination from previous reactions, as described
above. Any commercially available or lab produced enzyme that cleave DNA ai sites of
dUTP incorporation can be used in the assay. This component is optional, but Empm\:es
performance and specificity of the assay, and reduces the risk of cross-contaminating
future assays with previously amplified results.  If those amplification products
accidentally contaminate s new test (as happens reguiarly), the UDG enzyme in the new
test dagrades any nucieic acid containing UDG. However, this process only ‘works at
room temperature, and onee the reaction is heated, the thermolabile UDG is inactivated

and does not degrade the new amplicons of the new test,
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{g} NEB hotstart BST 2.0 strand-displacement polymerase snzyme is an gnzyme
that catalyzes the amplification of the target DNA using sdded primer sets, Ahy strand
displacement polymerase may be used including, but not limited to: BST 2.0, BST 2.0-
ﬁetstart; BST 3.0 (New England Biolabs), EguiFhi28 and Bsm DNA polymerasss
{ThermoFishear Selentific), osPol Bst (ArticZyme Technologies), or any in lab produced
polymerase enzyme with strand displacement activity. Bst 2.0 DNA ?Qiymérasa-(NEB
cafak:ag # MOBIYS3) andfor Bst 2.0 WarmSlart® DNA Polymerase {NEB catalog #
MGEB&S} were employed, . '

{hy NEB WarmStart RTx (NEB catalog #M035808 WarmSiant® RTx Reverse
Transcriptase} is an enzyms that calalvzes the conversion of RNA into mmpiementary
DNA, allowing detection of RNA targets (such as RNA viruses and viroids). Any
commerciat or in-lab produced anzyme that converts RNA into complementary DNA may
be used in the assay. This component is optional depending on the nature of the target
o be ampiiﬁéﬂ. ‘ | '

{i} Betaine (rimethyiglycine} is used for allering the hybridization pa'teéii'aﬁ of
oligomers and templates in the reaction. Allernatives or additional components frzciucﬁe
DMSC {dimethyl sulfoxide), proline, trehalose and ionic liguids including imidazeiium‘,
pyridinium, pyrrolidinium, and phosphonium, with the anions including  halides,
tetrafiuorchorate - '
{BFs7), hexafluorophosphate (PFe), and bis{{triflucromethyl) sulfonyl] Emide. ‘

100431 In Step 26, 40 ul of plant lysate from above is added to the lyophilized "petiet
{total volume is about 40 gl using an exact volumes pipetie o rehydrale the peliet. An
gxact volume capiliary may also be used for sample transfer. If the reastant mixture from
Step 18 was not lyophilized, the liguid and the lysate are mixed, '

(00441 In Step 22, the lysate and reactants are incubated using a dry heat bie:uci{‘ff::r shout
90 min. {between about 30 min. and about 80 min. has been found to be adequate) at abcmi &5°
G {any temperature between about 80 ° 0 and about 70°C), after which the reaction is cocled o
roont lemperature (abow 2”;5 Cy for about § min., as seen in Step 24, such that unincorporated
ﬂuamph@r&mn}ugated cligonuciectides  are  re-annealed 1o complementary  quencher

oligonuciectides and can no longer produce visible flucrescence. it should be mentioned that any

heating device capable of maintaining the reaction at the chosen constant temperature, such as
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a water bath, PCR apparatus, as sxamples, can bae used Fiuamphoreﬁanjugatéd
gligonuclectides that have already been incorporated into an amplicon will not be available to re-
anneal to complementary quencher sligonuclectides, and will produce visible flucrescence under
ultraviolet ight. In Step 28, reactions are placed on their side, and viewed with a commercially
avallable (Benchmark Bcientific Accuris Instruments) ultraviolet transiifuminator viewing device
having a broad range of ultraviolet light centered at about 302 nm. A visualization box, having 8
small viewing hole at the top and fitted with & safe-viewing uv hlocking iané{f@r aya pretecﬁf}n}
pimvides; & dark gnvironment, and may be used for viewing the fucrescence emissions by aye, or
for image photographing using a mobile telephone or camera, or the fluorescence may be
captured and analyzed by an embodiment of the slectronic image acquisition system of the
present invention for viewing fluorescence resulls from one or more reactions, as
ilusirated in FIG. 3 and described in EXAMPLE 3. Thus, the test results can be nbsewéd
visuaiﬁy, or photographed and analyzed using software generated for this purpose.. The
fiuorescence is interprated as positive for a viral pathogen or other targst sigﬂéi,if the reaction
giows in a spectrum from red to orange (o yellow, as positive for the HLV signal and negative for
viral sathogen signals if the reaction glows green, and with no colorsd fluorescencs in a reaction
interpreted as g failed reaction. The fluorophores and the ratios of primer sets were chosen such
thgt the green {Cannabis) flucrescence does not overpower the red (HLVd). Therefore, jif thare
are detectable levels of viral target, the combination of both flucrescence will either show fully red
{for virai}‘ér & red spectrum {for the combination), but not fully green. In use, about 1.5 times as
much of the virus primer set as the Cannabies primer set was found to achisve this effect, since
the HLVd sequence amplifiss efficiently and not a3 ?ﬁuah primer is required to overpower the
Cannabis targel. Examples of observable flucrescence {or lack thereef} may be made available
to a user by supplying () Positive control reactions cortaining both Cannabis and HLV&; (k)
Negative control reactions only containing Camabis RNA,; and (¢} Reactions containing no RNA,
with 2ach set of reaction tubes in a kit, as will be described in more detail below, | A
i0045] Step 28, fluorescence may be documentsd by a digital photograph, a camers, light box,
or eiec’(mnia image acquisition system. o
10048] Having generally described embaodiments of the invention, the following EXAMPLES

déﬁwonsirat&s further aspects thereol.
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EXAMPLE 1
[0047] A Sslection of Brimers for Staps 14a, 14b, and 46 :
[0048] Primers Specific to HLVd and Cannabis Control Targets are set forth in TABLE 1, and
weave designed using the Primer Explorsy V4 software specifically for designing ép‘timimd
LAMP priﬁiefs, and synthesized by a contractor, for ampiifying the selected target;regiéhs
used to detect the HLVA virold sequence having GenBank RefSeq GOF GGGBS@ESSJ
and the Cannabis standard reference control sequence NCBI XM 030654048.1, The
primef sequences werg predicted to specifically amplify target regions without off-target
interactions, andfor lack of negative interactions with sither other included primers or
other biclogical sample genetic material.
{0048] B. Selection of Fluorophores for Steps 14a and 14b:
[0050] To aliow efficient amplification of target sequences, while enabling :visuaiﬁzatiéﬂi
Qiigarﬁeric nucieotide conjugsated flucrophores (bound to the Forward Internal Primer,
FIP, as set forth above) were selecled o asllow visualization by eye ‘using ‘& single
ultraviolet light source for generating fluorescence. This is accomplished by utilizing two
individual fiucrophores that can each be excited with a single UV light source, but that
emit' two ‘dé&tim‘t wavelangths, which can be simulianscusly seen by eve. Fiuémp‘héres
are also selected such that they do not inhibit or hinder sequence ampi;fscaﬁan from tha
speczfc targets of intzrest. Fuorophore combinations may consist of any wmmemaaiiy
avaiiable visible conjugated (chemicaily bonded, conjugated, or altached o the
ofigonuctentide during synthesis) flucrophore. The number of salectad ﬁizqréphcms can
raﬁge from one {o many (> 5). A single flucrophore or ruitipie fluorophores éan be used
to target multiple pathogens or multiple sequences in a single pathogen, from the same
assay. The assay may or may not contain a separate Ruorophore that targets a control
host geneftranscript. Wavelength filters may be employed, whereby the emission from
ong fluorophore is observed at a time.  Any host genge DNA or RNA may be usad as a
target for the internal control. The Cannabis gene was selected because it is waiiw
expresseci and is a cormmonly used.
[G061} . Selection of Quenchers for Steps 14a, 14b, and 18:
10052 To quench flucrescence from unincorporated primers, quencher Qiagemers; are

selected to contain the appropriaie conjugated moleculs effective for quemhmg the
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sgeséﬁc wavelength of flucrescence emitted from the fluorophores used zn the éssay;
Quencher oligonuclectide sequences are chosen to have a specific length, aéd may
contain mismatches, which allow binding of the guencher oligomer o a particulsr
fuorescently iabelled oligomer at low temperatures (< 507 G}, but not at high temperature
{>» 50° C}.

[0053] FIGURE 2A(1) flusteates the hybridization of the reverse complimentary
séquamcefm_ the HLVd Forward Internal Primer, iR, cemjugatad at the 3 end {o a dark
guenchear, BHQ2, for the TexasRed flugrophore (586 nm excitation peak utiiized} of SEG
10 NO: 8, with the FIF primer conjugated 1o the TexasRed fluorophore of SEC% D NO: 2,
and FIG. 2A2) ilustrates the hybridization of the reverse campiimemaﬁ"y $e§:§1§enée for the
HLVd Forward internai Primer, FIP, conjugated at the 3' end to a dark quencher, SHC&
far the Tgxasﬁed fluorophore of SEQ 1D NO: 9, with the FIP primer aangugatecﬁ ta the
TexasRed flucrophore of SEQ 1D NO: 2, showing the mismatch marked by the arrow, of
an A {adening) nucleotide bound o a G {(guanineg) nucieotide instead of a © {cytosing)
nuclectide bound fo the G {(guanine) nucleotide; while FIG. 2B(1) aiiustrateﬁ the
hybrzdazat:an of the reverse complimentary sequence for the Cannabis Fﬁrward Eﬂtemai
Pri rimer, FEP conjugated at the 3 end to a dark quencher, BHQ, for the FAM fiu crophare
{493 nm axcstat;m peaiG of SEQ 1D NGO 18, with the FIP primer having SEQ 1D NO: 10
conjugated to the FAM fuorophore, and FIG, 28(2) lustrates the hybr;dazataen of tha
reverse complimentary sequence for the Cannabie Forward intemnal Primer, FIP,
conjugated at the 3’ end to a dark quencher, BHG1, for the FAM flugrophore of SEQ ID
NO: 17, with the FIP primer having SEQ 1D NO: 10 conjugated to the FAM fluorophors,
showing the mismatch marked by the arrow, of an A (adenineg) nucleotide bound to & C
{cytosine) nuclestide instead of a G (guanine} nuclectide bound to the © (cylosing)
nuclectidde. The identified mismalches waaken the hybridization/binding of 'the prﬁmers
bearmg the ﬁuareph@res with the primsrs bearing the dark quenchers. o
(0054} When reverse complementary sequences hybridize, ma&matches”_ﬁmaﬁ ?ny
némWatsén—Cﬁck base-pairing pairs. Mismalchas alter the hybridization strength of the
dupiex, making it weaker, and, along with the chosen length of the quencher, pr@ducg the
effect of temperature on binding. That is, binding of the quencher to Ets farget fluorophore
becomes possible at low temperstures, while the two cligonuclectides separate at higher
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tamperaturés such that at the assay temperature, RT-LAMP ampiif’taﬁen cavnvomur
Online programs such as those available on the websites of Ssgma or IDT were. usecﬁ o
predict sullable quenchers based on sequence and calculated hybnr}szaiseﬁ atrﬁﬁgth
delfta G, but their actual oparation must be tested empirically. Thersfore, guencher
cligonucleotids sequences are selected such that they do not inhibit amplification of sither
the target pathogen or the host control transcriptigens.  Quencher cmj;sgaﬁéﬂ;
eii‘gonucieai'des were  purchased from commercial sources, with and WEthcﬁt
mismatches, and with a variety of lengths, in order to optimize their properties. As stated
abme ihe alternate (mismatched) quenchers generatad essentially the same test rﬁ'&ui‘zs
(0085]  Other quenchers that may be used include: (8) lowaBlack-FQ, whach oan
quench the FAM flusrophore in the Cannabis target, (b) Ec::waB ack-RQ, which s:’;ar; guench
the TexasRed fluorophore in the HLVd target; (¢} TAMR!% which can Guench the FAM
fluorophore; and (d) BlackBerry Quencher 850, which can guench the TexasRed
fluorophore, as examples. The FAM and TexasRed flucrophores, and the above
guenchers conjugated to oligonucleotides are commerdially available from multiple
gampanies ncluding: 1DT, GensWiz, ThermoFisher, Abcam, and Biosynthesis, as
examples. |

{0056] D, Optimization of Primers for Steps 14a, 14k, and 18: .
[0057] The ratios of different primer sels targating mulliple sequences for aiiow;ng
amplification of all targets, and for facilitating visualization of all ampiified targsts, such
that complete quenching of fluorescence from unincorporated fluorescently m‘nj’ug‘aied
oligomers ccourred, was determined experimentally. RTLAMP primer sets consist of &
oligomers for targeiéng gach region of inferest. Primer and quencher aqueéus solutions were
mixad together at an experimentally determined ratio of 1:2 of prime:; to quencher. Othar ratios
that may vield usable results can range from 1.1 to 1:2.5 of primer to quencher. This mixturs was
heated to about 85° C for about 2 min. {0 remaove any secondary structure of the oligonuclectides,
_aﬁd slowly cocled to room temperature.  Slow cooling allows the quencher to bind or annesal to
the primér. Step 14b Hlustraies the pre-annealing step for the Carnnabis primer SEG 1D NO: ’ii)
(FIP-FAM} and quencher primer SEQ [0 NO: 18 (Quenchert) in a different tube in a 1:1 ratio. and
was identically and separatsly performed from the pre-annealing of the FiP/Quencher
dombinaﬁm for the HLVd FIF and quencher set forth above in Step 14a, and forming Mixture 1.
A second mixture, Mixture 2, was pre-annealed in another tube usmg SEQ D NO: 10 FE@FAM}
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and SEQ ED NO 17 (Quencher) in a ratio 1:1.5 of FIP-FAM to Quencher?.  Both Mixture 1 and
Mixture 2 were separately heated to about 85° T for about 2 min. {0 remove any seccmda*y
structure of the miigenucieeiades and slowly cooled to room tempera&ure Bath. Maxture 1 and
Mixture 2 for the Cannabis were used in the final reaction at a ratio of 1.3 {Mixtura 1 M;xmm 2)
{0088] The ratio that gave efficient amplification from all targets and aii@wed visual
analysis of the resulte was found to be 1.5 of HLVd primers to Cannabis primers.
Heowever, ratios of HLVd to Cannabig primers betwsen 0.5 and 2.5 may also produce a
usable result. Considerations for this process included: transcription level of pathogen(s)
ta'r'get verses control targst, expected pathogen load in the sample camparéd o the
target, brightness of selected fluorophores, sase of visualization of different wavelengths
by the human eye (i.e., green is more readily seen than red) or analyzed using softwars,
and the number of diferent sequences targsted by the sams ﬁuamphare in the. assay.
00581 In an RT-LAMP reaction the first step is conversion of the RNA o cmmpiementaw DNA
{cDNA} vamed out by an RT enzyme included in the reaction. The oligomers that prme thss
process arg the same reverse primars that catalyze the ioop medaatee‘:ﬁ amplification by the
polymerase in the next step. Howsver, the use of quencher technology alse means that a reverse
complement sequence that can bind the target RNA template itself is intraduced. Binding of free
quencher o the RNA template prior to heating the reaction can lead to reaction inkibition because
the 'inier‘acﬁm blocks reverse transcription of the sequence needed to initiate amgiiﬁaatimn.
Additionally, free primers can initiate non-specific amplification at low temperaturés in all LAMP
reactions. Thereforg, the reaction components need 1o be mixed immediately prior to ruﬂn?ng the
reaction, which is what is customarily done.  Prehybridization (pr@anneaﬁing}» steps '(heaﬁng
together and slow-cooling to promate annealing) the fuorophore-conjugated oligomers (SEQ ID
NQ: 2 and SEQ D NO: 10} with quencher digomers (BEQ 1D NO: 8 or SEQ D NO: 8, and Seg
i NG 16 or BEQ ID NO: 17, respectively) were optimized © vield efficlent quar’aching i the
absence of targets. That is, temperaturs and timing for prehybridization wers Gpﬁmimd o
maintain quenching without inhibiting amplification of the chosen targets (HLVd and Cannabis).in
the assay, thereby reducing false positives and false negatives. By adding the pre-annealing
step, the frae quencher and primers are Yocked” together and resulting duplex becomaes “hot-
start’. Without this added process the reaction does not amplify. This significantly racﬁucgés_ FICH-
;spéciﬁc amplification allowing the present chemistry o be stable for days at room tenﬁperatur’egr
Eonger, if chilled, as a pre-mixad, liguid reaction solution, and upto avearas a iyqphiiized e HE S
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00607  Summarizing, without the pre-annealing step several negative conseguences
OCCUE _ | -
a. The FIP labelled primer is not fully quenchad at the start of the reaction,
thereby increasing background forgscence; v | o |
L. Labelled FIP primers are not "blocked” at room temperature from hitﬂding
the tempilate {(since they might not be fully bound by quencher) increasing
, ih_e_ chances of non-specific ampilification; , ‘
¢, Excess free {(unbound) FIP or guencher {for some guencher seﬁtéénces}
| may bind {arget nucleic acid sequences and praclude binding of the Eébéiéd
FiP {'cr other primers), thereby inhibiting the reaction; and o
d. Without the pre-annesaling step, the reaction does not procead, iikeﬁy dus to
point ¢ above, |
Although the pre-annealing step accomplishes many things, & may not be strictly
necessary for avery target. - o
[00681] Further, if the reaction cortinues to react after the designatsd time, ihe visual
readout can change from negative o positive, since the enzymes are still available and
there is an increased opportunily that they can locate an off-target species and beginning
amplification of that species. Thus, if left to react for long periods all such analyses wviii
Eik;éiy bemme_ positive. To reduce this possibility, LAMP enzymes are often inaaiivatéci
at the end of the designated reaction time by heating the reaction to 3 high temperature
(é‘r@und&ﬁ” C} for 5-15 minutes, which destroys the enzymes and stops such reactions
from progressing.  This additional atep is inconvenient for the present on-site assay,
whére a thermal cycler is generally not available. Effectively quenching the fluorophors
FIP primer once the reaction time is over by slow-cooling 1o room temp accﬁm;&iishes ii‘{ié
result, and if the enzymes still remain active, a false positive is not observed, since thé
read-out is flucrescence and fluorescence from unincorporated labsled aiigenuéiéaﬁéég
is quenched. Further, because the detection technology is tisd fo incorporation Qf a
flucrescent primer {(versus the more standard methods such as intercalating dyes or pH
Endicaiars_}, nan-specific amplification involving most primer-dimer cgmbinaﬁaﬁé y&;iii tne'fs:
trigger a positive result even if spuricus amplification ocours in the background. -

[0082] E.  Optimization of Reaction Conditions for Steps 20 and 22
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[B083] in Step 22, the lysate and reactanis are incubated using a dry heat block for shout
80 min. (between about 30 min. and about 80 min. has been found to be adequaié) at
about 85° C {any temperature between about 80° C and about 70° C), aﬁer which the
reaction is conled {0 room temperature (about 21° C) for about 5 min,, as seen in Stép
24, such that unincorporated fluorophore-conjugated oligonuciectides are ?‘e—aﬁnéaéad ia
complementary  quencher oligonuclectides and can no  longer prgcmce 'visib‘ie
fluorascenca. V |
EXAMPLE 2 S

[3064] TABLE 5 shows the resulis of g blind study 1o determing the aacuraﬁy‘of the
present method compared o conventional KT-qPCR for the detection of hop iaténi viroid
(HLVd} in Cannabis plant tissue. The resulls wers evaluated by eve aﬁ_d racorded by the
operator. Colors betwseen vallow (Positive-Low HLVA Level) and red (PagiﬁvemHigh'HLVG
Level) were recorded as positive, bright green as negative, and darkinon-flucrescent
samples were recorded as falled. Note that the positive-madium HLVA Lavel appeared
as an orange color. TABLE 5 shows that at the concentrations of plant Hissue and

pathogen tested, the present methed performed with 100% accuracy a3 compared o
conventional gRT-POR, when svaluated by aye.

v TABLE & _
Sample Sampies | Percentage | Average | 81 Dev. | HLVd St Dav. | Estimated
Type Testad Positive Controf Target Wiroid
, : CT{PCR) Gt Load
{FCR) {genomes
gerpby®
Positive — | 15 1% 285 1.2 24.0 4.5 20482
High
HLV
Lavel . ,
Positive - 1158 100% g7 0.2 7.4 1.3 502.4
Medium
HLYY
Level g
Posilive — 1 15 100% 31.2 0.2 314 1.8 27.8
Lo
HLYVY
Level :
MNegative | 20 D% 3387 0.8 Mah NA MNA
- N :
HLV
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NTGC - 30 % NaN NA RE NA NA
Failed {no

tissue
addad)
“Wiroid load was determined using standard curve data collected from a serial dilution
performed in triplicate.

C7 indicates cycle threshold,
EXAMPLE 3

EGG&S]' FIGURE 3 is a schematic representation of electronic image acquisition system,
30, for viewing fluorescence resulls from one or more reactions.  Ulraviolet source, 33,
shown as haviﬁg at least one ultraviolet diode (UV LED), 34, powsred by pQWsr supply,
38, directs UV radiation through excitation filter, 38, and into reaction ‘tubes 44, 'Reactimn
iubes 4% are standard PCR tubes fabricated from polvpropylane, havmg hids, and
adapt&d to fit through holes, 42, in microplate/reaction tube holder, 44. fvhcmpiate 44 has
a thickness, 48, such that a portion of sach of tubes 40 is exposed to UV radiation. In
experiments, approximately the bottom half of each of the reaction tubes as d&recﬂy
exposed. This permits UV radiation from UV source 32 tc:s generate ﬁuaresceme in ihe
fluorophorss contained tharem, Reaction tubes 40 may be held in place in holes 42 by
iﬁi&:g‘rai external flanges, 48, formed therson, and/or by tapering of the holes 42 or the
reaction tubes 40 themselves, or a combination of tapered surfaces. An image of
fluorescence smanating from the top portion of reaction tubes 48 is taken by camera, 5&3
aﬁer the fluorascence passes through imaging ffter, 82, Camera 80 is Gae:ra?ed by
camera controlier, 54, the output of which may be directed into signal anaiyzen 86, and
tHe acquired image may be stored andfor visualized using memoryfoutput devics, 88
Images may be transmitted to users using Wi-Fi, 80. Currently, the data is analyzed
outside -image scquisition system 30, after storage 58 and Wi-Fi trénsmi&&ioa 80,
However, 1t is anticipated that the anslysis algorithm set forth in FiG,@ fnf_zay\be
implemented in systern 38, as shown in FIG. 3. UV LEDs 34 are used to excite hoth FAM
and Texas Red ﬂﬁcmphor% in reaction tubes 40. LEDs having a UV radiation peak at
308 + & nm wers found 1o be most effective at generating brighi, saturated red and green
flucrescance, rendering the images more readily interpreted. Excitation filter 38 fransmits
UV light for the excitation of fuorophores and blocks visible light (420 n‘m - ﬁﬁgfhm},
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thereby improving image contrast, while imégiﬂg fiter 52 blocks visible light eéﬂﬁed Aby
UV LEDs 34 at shorter wavelengths of the visible light spactrum (< 430 nm).

[0065] FIGURE 4 shows algorithm, 108, for analyzing images taken by camera 48, In
Step, 182, camera 48 caplures an image of reaction tube halder 44 showing fiuaé‘;escence
from reaction tubss 40, Step 104 preprocesses the image, which may include the steps
of masking colors outside of expected RGB :range\ {colors ,wnstmateé from the
combination of the Red, Green, and Blue colors), and applying a blur te imége o reduce
noise. The naed for masking arises from the occasional observation of particulates {(hair,
Hnt, eta) in the imags, that can contribute to the flusrescence. if these paﬁicu‘iates are
not removed from the image, their color values (RGE and M8V {color model used fur
HTage anaiysis, where H stands for Hue, the color portion of the model S represents
Saturatic?ri, the amount of gray in & particular color, and V descri}bes the hrighiﬁe% or
intensity of the coler)) wilt be included in the algorithm. The color values of the paﬁicuiaﬁes
have been coded s any pixel that contains these oolor values wili be masked and not
included in the algorithm. o |

[0067] A Hough circle transform is used to identify samples in the ﬁucrésézenﬁe_ image,
allowing circular abjects {0 be extracted and the location (X, ¥) of each circular obiect to
be identified. In the present situation, each circle identified must correspond to a sample.
However, when raw, unprocessed images wers used, the Hough transformer located
muiﬁpie circles within each sample; that is, circles were drawn around ccndaﬁsatign and
spots of fluorescence, anything that had an edge in the image. To cure this '-pmbierﬁ,
gdges were reduced by applying a median blur, which takes all of the pixsl values within
& vdeﬁned areg and replaces them with the median in the defined area. This “smooths”
the fluorescence image and permits the circle transform {o accurately idemify all the
samples in the image, ' ,

{:{}{}683. The processed image is assigned circles, sach having x and v c:émdina‘teg atils
center, and a radius in Step 108, and samples are identified using oircles that fit a defined
size range, one circle corresponding 1o one sample in the réamim plate. Average HEV
and RGB vaiues are obtained from the circles in Siep 108, and a well identification is
assigned to each circle in Step 110, The Prediction mode!, Step 112, is 3 muiti\nem‘iai

logistic regression model using 8 "one vs rest” strategy to predict the resulls from these

23



- WO 2024/254412 PCT/US2024/032952

colors. Tha "one vs rast” stralegy requires a model o be created for each class (Negaﬁve,
Peﬁsitive, and Failed). The 3 models were "trained” using RGB and HSV values from 300
gﬁositive samples, 300 negative samples, and 200 falled samples. When a new sample is
input into the models, the color values (RGE, HEV) of that sample are usad to dﬁter’mme
which class {resuit) the data most closely resembles. Each of the 3 models predicls &
éiass rﬁembﬁrship probability for that sample and the class with the highest probability is
assigned to the sample. _ ‘
[0088] The resulls are stored in the database as a JBON file {JavaSeript Objéc:t Ncﬁaﬁm)
in Step 114, and consist of the well 1D and the highest probability that carres«spénds o ihat
wedll 1D,

v EXAMPLE 4 B

10070] Embodiments of the present method for detecting hop latent viroid nucleic acid
may be inciﬁded in a kit for reverse {ranscription loop-mediated isothermal émpiiﬁcfaﬁeﬁ
and fluorescent detection of the pathogen nucigic acid, along with a Cannab;‘s controd
gene, from biclogicsl samples, including plant tssue exiract, using thé’ spacific
oligonuciectide primers, fluorophore-iabeled probes, buffers, enzymes, and queﬁéh@ers
sat forth sbove, Pre-barcoded, screw-capped collection tubes csﬁtafﬁing - sample
ﬁtﬁi’iﬁt‘:&tiﬁﬁ components in an optimization buffer and instructions are paakaged together
for sample collection intended to be performed at the cultivation facility/site. |

[G071] A kit may include: {A) at least one 5 mb volume screw-cappad tube having solid
filtration components (for example, prewashed activated charcoal and Chelex 1 G050~
1 BG mesh) Resin) in a sample optimization buffer and a sticker labsl with an idenﬁﬁer
code. A described amount of plant tissue comprising of root, leaf or stem is added directly
to sample cc;eiiecﬁon tube, the Hid is closed tightly and the tube is agitated for several
seconds to mix the components (B} At least one fixed-volume miémpépeﬁe, or & fixed-
volume capiliary tube having a plunger (for exampile, a capillary action fransfer stiék)’c‘};
bulb, r:apab?e of transferring 2 40 pb sample volume and associated pipatte ﬁps;f{C} a
0.2 mb strip or a microplats, or at least one optically-clear 0.1 mL volume reaction tubs
that may be altached in groups of 8 tubes, sach tube having individual aftached snap cap,

being capable of withstanding the elevated femperature of abowt 85° C and remain
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sealed, and containing a vophilized reaction sphere or pellst (Note that the .éhemistry
could work using a frozen liquid, but then, 8 much smaller amount of sample than 40 ul.
would have 1o be used, thereby decrsasing the sensilivity of the test.); (3} a dry heaﬁng
plock with or without a heated id or waler bath capable of being heated for heating the
reaction tubes to about 85 C; and (E} an apparatus for visualization of the reactions. This
latter appéaratiss may include a source of UV radiation, a visualization bf}xlrhaviﬂg’ a sméii
viewing hole at the fop and fitted with a safe-viewing UV blocking lens for providing a dark
envimnmen{, for viewing the flucrescence amissions by sye, or for imags phetographihg
using & mobile telephons or camera, or the fluorescence may be captured‘and anéiymd
by an embodiment of the electronic image acquisition system of the presem invention for
viewing flucrescencs resulls from one or more reactions, as #lustrated in FEG‘:S and
described in EXAMPLE 3. n

[0072] The sample oplimization buffer may include Tris-HCI buffer {pH 8), EDTA,
Trehalose, BSA (Bovine Serum Albuming, and Tween-20. The reaction fubes may
include: DNA polymerase, reverse transcriplase, deoxyadenosine ) friphosphate,
deoxyoytidine triphosphate, dewtyguanosine triphosphate, deoxythymidine triphosphate,
BiF, F3, B3, Loop F, and Loop B first oligonuclectide primers for hybridizing with the HLVY
h_ucieic acid ssguence, BEP, F3, 83 Loop F, and Lgap S second oligonuciectide primers
for hybridizing with the Cannabis gene nucleic acid control, an annealed first Fip ;jrimer
cen;‘ugat@d to a first fluorophore and having SEQ 1D NO: 1, with a first raverse
complemantary oligonucisotide conjugated to a first quencher for the first flucrophore and
having SEQ D 'NO: 13, an annealed second FIP primer conjugated with a seceﬁd
fusorophore and having SEQ 1D NC: 7, with a second reverse eampiémégﬁtaw
cligonuciectide conjugatad to a second quencher for the second fluorophore and having
SEQ I NGO 14, magnesium sulfate, Tris(hy{imxymethyé)aminamethané hydrﬁthiariée;
ammanii}m suifate; prtassium chioride, and Tween-20. Effective mment;faﬁom;afihesa
compositions for reaction with 40 ul. of sample volume are iy&phiiize}d {frééz& éﬁrégdj into
pelist or sphericai_form and placed into the reaction tubes for use in the kits.: o |
10073} Kiis may include: () An apparatus kit containing: a sample caﬁiecﬁgﬁ tube hoidér,
a healing block, at least one black reaction plate for holding reaction tubes for

fluorescence visualization, and a devios for axciting and viewing fluorescence; (&) &
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{esting kit ciontaining: at least one tube having a cap and solid filtration components ina
sample optimization buffer, at least one fixed-volume micropipstte, or a fixed-volume
capilfary tube having a plunger, and at least one optically-clear reaction tube, sach tube
haﬁi’ing incividual attached snap cap, being capable of withstand%ﬁg the elavaied
temperature of about 85° C and remain sesled, and containing a Wophilized reaction
$g:§hsare or .peiiet; and (¢} an apparatus kit containing: a sample coi?ecﬁcn tube holder, a
heating block, at isast one black reaction plate for holding reaction fubes for ﬁuéresaemge
visua&izétian, and a device for exciting and viewing flucrescencs; and a festing kit
containing: at least one screw-capped tube having solid filiration a@mmnentsl ina $émpie
éptimiza’den buffer, at feast one fixed-volume micropipetie, or a fixed-volume capillary
tube having a plunger, and at least one optically-clear reaction tube, sach tube having an
individual cap, being capable of withstanding the elevated temperature of about 85°C
and remain sealed, and containing 8 lvophilized reaction sphere or pelist, o
[0074] The foregoing description of the invention has bsen presented for purp@ses éf
ffustration and description and is not intended {0 be exhaustive or to iimi the invention to
the precise form disclosed, and obviously many modifications and variations are possible
in light of the above teaching. The embodiments were chosen and described in order o
best explain the principles of the invention and its practical application to thérehy snable
others skilled in the art to best utilize the invention in various embodiments and with
various modifications as are suited o the particular use contemplated. s imerﬁd&d that
the scope of the invention ba defined by the appended claims.
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[0075] WHAT IS CLAIMED I8!
1. A method using RT-LAMP amplification for detecting RNA from hop 33%.@51’{ viroid
mfﬁc‘tmg a Cannabis plant, comprising: _
' collecting a sample of tissue from the Cannabis plant to ba analyzed and
Can'&a%hing a plant tissue control; |
mixing the Cannabis plant tissug with & lysing agent, a DNNRNA stabilizer, a
cempcnent for minimizing amplification inhibitors, and a pH buffer, iheraby forming a pEaﬁt
iysate _ . -
selacting a first aiégeﬂucieetide primer from the primers FiP, BIF, F3, B3 Loop F
and Loop B for hybridizing 1o the hop latent viroid nuclkeic acid sequence, the Seiecﬁtes’i
first oligonuciectide primer being conjugated to a first fluorophore at its 8 end, and a first
fluorescence guencher for the first flucrophors conjugated 1o the 3’ end of g first reverse
complementary oligonucieotide sequence 1o the selectad first oligonuclectide primer;
- selecling a secondd oligonucleotide primer from the primers FIF, BIP, F3, B3, Loop
F, and Laop Bf@r hybridizing to the plant lysale nucleic acid sequenée, the selected
second oligonuclectide primer being conjugated to a second flucrophore at s & eﬁd, and
a second fluorescence guancher for the second flucrophore c@njugaéed o the 3 end of
a second revarse complementary oligonuclectide seguence to the selected sesond
oligonuciectide primer; A -
pre-annealing the first oligonucisotide primer 1o the first reverse complementary
afiganuaieaﬁ:ide sequence thereof, and the second oligonuciectide primer to the second
reverse complementary oligonucisctide sequence theraof,
fca?mirag & R?LAMP amplification solution, comprising:
the plamnt Eysate
the primers FIP, BIP, F3, B3, Loop F, and Loop B for hybridizing to the hop iatem
v;re;d nucleic. acid sequence that were not selected;
the primers FIP, BIP, F3, B3, Loop F, and Loop B for hybracﬁszmg ia the nucieac ac’;sd
sequence far the plant transcript control that were not selected;
the pre-annealed first primer to the first reverse complementary aisgenucieatade f@r

the ﬁrst prmer for said hop latent viroid; and
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the pre-annaaled second primer fo the second reverse complementary

oligonuciectide for the second primer for said plant lysate;

heating the amplification solution for a chosen time at a single chosen tem';}eraturé,
such that said RT-LAMP ampliification reaction takes place for both the hop latent vir_'mid
and the plant lysate; ' :

cooling the amplification solution following said RT-LAMP amplification reactécnj

ifluminating the cooled amplification solution with ultraviolet Hght, having é::hﬁs&n
wa‘vaiangths such that the first fluorophores and the second flucrophore incermrated into
producis formed in said RT-LAMP amplification reaction amit ﬁmreséenﬁe radiation
having specific wavelengths; and N

observing and interpreting the specific wavelengths of the flucrescence radiation.

2. The method of claim 1, wherein the ratio of the first oligonucieotide primer to the
first reverse complementary oligonuclectide sequence thereof is 1:2, and the ratio of the
second oligonuclectide primer 1o the second and a third reverse mmpiementary
chgﬁnuciemede sequence thereof, is 1:1 and 1.5, respectively.
3. The method of claim 2, wherein the RT-LAMP amplification miutaan mc;iucies a
strand displacement DNA polymerase, a reverse tanscriplase, deoxyadenosine
triphosphate, deoxyoytidine triphosphate, deoxyguanosine triphosphate, deoxythymidine
ti’ip‘hus;ahate, maghesium sulfate, trimethylglycine, ammonium’  sulfste,
Tris{hydroxymethyllaminomsthane hydrochioride, a polysorbate nonionic smfas::téﬁt,
Betaine, dUTP and thermolabile uracll DNA glycosylase, the annealed first primer with
the first reverse complementary oligonucleotide thereof, and the annealed second primer
with the second reverse complementary oligonucieotide thereof, »
4. The method of claim 1, wherein the first primer has the sequence Qf'SEQ D NO:
1, and the first reverse complimentary oligonuclectide has the sequence of SEQ ED NG
8 or SEQ 1D NO: 9. A ’
& The mathod of aiaim 1, wherain the first fiuorophore comprises. Texas Red, and
the first fluorescence quencher is chosen from BHQZ, lowaBlack-RQ, Bi'ackgerry
Ciuene:her 850, and other quancher molecules effective for quenching light in'ths_z red
spectrum.
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8. The msthod of claim 1, wherein the second oligonudiestide grimer h‘as he
sequence of SEQ 1D ND: 10, and the sscond reverse complimentary oligonucleotide has
the sequence of SEQ 1D NO: 16 or SEQ 1D NO: 17, | o
7.  The method of claim 1, wherein the second fiuorophore comprises FAM, and the
second fluorescence quencher is chosen from BHQ1, lowaBlack-FQ, TAMRA, and othet
QUenther molecules eftective for quenching light in the gresn speotrum, _
8. The method of claim 1, whersin the RT-LAMP ampiification solution furthér
comprises deoxyuriding triphosphate.

8. The method of claim 1, wherein the RYT-LAMP ampiaﬁcat;m seiutscn further
comprises Antarctic thermolabile uracii DNA glycosylase. ‘ o
10 The method of claim 1, wherein said steps of lluminating the caé?eda aﬁmpiiﬁcatiaﬁ
salution with ultraviolet tight having chosen wavelengths, and obsenving and intefpmiing
the specific wavelengths of the flucrescencs radiation are performed using an image
acquisition system. '

11, The method of claim 1, wherein the plant lysate includes prewashed, activated
charcoal and Chelex Resin.

12, The method of claim 1, wherein the plant lysate Includes Tris-HC! buffer, EDTA,
Trehaiose, BSA, and Tween-20. ‘ ‘
13.  The method of claim 1, whersin said step of heating the amplification solution is
performed for about 80 min., and the single chosen tempersture is about 65‘}'0. A‘

14, The method of claim 1, whersin said step of cooling the amplification solution
following said RT-LAMP amplification reaction i performed for about 5 min at a
te%nperature of about 21° €.

15, The method of claim 1, whersin the ratio of first oligonuclectide primers to sesond
Qisganuciegtsde primears in the RT-LAMP ampiification solution is 1.5, |

18. The method of claim 1, wherein sald step of observing the specific waveiengths
of the fluorescence radiation is performed by visual inspection, a red, yallow, or orange
color indicating the presence of hop latent viroid, & greenish color indicating the absence
of the hop lalent virold, and the absence of fluorescence indicating a failed ampiiﬁgaﬁon
17.  The method ﬁf claim 10, wherein performing said step of observing the spacific
wavelengths of the flucrescence radiation is achieved using an image at:quisitimnéys{em
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for at least one reaction Wwbe respansive 1o at least one ﬂueraphsr& therein exg:smed ts‘:s
UV radiation, comprising:

& reaction tube holder, havin{; a top surface and a bottom swiface péraiie%
thereto, a selected distance therebetween, and a chosen number of holes f@rmed
between the top surface and the bottorn surface, whereby a portion of ‘me at Eeasi
ane reaction whe having a chosen iength and placed in a selacted haie extends
‘below the bottom surface when the fop of the at least one reaction iube is
positionsd in the vicinity of the top swrface; | |

a source of ultraviolet radiation for irradiating the portion of the at least one
reactmn tube extending below the bottom surface; , A

an axcitation filler for selecting a waveiength range of ultraviclet radiation
from said source of uliraviclet radiation effective for exciting fium‘esceme
excitation in the at least one flucrophore of the at least one reaction tube,

an imaging flter for blocking ultraviolet radiation and trahsmitﬁng
fluoresoence sxcitation from the at least one flusrophore; ' v.

& camera for receiving the transmitted fiuorescence excitation from the at

 least one flucrophore; and |

_ a camera controlier for identifying the location of the selected hole for the at

least one reaction tube. .
18. The method of claim 17, whersin said source of uitraviclst radiaﬁen SOMprises
at least one iight emitting diode having an ultraviclet radigtion peak at 308 £ 5 ﬂm‘
’ig‘ The method of claim 17, wherein said excitation filter tranﬁm;ts uitrawaﬁeﬁ
radigtion, and blocks visible light between 420 nm and 850 nm.
20, The method of claim 17, wherein said imaging filter bimcks visible light emitied
by the at least one light emitling dinde at wavelengths < 430 nm. o
21, Akifor deteg:‘;mg hop latent viroid, HLVd, nucleic acid infecting a Caﬂnabis piam
by RT~LAMP amplification, comprising:

at least one sample collection tube having a first chosen volume and a.cap,
and containing a lysing agent, a DNA/RNA siabilizer, a component for mihim%zing
amplification inhibitors, and a pH buffer,
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at least one fixed-volume micropipeite, or at Eeas‘é one fixed-volume e:a;ﬁii?ary
tube having a plunger or buib;. ' o -
at least one oplically clear reaction tube having a second chosen volume,
gach twube having a cap, and containing a RT-LAMP amﬁiiﬁcaﬁcn solution;
| a dry heating block or a water bath capable of being heated, for heating the
at least one optically clear reaction tube to about 85° C; . ‘. ,
al least one reaction plate capable of holding at least one reaction ﬁsbé; arnd
apparatus for irradiating the at least one reaction tube with uitraviclst light,
and for vi&uéiézaﬁ:isn’ of resulting fluorescence, |
22 The kit of claim 21, wherein sald apparatus for irradiating the at least one reaction
tube with ultraviolst light, and for visuglization of resulting fiuareséemé, comprises: a
visuaiizaﬁ@n enciosure having a small hole fitted with an ultraviolet filter for permitting
visualization of flucrescence from the at least one reaction fube by eys or by photography
using a mobile telephone or camera.
23 The kit Qf clairm 21, wherein said apparatus for iradiating the at least one reaction
tube with u&taavaaist hght, and for visualization of resulting fluorescence, camprzses an_
image anquisition system, somprising: . ,
a reaction tube holder, having a top surface and a bottom surface parallel
thereto, a selecled distance therebetween, and a chosen numbser é::»f holes formed
between the top surface and the bottom surface, whereby a portion of the at least
one reaction tube having a chosen length and placed in a selected hole extends
below the boltom surface when the fop of the at least ong reaction tube is
positionad in the vicinity of the top surface; | | | -
a source of ultraviolet radistion for iradiating the portion of the gt least one
reaction tube sxtending below the botfom swface; |
an excitation filter for selecting a wavelength range of uitrévidiét radiation
from sald source of ultraviolet radiation effective for 'excéti,ng fluorescence
gxcitation in the at least one fluorophore of the at least one reaction ‘tube;-
an imagiﬁg fiter for blocking witraviclet radiation and transmitting

fluorescence excitation from the st least one fluorophore:
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a camera for receiving the transmitted flucrescence excitation fmm the at
ieast one flucrophore; and :

a camera controller for identifying the location of the seiec:tedﬁ@ié for the at
ieast one reaction tubs,

24, The kit of claim 21, wherein said RT-LAMP amplification solution includes: a strand
displacernent DNA polymerase, a reverse transcriptase, deoxyadenosine triph@s@hate;
deoxycytiding triphosphate, deoxyguanosine triphosphate, deoxythymidine triphaéphateﬁ
magnesium : - sulfate, trimethylglycine, - ammonium - $uiféte,
Trisfhydroxymethyhaminomethane hydrochioride, a polysorbate nonionic surfactant,
Hetaine, dUTP and thermolabile uracil DNA glycosylase, the annealed first primer with
the first reverse complementary oligonucieotide thersof, and the annealed second primer
with the second reverse complementary oligonuclectide thereof. -
25, Akt for detecting hop latent virold, HLVd, nucleic acid infecting a bam‘?{:}‘bib piam
by RT-LAMP ampiification, comprising:

at least one sample collection tube having 2 first chosen volume and a cap, and

containing @ lysing agent, & DNA/RNA stabilizer, & component for minimizing

amplification inhibitors, and a pH buffar; o | ‘

al least one fixed-wvoliime micropipette, or at least one fixed-volume capillary tube

' having a plunger or bulb; and

at isast ons optically clear reaction fube having a second chosen volume, each tube

having & cap, and containing a RT-LAMP amplification solution. ‘ ‘
26.  The kitof claim 25, wherein sald RT-LAMP amplification solution includes: a strand
displacement DNA polymerase, a reverse trangcriptasé, deaxyadenosine Atrﬁphasphéte,
deoxyeytiding triphosphats, deoxyguanosine triphosphate, deoxythymidine triphosphate,
magnesium sulfate, trimethviglycine, ammonium suifate,
Tris{hydroxymethyljaminomsthane hydrochioride, a polysorbate namamc surfactant v
Betaing, dUTF’ and thermolabile uracit DNA glycosylase, the annealed first pﬁmer wth
the firsi reverse compiememafy sligonuctectide thereof, and the anneaéed semnd pramer
with the second reverse complementary oligonuclectide thereof,
27, A method using RT-LAMP amplification for detecting RNA from hop latent viroid
infecting a Cannabis plant, comprising the steps of:
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coliecting a sample of the Cannabis plant tissus cortaining a plant transcript
control; '
HXING the plant fissue with solid filiration components for removing am;ﬁaﬂcaﬁ:an
mhib:’iors and a sample optimization buffer, thereby forming a crude plant Eysate
pre-annealing a first sligonucleotide primer selected from the primers FIP, BIP, F3,
83, Loop F. and Loop B for hybridizing to the hop latent viroid nucieic aCid,sequence, the
selected first Oiigmnucieaﬁée primer being conjugated o a first fluorophore atits & end,
with a first fluorescence quencher for the first fluorophore conjugated fo the ¥ end of a
first reverse complementary oligonuciestide sequence o the sslected f;rsi Oizganucimt de
prsmer, forming an snnesled first primer with a first reverse mmpiementaw
cligonucleotide; |
pre-annealing a second oligonucientide primer selected from the pajimegrs} ?i?, BiP,
F3, B3, Loop F, and Loop B for hybridizing to the nucleic acid sequence for the plant
franscript cantmi,. the seiected second oligonuciestids ;}rimér being cﬁnjug‘aied o a
second flucrophore at s § end, with a second fuorescence quenchsr for the sepond
flusrophore conjugated {o the 3 end of a second reverse complementary oligonuclectide
sequence {0 the selecied second oligonucleotide primer, forming an annealed 's_ejmnd
pr;mer with a second reverse complementary oligonuciectide;
preparmg ary aguecus solution or ivophilized pellet mmprzsmg a sstrand
displacement UNA polymarase, a reverse transcriptase, degxyadenﬁsme trzphmphaﬁe,
deoxyeytidine triphosphate, deoxyguanosine triphosphate, deoxythymidine tr?phﬁsﬁphaﬁe,
dUTP and thermolabile uracll DNA glycosylase, the primers FIP, BIP, F3, B3, Loop F,
and Loop B for hybridizing to the hop iatent viroid nucleic acid seguence that were not
selected in said pre-annealing step for said first primer; the primers FIP, BIP, F3, 83, me
F, and Loop B for hybridizing to the nucleic acid seguence for the plang ts‘éﬁ&;criﬁfcmtmi
that were not selected in said prewameaiing step for said second primer; the annealed
first primer with a first reverse complementary oligonuslestide for the first primerfmm said
pre annealing step for said hop iatent virold; the annealed second primer with a $ecand
rEVerse campiemanta:y ohgonucisotide for the second primer from said pre- anneaimg

step for  said plant  transcript  control  magnesium  sulfate,  iimethylgivcine,
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Tris(hydroxymethyhaminomsthane hydrochioride, ammonium suifate, am‘ a paiysmbaﬁe
nonionic surfactant,

“adding the sampie of the Cannabis crude plant lysale cantammg 8 piant transcrs;:}t
controd fo the agueous solution or lvophilized psllet, forming an amplification saiuteen

heating the amplification solution for a chosen time at a single chosen lemperaturs,
whareby the first primer is separated from the annealed first oligonuclectide primer with
a first reverse complementary oligonucieotide from said pre-annesting stag:; for the first
pramer for hybridizing the hop latent virold nuclelc acld sequence, and whereby the
second primer is separated from the annealed second oligonuciectids primer with a
second reverse complementary oligonuciectide from said pre-annealing 3?9;5 for the
second primer for hybridizing the plant transcript control nucleic acid sequence, such that
said RT-LAMP &mpiaﬁﬁat;cﬁ reaction for both the hop latent viroid and the plant transcrspt
control take place; _ | »

cooling the amplification solution following said RT-LAMP amplification reactions for a
chosen peried of ime 3t a chosen temperature, forming a cooled ampfification solution,
whersby urveacted first raverse complementary oligonuclestides for said hop Eatent'vimiﬁ
are again anngaled {0 the unreacted first oligonucleatide primers, and wheraby uhreacﬁeﬁ
sscond reverse complementary oligonucieotides for said plant conscript control afeagain
annealed to the unreacted sacond oligonuciectide primers; ,

prﬁviding an ultraviclet ight, wherein the cooled amplification solution is Huminated
using the ultraviclet light, and wherein the uliraviclet light has a chosen wavelength sugh
that the first primers and the second primers incorporated into products formed in said
RT-LAMP amplification reactions for said hop latent viroid and said plant transeript control
emit flucrescence radiation having specific wavelengths: and

observing and interpreting the specific wavelengths of the fluorescence rédiaﬁm,
28.  The method of claim 27, whersin the first primer has a sequence of SEQ 1D NO:
1, and the first reverse complimentary ofigonuciectide has a sequence of SEQ ID ND: 8
or SEQ 1D NO: 8. |
29, The method of claim 27, wherein the first fluorophors comprises Texas Red, and

the first flucrescence gquencher is chosen from BHGZ, lowaBlack-RQ, BlackBerry
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Quencher 850, and other gquencher moleculss effective for guenching light in the red
spec‘irum.

30,  The method of claim 27, wherein the semnd cligonuciectide primer has a
sequence of SEQ 1D NO: 10, and the second reverse complimentary Oiiganuciamsde has
a Sﬁquenc:e of SEQ D NC: 16 or SEQ 1D NO: 47,

31, The method of claim 27, whersin the second flucrophore comprises FAM, and the
secord fluocrescence quencher is chosen from BHQT, lowaBlack-FQ, and TAMRA, and
ather quencher molecules effective for quenching light in the green spectrum.

32, The method of claim 27, wherein the aqueous solution or yophilized peﬁéi_ further
camprisés deoxyuridine triphosphate and thermolabile ura%:,ii DNA glycosylase, ¢

33.  The methed of claim 27, whersin the solid filtration componants ctsmpriﬁe
prewashed, activated charcoal and Chelex Resin, and wherein the sample optimization
buffer comprises Tris-HCH buffer, EDTA, Trehalose, B8A, and Tween-20.

34. The method of ciaam 27, wherein said step of heating the amphifi catmn so?u’iam is

performed for about 80 min., and the single chosen temperature s abe::ui 85“ G

35, The method of claim 27, whersin said step of cooling ihe_ amplification solution
following said RT-LAMP amplification reaction is performed for about S min. at &
lemperature of about 21° C.

3. The method of claim 27, wherein said step of observing the specific wavelengths
of the flu ?::resceﬁca radiation is performed by visual inspection, a red, ' yeiiaw or éaanga
color mdscat iy the presence of hop latent viroid, and a greenish caier ndscatmg the
absence of the hop latent viroid, v
37, The method of claim 27, wherein said steps of providing an ultraviolet iéghi and
observing the specific wavsiengths of the flucrescence radsatsoﬂ are peﬁarmed USmg an
image acguisition system comprising: \
a reaction fube holder, having  top surface and a botlom surface ;iaraiiei
thareto, a selected distance therebetween, and & chosen number of holes fﬁrmad
bétween the top surface and the bottom surface, whereby a portion of the at Ee'as‘i

ong regction tube having 2 chosen length and placed in a sslscied hole éxtends
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hefow the boltom surface when the top of the at least one reactaan mb@ is
positioned in the vicinity of the top surfacs;
‘ & source of ultraviolet radiation for irradiating the portion of the at least one
reaction tube extending below the bottom surface; | B _ |
- an excitation filter for selacting a wavelength range of uitraviolet radiation
from said source of ultraviolet radiation effective for exciting flucrescence
exctation in the at isast one flucrophore of the at least one reaction tube:
an imaging filter for blocking ultraviclel radiation and transmitiing
fluorescence excitation from the at least one fuorophore; ' |
a camera for recelving the transmitted fluorescence excitation from the at
least one flucrophare; and l ' | |
a camera controlier for identifving the location of the selecied hole for the at
least one reaction tube. v
38, The method of claim 37, wherein the source of uitraviaie{_ radiaﬁa;h comprises at
least one light emitting dinde having an ultraviolet radiation peak at 308 + 5§ nm, wherein
the excitation filter transmits ultraviclet radiation, and blocks visible light between 420 nm
and 850 nm, and wherein the imaging filter blocks visible light emitted by the at lsast one
ight emitting diode at wavelengths < 430 nim. ‘
38, A kitfor detecting hop latent viroid, HLVd, nucleic acld infecting a Cannabis plant
by RT- LAMP amplification, comprising:
at least one sample coliection tube having a cap, a first chosen vaiume e‘md
containing solid filtration components, comprising: prewashed, activated chamﬁai,
and Chelex Resin in a sample optimization buffer, comprising: Tris-HCI buffer (pH
8}, EDTA, Trehalose, BSA (Bovine Serum Albumin), and Tween-20; |
al least one fixed-volume micropipetie, or at Eeast one ’r’@xed~wiume cag:aafiary
Vv tube havmg 3 piunger or bulb;
at feast one optically clear reaction tube having & second chosen volume,
sach ube having a-cap, and containing a lyophilized reaction pellet, é@hﬁpriséﬁgz
DNA pc;iymeras;e, reverse transcriplase, deoxyadenocsine ‘friphasgjhaiep
| deoxycyﬁdine triphosphate,  deoxyguanosine  triphosphate, ﬁéOthhyiﬂid%ﬁe
triphosphate, BIP, F3, B3, Loop F, and Loop B first oligonucisotids ;':zrimésis for

38
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hybridizing with the HLVd nucleic acld sequence, BIRP, F3, B3, me'F, and L{mp
8 second cligonucteotide primers for hybridizing with the Cannabis sativa gene
nucleic acid control, an annealed first FIP primer conjugated o aﬁr&t fiucrophors
and having SEQ 1D NO: 1, with a first reverse complemantary oligonucleotide
conjugatsd to a first quencher for the first flucrophore and having SEQ 1D NO: 13,
an annealed second FIP primer conjugated with a sscond fluorophore and iwéirﬁng
SEQ 1D NO: 7, with a second reverse complementary aiégcnucie&tidé conjugatid
to a second quencher for the second fluorophore and having SEQ 1D NO: 14,
magnesium suifatg, Trés(hyérmxymethyi)amEnameihana hydmch?éride, ammonium
suﬂfate pc}tasssum chionde and Tween-20;

at least one sample collection tube holder adapted for haﬂdmg a ah@seﬂ
number of sample coliection lubes; _

a dry heating block or a water bath capable of being heated, for heatmg‘ihe
at least one optically clear reaction tube to about 85° C;

at least one reaction plate capable of holding at least one reaction tube;

apparatus for exciting and viewing fluorescence from the fiu@mpharés; iaé‘ad

at least one black reaction plate for holding reaction tubes for flucrescence

visualization. A

40, The kit of claim 38, wherein said apparatus for exciting and viewing fluorsscence
from the flucrophores, comprises: a source of UV radiation, and & vésuaiizéﬂm hox,
having a small viewing hole at the top and fitted with a safe-viewing UV blocking lens for
providing a dark environment, for viewing the fluorescence emissions by eve, o for | amage
photographing using a mabile telephone or camera., _
41, The kit of claim 39, wherein said apparatus for exciting and viewﬁng fluorescencs
from the flucrophores, comprises: an image acquisition system, ccmﬁriséﬁg"

a reaction tube holder, having a top surface and ‘a bottom surface paraiiei
thereto, a selected distance therebetween, and a chosen number sf holes fmrmed
hetweean the top surface and the bottom surface, whereby a mmm of the at laast
one reaction tube having a chosen length and placed in a selected hole extends
below the bottomn suface when the top of the at least one reaction _iuﬁ@ .‘Es
positioned in the vicinity of the fop surface;

37
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a seurce of uitraviolet radiation for radiating the portion of the at least ons
reaction tube exiending below the bottom surface; _

an excitation filter for selecting & wavelength range of ultraviclet radiation
from said source of ultraviplet radistion effective for excztmg ﬁuc::resceme
gxcitation in the at least one flucrophore of the at ieast one reaction tube

~an ;magmg filter for blocking ultraviclet radiation amﬁ transmmmg

ﬂu@re%@nce excitation from the &t lsast one fluorophore; _

a camera for receiving the transmitted fluorescence excitaﬁdﬂ fmﬁ% the at
least one flucrophore; and ' '

a camera controller for identifying the location of the selected hols for the at

least one reaction tube.

AKit for deteating hop latent viroid, HLVd, nucleic acid infecting a Cannabis plant

by RT;LAM? ampiification, comprising:

at least one, screw-capped sample collection tube having a first chosen
volume and containing solid filtration campanents comprising: prewashed
activated charcoal, and Chelex Resin in 8 sample optimization buffer, comprising:
Tris-HC! buffer (pH 8), EDTA, Trehaloss, RSA (Bovine Serum Albumin, and
Tween-20; and ' .

at least one optically clear reaction tube having a second choser volume,
each tube having an attached snap cap, and containing a lyophilized reaction
pellet, comprising: DNA polymerase, reverse anscriplase, de‘éxyademséhe
triphosphate,  deoxyeylidine  triphosphate, demiyguanosine iriﬁhasphate,
deaxythymidine triphosphate, dUTP and thermolabile uracil DNA glycosylase, B%P,
F3, B3, Loop F, and Loop B first oligonuciectide primers for hybﬁd%zing with tha
HLVd nucleic acid seqguence, BIP, F3, B3, Loop F, and Loop B second
GiigGﬁucEEGtéde primers for hybridizing with the Cannabis. saﬁ\{a gene nucleic acid
control, an annealed first FIP primer conjugated to a first fﬁuﬁmpharé as“ad‘»havéﬁg
SEQ 1D NO: 1, with a first reverse complementary oligonuclectide conjugated o
first quencher for the first fluorophore and having SEQ D NO: 13, an annealed
second FIF primer conjugated with a second flucrophore and having SEQ 1D NO:

7, with a second reverse complementary oligonuclestide conjugated to a second

a8
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quencheff@r the second fiucrophore and having SEQ 1D NO: 14, 'niagﬁesium
sulfate, Tristhydroxymethyllaminomethane hydrochioride, ammonium Suifate,
potassium chionde, and Tween-20.



WO 2024/254412 PCT/US2024/032952

1/4
@ia
Ve —1| SAMPLE PREPARATION |, .
PRE-ANNEAL HIYD g
PRIMER WITH FLUDRO- o 18 /
PHORE AND QUENCHER | A |
REACTANT STORE

| PREPARATION REACTANTS

ADD ANNEALED AND
OTHER GENE PRIVERS
X A
TO REACTANTS MIX REACTANTS AND
5 || SAMPLE IN
PRE-ANNEAL CANNABIS AEACTIONTUBE |«
PRIMER WITH FLUORD- )

20
PHORE AND QUENCHER HEAT REACTANTS AND A
M SAMPLE IN
i 7| REACTION TUBE
2

CooL
o REACTION TUBE

24
EXCITE Hﬁ,}(jﬁ@PHGHES
o BEACTEM TUBE
Vi
X VIEW FLUDRESCENCE
28

FIG.1

SUBSTITUTE SHEET (RULE 26)



WO 2024/254412 PCT/US2024/032952
2/4

5 - TexasRed - GAACAAGAAGAAGCCGAAGCAACGAAACCTACTCGABEGAG - &
6 - C0HE - JLIOLIVILOLLT - 8

f
FIG. 2A(2)

5" - TexasRed - GAACAAGAAGAAGCCGAAGCAACGAAACCTACTCGAGCGAG - 3
£ - TOHE - JLIDLIDLIOUD - 8

FIG. 2A(1)
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FIG. 2B(1)

5 - FAM - GCCOGCATCAGCTTGTGTTGACGTTGTTGTGCTTGACT - 3
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