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1. Introduction

1.1	 General 	

The qPCR HLVd se t e nable s the de te ction of Hop late nt viroid 
(HLVd) with a duplex re al-time RT-PCR. Viroid RNA of HLVd, ex-
tracte d from hop or he mp sample s, is amplifie d with a spe cific 
primer pair in a one -ste p RT-PCR re ac tion. The  amplification of 
the cDNA can be monitore d in re al time, be cause the spe cific 
probe s are labe le d with fluorophore s (HLVd: FAM). An inte r-
nal positive control (IPC) is de sig ne d to de te ct a cytochrome  
oxidase  (COX) g ene  se quenc e  with a fluorophore -labe le d (IC: 
ROX) spe cific probe . The  control shows whe ther  the  extrac tion 
of sample s, the reve rse transcription and the amplification of 
the R NA worke d a s inte nde d.
The qPCR se t include s a lyophilize d HLVd Lyo RT-qPCR Maste r 
Mix 2x which comprise s the reve rse transriptase (RT), the DNA 
polyme rase a s w e ll a s t he p rime r and p robe s. 
The qPCR HLVd se t was deve lope d and validate d by BIO-
REBA. Suitable tissue source s of viroid RNA are hop/ he mp 
le ave s. For the extraction of RNA, it is re comme nde d to use  
standard RNA extraction protocols e stablishe d for plant ma-
te rial. Upon re que st, BIOREBA can re comme nd an optimal 
extrac tion me thod.

1.2	 Information: HLVd	

Hop late nt viroid (HLVd)  was me ntione d the first time in 
1988 and was found  in comme rcial hop varie tie s (Humulus 
lupulus) in Spain (1). Since this viroid did not induce any visible  
dise ase symptoms in hops, it was name d " Hop late nt viroid"  
(2). Worldwide surve ys reve ale d the pre se nce of HLVd in most 
of the te ste d hop cultivars (2). Althoug h HLVd-infe cte d hop 
plants are  sympt omle ss, infe ction significantly re duce s yield as 
we ll as bitter  ac ids and terpene  conten t of hop cone s, which 
drastically incre ase s t he e conomic impact o f the v iroid (3).
In he mp (Cannabis sativa), HLVd has be e n first obse rve d in 
California (USA) in 2017 and was found to be the causative  
ag en t of the  formerly calle d "duds"  or "dudding  dise ase" . This 
dise ase has be come the most devastating cannabis dise ase  
in cannabis-g rowing are as. Obse rve d symptoms are shorte r 
internodal spac ing , smaller  le ave s, stunting , malformation, 
chlorosis, brittle ste ms, re duce d vig or, lowe r wate r intake, 
re duce d flowe r mass and trichome s (3). The se symptoms are  
re fle cte d in yie ld and loss of quality with up to 50% re duction 
of cannabinoid and terpene  production (3).
HLVd be long s to the g e nus of Pospiviroidae, one out of the  

two curre ntly known viroid familie s. Viroids are ve ry small, 
prote in-fre e and plant pathog e nic RNA mole cule s, that 
are pre dominantly known to cause dise ase s in plants. HLVd 
has a covale ntly close d structure with circular RNA of 256 
nucle otide s (4).
HLVd can be transmitte d ove r long distance s and can be  
introduce d into hop and he mp by infe cte d propag ative  
mate rials and transmits me chanically, by g rafting or by  
ve g e tative propag ation (5). To date , HLVd transmission by  
ve ctors is not known, transmission by polle n or se e ds has be e n 
re porte d a s b e ing l ow o r e ve n non-existing (4).

1.3	 Special handling instructions	
 
Pe rform the te sts in an RNase -fre e work e nvironme nt. Always 
we ar g love s whe n handling sample s containing RNA and the  
com ponen ts of the  se t. Do not touch any se t com ponen ts 
with an ung love d hand. Ke e p all compone nts tig htly se ale d 
whe n not in use . Use appropriate laboratory disposable parts. 
In particular, use nucle ase -fre e tube s and filte r tips to avo id 
RNA de g rad ation and cross-contamination.
Do not use  com ponen ts from se ts with differen t lot number s 
in the same te st proce dure . In orde r to avo id cross-contam-
ination and obtain re liable re sults, it is e sse ntial to strictly 
follow the protocol in this manual. Avoid unne ce ssary fre e ze -
thaw c ycle s o f t he s e t c ompone nts.

1.4	 Warranty and liability	

BIOREBA produ cts are  gu aranteed  to mee t the  speci fica-
tions de scribe d on the product ce rtificate of analysis and in 
the use r g uide , which is include d with e ve ry shipme nt. No 
furthe r warrantie s are g ive n. If you have any que stions about 
spe cifications or per formance, ple ase  contac t our ad ministra-
tive o ffice (admin@biore ba.ch).

Our products are for laboratory use only and are not inte nde d 
for human or animal applications. Should a product fail 
for re asons other  than inappropriate  handling  or misuse , 
BIOREBA will re place the product fre e of charg e or re fund 
the  purchase  price .

BIOREBA shall not be liable for any dire ct or indire ct, spe cial or 
conse que ntial damag e of any kind re sulting from the use of 
our produ cts.

2.	Intended use
The qPCR HLVd se t is validate d for the simultane ous de te c-
tion (multiple x) of Hop late nt viroid (HLVd) and a cytochrome  
oxidase (COX) g e ne se que nce which se rve s as inte rnal posi-
tive control (IPC) by one -ste p re al- time RT-PCR. Suitable tis-

sue s are hop/ he mp le ave sample s. Sample s of up to 25 le ave s 
can be poole d for RNA e xtraction and analyze d according to 
this qPCR protocol.
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Components

Sales Part No. Product name Colour of
screw cap Name Volume

899601
qPCR HLVd

set 96

Blue

Black

Red

White

HLVd Lyo RT-qPCR Master Mix (2x) Art. No. 890101

Reconstitution Buffer for Lyo RT-qPCR Art. No. 831414

HLVd qPCR positive control (PC) Art. No. 890054

qPCR negative control (NC) Art. No. 830044

Nuclease-free water Art. No. T143.4

2x 525 µl 

1.05 ml

30 µl

30 µl

1 ml

3. Format, content, storage conditions and quality

3.2	Storage conditions

Store all qPCR components (Lyo RT-qPCR Master Mix, posi-
tive control, negative control, Nuclease free Water) at -20° C. 

3.3	Lot-to-Lot consistency

Quality control of the qPCR se t is pe rforme d base d on pre -
de termine d spe cifications to en sure  consisten t product qual-
ity. Se e  lot-de pend en t cer tificate  of analysis include d with the  
shipm en t.

4. Specificity and Sensitivity information

4.1	 Specificity

The prime r pair use d in this product spe cifically amplify a 113 
base pair (bp) frag me nt o f t he H LVd c ircular RNA. 

The qPCR HLVd se t is suitable for de te cting HLVd in hop/
he mp l e ave s.

All isolate s of HLVd te ste d so far can be de te cte d (isolate s 
from locations in S witze rland, C ze ch Re public a nd S lowe nia).

No cross re activity was obse rve d with the following viruse s 
(AMV, ArMV, BYDV, CMV, ErLV, GLRaV-4, GLRaV-6, PLRV, 
RBDV, SLRSV, TMV and TRSV) and no ne g ative e ffe ct was ob -
se rve d f rom host m atrix p lant s pe cie s (hop a nd h e mp).

4.2	 Sensitivity

The se nsitivity of this product is hig h and was te ste d with 
le ave sample s from hop and he mp. The limit of de te ction for 
all te ste d s ample s a nd i solate s rang e d f rom 1 0 -3 to 10 -4.

For le ave s scre en ing  or routine  te sting  in g re enhou se s, we  
mixe d l e ave s o f o ne H LVd-infe cte d p lant w ith le ave s f rom d if-
feren t number s of he althy hop/hem p plants. The  sen sitivity 
of the qPCR HLVd se t for the distinct mixing ratios was as fol-
lows:
• Infe cte d p lant: C t 2 3.95
• Mixe d s ample 3 p lants (1 infe cte d a nd 2 h e althy): C t 2 4.02
• Mixe d s ample 5 p lants (1 infe cte d a nd 4 h e althy): C t 2 4. 33
• Mixe d s ample 1 0 p lants (1 infe cte d a nd 9 h e althy): C t 2 5.95
• Mixe d sample 25 plants (1 infe cte d and 24 he althy): Ct 27.03

Full validation d ata i s av ailable o n re que st.

5. Materials and equipment required (not provided)

RNase -fre e fi lte r t ips a nd m icropipe tte s
Optical g rade R Nase -fre e t ub e s/plate

Disposab le l ate x o r vinyl g love s
The rmal c ycle r for re al-time P CR
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6.	Protocol

Please pay attention to the following points:

		 The p rotocol in this m anual must b e f ollowe d.

		 Cre ate a n RNase -fre e e nvironme nt by c le aning t he b e nch w ith 1 % b le ach followe d by 7 0 % e thanol.

		 Glove s m ust b e w orn a t a ll t ime s.

		 Use n ucle ase -fre e t ube s a nd fi lte r tips.

		 Use a ppropriate e ye p rote ction a nd w e ar p rote ctive c lothing .

		 To avo id c ross-contamination, u se s e parate r ooms f or  
	 a) nucle ic a cid e xtraction,  
	 b) pre paration o f t he M aste r Mix a nd  
	 c) amplification.

		 Avoid u nne ce ssary f re e ze -thaw c ycle s o f t he q PCR compone nts.

6.1 RNA extraction
	
For the extraction of RNA it is re comme nde d to use standard 
RNA extrac tion protocols e stablishe d for plant mater ial. Upon 
re que st, BIOREBA can re comme nd an optimal extraction 
me thod .

6.2	 Preparation of the qPCR samples	

1. Slowly thaw the kit components on ice or at 4°C. Thereaf-
ter the components should always be kept on ice.

2.  Add 525 μl Reconstitution Buffer for Lyo RT-qPCR to the 
tube with the HLVd Lyo RT-qPCR Master Mix 2x. Resuspend 
the lyophilized Master Mix by pipetting up and down until 
the solution is clear. 
Only resuspend as many tubes lyophilized Master Mix as re-
quired at the time, since the the Master Mix is most stable in 
its lyophilized form*.

3. Shake t he t ub e s b rie fly, a nd s pin d own t he l iquid. 

4. To pre pare the re action mix, first de te rmine the numb e r 
of re actions and the n incre ase the numb e r by 1 or 2 to have 
enoug h volume  for all re ac tions.

5.  Pre pare the re action mix (without RNA te mplate ) by  
combining the compone nts of the se t to re ach a final vo l-
ume o f 2 0 µ l p e r re action (se e Tab le 1 ). 

6.  Add the re action mix (without RNA te mplate ) to e ach 
PCR tub e o r we ll o f a n o ptical-g rade P CR p late .

7. Add 2 -5 µ l RNA t e mplate t o t he r e action mix.

8.  Se al the PCR tub e s or PCR plate s, ce ntrifug e b rie fly to  
colle c t compone nts at the b ottom of the PCR tub e s or we lls.  
Prote ct from lig ht b e fore  the rmocycling.

Table 1: Preparation of reaction mix

Component Volume

HLVd  Lyo RT-qPCR Master Mix 2x 10 μl

RNA Template / PC / NC 2 – 5 μl

Nuclease-free water to reach a final reaction 
volume of 20 μl

*Avoid repeated freeze-thaw cycle of the resuspended Lyo RT-qPCR Mix. 
Unused portion can be divided into aliquots and frozen at -20° C for later 
use.
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6.3 Thermal cycling

Place the PCR tube s or PCR plate in a the rmocycle r. Start cy-
cling a ccording t o t he p rog ram b e low (Table 2 ).

6.5  Amplifi cation of typical samples 

The g raph b e low shows the amplifi cation curve of a HLVd-
infe cte d sample . No amplifi cation was de te cte d in the  
he althy control sample and the " no te mplate control" (NTC).

6.4 Monitoring the PCR amplifi cation

To monitor PCR amplifi cation in re al-time, an appro priate  
ther mocycler  is re quire d, which can me asure  the  fl uore scenc e 
of the  following  fl uorophore s:

Dye Virus/Control Max. Ex (nm) Max. Em (nm)

FAM HLVd 49 5 52 0

ROX COX (IPC) 576 601

Table 3: Fluorophores overview

Ple ase re fe r to the manufacture r's manual for information 
on prog ramming the ther mocycler, monitoring and e valu-
ation.

Evaluation criteria
In orde r to disting uish positive from ne g ative sample s we 
re comm end  taking  the  following  criter ia  into ac cou nt:

A) The C t v alue
B) The P CR e ffi cie ncy
C) The d e lta R FU

(the  differ enc e  b e twe en  base line  and fi nal RFU)

The rang e of value s for e ach of the ab ove can b e de te r-
mine d for e ve ry channe l by me ans of a dilution se rie s of a 
known sample.

infected hemp leaf   healthy hemp leaf  NTC

7. References

(1) Pallas, V., N avarro, A ., & F lore s, R. (1987). Isolation o f a v iroid-like R NA from hop d iffe re nt f rom hop s tunt v iroid. J ournal
of G e ne ral Virolog y, 6 8(12), 3 201-3205.

(2) Puchta, H., Ramm, K., & S äng e r, H. L. (1988). The m ole cular s tructure o f hop l ate nt v iroid (HLV), a n e w v iroid o ccurring
worldwide i n hops. N ucle ic a cids re se arch, 1 6(10), 4197-4216.

(3) Barbara, D. J ., M orton, A ., Adams, A . N ., & P. G REEN, C . (1990). S ome e ffe cts o f hop l ate nt v iroid o n t wo c ultivars o f
hop (Humulus lupulus) in the U K. A nnals o f a pplie d b iolog y, 117(2), 3 59-366.

(4) Adkar-Purushothama, C . R., S ano, T., & P e rre ault, J . P. (2023). Hop L ate nt Viroid: A H idde n Thre at t o t he C annabis
Industry. Viruse s, 1 5(3), 6 81.

(5) Lavag i, I., M atouše k, J ., & Vidalakis, G . (2017). O the r cocadviroids. In Viroids a nd s ate llite s (pp. 2 75-287). Acade mic
Pre ss.

6     qPCR HLVd s e t – Use r Guide

Table 2: PCR cycling conditions

Step Cycles Temperature Time

Re ver se  Transcription 1 50 °C 20 m in

RT inactivation 1 95 °C 5 m in

De nat uration
Anne aling /Exten sion

40 95 °C
60 °C

15  se c
30 s e c
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