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Abstract 
 
The European registry LAREU is providing an online registration system for breeders and 
owners of South American camelids (SACs), free of charge. Founded in the year 2005, over 
11000 animals from more than 10 European countries are stored in LAREU’s database up to 
now, with a yearly growth of about 15%. In 2008 LAREU has suggested an international 
standard for DNA markers of SACs for parentage verification, which has been developed in 
the following years by ISAG (International Society of Animal Genetics) and is being moni-
tored by regular ring tests since then. The standard set of 14 markers is now being used by 
several European laboratories collaborating with LAREU. After giving some details on the 
main features of the LAREU registry, the new international DNA marker set is presented and 
the procedure for DNA testing and checking the parentage in SACs with the new marker set 
within the LAREU registry is described.  
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Introduction 

The transparent borders within the European Union are offering breeders of South American 
Camelids (SACs) great opportunities for improving the genetics of their animals, both with 
respect to fiber quality as well as to conformation and health. An essential factor in a success-
ful breeding program is the detailed knowledge of the animals’ ancestors, which can only be 
asserted by means of genetic information, on the basis of which a reliable pedigree can be 
built. DNA testing and parentage verification of alpacas and llamas is frequently done by na-
tional camelid associations, who have their own data bases, with no possibility (or intention) 
to share their animal data. They work together with DNA labs of their choice, who usually 
perform their DNA analyses using their favorite “private” DNA marker sets. Unless one is 
willing (and in a position) to retest parents and crias by the same lab, there is obviously no 
way to obtain reliable pedigrees for animals across associations and national borders. Another 
important aspect for the animal breeder of a unified European registry is the possibility to 
follow the pedigree of an animal, if it changes ownership and with it most likely also the na-
tional association where it was originally registered. 
 
LAREU was founded with the intention to overcome these shortcomings. The general philos-
ophy of LAREU is to provide just a registry, the creation and maintenance of stud books and 
other “quality” criteria, usually depending on the specific breeding aspects of the different 
camelid associations, should stay in their responsibility. The LAREU members have access 
only to the information on the animals which have been entered into the database by them. 
But they are free, of course, to extract material from the LAREU database and provide it to 
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their canelid association. In this respect LAREU views itself as complementary to the (many) 
national and regional camelid associations. 
In section 2 we will describe the basic functionality of the LAREU registry and present statis-
tical material from the LAREU database. In section 3 we present the new DNA marker set as 
defined by ISAG, and then describe in section 4 the procedures developed together with in-
ternationally accredited DNA laboratories to provide a transparent and reliable system for the 
camelid owner to obtain and evaluate the DNA data of his animals. Section 5 concludes this 
paper with some ideas of further plans and developments of the LAREU registry.   
 
             
The LAREU Registry 

LAREU was founded in 2005 as a truly European registry by a group of camelid owners from 
Finland, France, Germany, Italy, Sweden, Switzerland and The Netherlands. It was clear from 
the beginning that only a low-profile personnel structure would have a chance of a long-term 
reliable service. It was the idea of the founding members to create a computer-based system 
where the animal registration is done by the owners, using electronic input masks from a (at 
that time still to be created) LAREU webpage (www.lareu.org). Legally the structure of 
LAREU is that of a Swiss association, with seat in Brig/Glis, Vallais, Switzerland.  

It was very fortunate to find a provider willing to host and support LAREU’s database on an 
honorary basis: TASSO e.V., with seat in Germany. Otherwise this project would not be pos-
sible as it was planned. TASSO [1] is managing a large database for searching and finding 
lost animals, mostly cats and dogs, and is strongly engaged in animal welfare projects. All the 
programming for the database access and the corresponding services is done by the CEO of 
TASSO, together with the author of this article. The data of the animals registered with 
LAREU are entirely separated from the TASSO database, and the LAREU registration soft-
ware has been developed independently.  

Protection of privacy is an important feature of LAREU: Each animal owner creates his own 
account where he enters his breeder data (the mask to be filled is shown in fig. 1) and the data 
entered are visible only to the owner of the LAREU account.  
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Figure 1: Input mask for the registration of a new owner/breeder. Once all the data are en-
tered, pressing the “submit” button will transfer the data to the LAREU database. Each ac-
tion on the LAREU system is acknowledged instantaneously by an email generated automati-
cally without human intervention. The essential input for the flawless communication between 
LAREU and the breeder is a valid email address. 
 
As one can see from fig. 1, the language chosen for the masks and for any further interaction 
with the LAREU registration system is English. The LAREU webpage itself (other than the 
registration part which is reached by a link accessible through the menu) is not yet hosted by 
TASSO. It is maintained by the author in ten European languages, not always consistently, 
with the help of a translator team. These persons also serve as national contacts for the owners 
and breeders registered with LAREU. Once registered with LAREU, a breeder identifies him-
self by a breeder number and a password, both provided in an automatic email by LAREU 
after the first registration action. With breeder number and password (the breeder can change 
his password at any time) one can login to LAREU and start registering the animals.   
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Figure 2: Input mask for an alpaca. There are separate masks for alpacas and llamas. For 
several entries (e.g. species, color) a pull-down menu is available to facilitate the input pro-
cess. Alpacas and llamas are logged in separate registries.   

 
For the registration of his animals, a breeder has to fill another online form, as shown in fig.2 
(the “submit” button on the bottom is omitted in the picture). The registration of animals 
should generally be done by the breeder. An owner/breeder can transfer an animal to another 
owner, usually when the animal has found a new home. Several herd management options, 
such as “View” or “Change” are implemented as well. Double registration of breeders and 
animals is blocked by system, checking the names and email addresses of the breeders, and 
the transponder numbers of the animals.      
 
Search functions through the database, accessing areas of other owners (as is frequently im-
plemented in commercial registries, such as in the Alpaca Registry International, ARI, in the 
United States), will not to be provided as a matter of principle.  
    
At present (July 2013) over 1600 breeders and more than 11000 animals (7300 alpacas and 
3900 llamas) are registered in the LAREU database, coming from more than 16 European 
countries. Most of the animals are registered in France and Germany, followed by Switzer-
land, the Netherlands and Belgium. 
 
  
Development of an International DNA Marker Panel for Camelids 
 
LAREU has recognized from the beginning the importance of a Europe-wide registry, and, 
for the reasons given in the Introduction, of a world-wide standard of the DNA markers used 
for SACs. In 2007 LAREU has contacted the “International Society of Animal Genetics 
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(ISAG)”, responsible for the standardization of animal DNA typing, and suggested a research 
program with the aim of finding a suitable set of markers for SACs. During the XXXI. Con-
ference of the International Society for Animal Genetics in Amsterdam, in spring of 2008, 
representatives of the LAREU board of directors met with about 50 researchers in animal ge-
netics for a special meeting, organized and chaired by Dr. Cecilia Penedo, Veterinary Genet-
ics Laboratory, University of California at Davis (UC Davis), USA. A working group was 
created and it was decided to conduct a worldwide ring test, convened by UC Davis, to estab-
lish a suitable set of DNA-markers for parentage testing in camlids. A total of 17 laboratories 
from Europe, the United States and Australia participated in this two-year ring test. After a 
second ring test for verification of the initial results, the final marker set was published in the 
2012 ISAG conference. This set consists of 14 markers, which are shown in fig. 3. 
 

 
Figure 3: The panel of DNA markers recommended by ISAG for the DNA typing and parent-
age testing of llamas and alpacas. In the first column the marker names are shown, the sec-
ond and third columns give the start (“forward”) and stop (“reverse”) sequence of the basic 
amino acids defining the markers on the single-stranded DNA chain. The last column con-
tains the variation of repeats of base pairs lying (amongst other amino acid chains) between 
the start and stop sequences.  

 
The key to DNA identification, namely the variability of the number of base pairs in the 
markers was an important criterion in the definition of the final panel. This set is now used by 
the DNA laboratories working together with LAREU (see next section), which had to adapt 
their analysis procedures accordingly.  It is very likely that other laboratories in Europe and 
around the world will now follow this development.  
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The LAREU DNA Ordering System 
 
The ordering procedure for DNA typing and parentage verification as well as the delivery of 
the results by the DNA laboratory had to fulfill the request, as in the case for the registration 
process, of zero personnel involvement on the side of LAREU. All the “manual” work, such 
as taking the DNA sample, sending it to the DNA laboratory of his choice together with an 
order form specifying the requested services, is put into the hands of the breeder. The DNA 
laboratory executes the “manual” tasks of writing a bill for their services and transfers the 
DNA results to the LAREU database. Each of these steps is supported with the automatic 
generation of order forms, confirmation emails for the breeder and sections of the relevant 
animal information for the DNA laboratory. As an inevitable consequence, such an “automat-
ic”, web-based ordering system can only be created with a lot of expert programming work. 
This is true not only for the LAREU part, but also partly for the collaborating DNA laborato-
ries, which have to prepare their systems to communicate with the LAREU database. Still, the 
programming work on the side of the laboratory is limited to the update of the animal infor-
mation supplied by LAREU, adding the allele information for all the 14 legal markers. The 
laboratory is free to add further DNA markers beside the international standard, if it seems 
useful to them. Up to now, LAREU works together with three DNA laboratories, one in Ger-
many (Certagen [2]), one in France (Genindexe [3]) and one in the Netherlands (Van 
Haeringen BV [4]). All of them are internationally accredited according to the ISO17025 
standard. The breeder has the option to choose a laboratory through a menu provided by the 
LAREU system, where links to the laboratories in general and to the prices in particular are 
provided. The laboratories have agreed to give special price reductions to LAREU members.       
 
In order to enable the breeder to collect the DNA material from his animals, LAREU has pro-
posed a simple, non-invasive method, using so-called “swabs”, a kind of Q-tip-like cotton 
stick, named Genotube Livestock (see fig. 4), produced by Prionics [5]. The swab comes in a 
plastic tube and can be removed from the tube by a small plastic handle. The swab is removed 
from the tube and introduced into the nose of the animal, some 5-6 cm deep, and rubbed vig-
orously up and down the nasal wall to collect the DNA material. The swab is then placed back 
into a plastic tube and can then be sent to the laboratory.  
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Figure 4: Swab by Prionics [5] used for collecting the DNA sample from an animal. The 
swab can be ordered through the DNA laboratory, using an ordering form provided by the 
LAREU system. The swab carries a unique number for proper identification.  

 
The swabs can be ordered through the DNA laboratory, an ordering form in pdf format con-
taining the breeder’s return address as well as the address and the fax number of the chosen 
DNA laboratory is appended to the order confirmation email. The breeder only needs to enter 
the number of desired swabs and his signature (signed order forms were a request from the 
laboratories to initiate the business relation). All negotiations are therefore done between the 
breeder and the laboratory, without any intervention from LAREU, except for the necessary 
(and automatic) production of ordering forms and the animal / DNA information transfer to 
and from the laboratory.  
 
The DNA typing for an animal then proceeds as follows: A list of animals without DNA typ-
ing is shown by the system and the animal to be DNA-typed is selected. The selection is con-
firmed by an email with two pdf-Files appended, which must be printed out. One of the pdfs 
contains the DNA order with the animal information, the address of the laboratory, and the 
breeder’s address as entered it into the LAREU database. The order is in two languages: Eng-
lish and German for Certagen, English and French for Genindexe, and English and Dutch for 
Van Haeringen BV. The second page of the pdf contains the order form for the swabs (see 
above). On the DNA order form the breeder only has to note down the date of the DNA sam-
pling, the serial number of the swab, and the date of the submission. With the breeder’s signa-
ture he also authorizes the laboratory to transmit the DNA data to the LAREU database. The 
second pdf contains a bar code together with the name of the animal to be DNA-typed and its 
LAREU number, which the breeder has to cut out and glue onto the swab tube for unique 
identification in the laboratory. The same bar code is also printed onto the ordering form con-
taining the animal data. 
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Figure 5: Detailed view of the animal data within the LAREU system, containing also the 
DNA information. The DNA Type No. is generated automatically during the data upload. 

 
When the laboratory receives the order form, it will send an invoice to the breeder’s address 
as given on the form. After payment is received, the DNA typing is carried out and the DNA 
data are uploaded to the LAREU data base. When this happens, the breeder will receive an 
email from LAREU stating that he can now inspect the DNA data of his animal. The DNA 
data established by the laboratory can be found at the bottom of the detailed view of the ani-
mal. The full DNA information is given by three lines, where the allele lengths for each 
marker are displayed (see fig. 5). The LAREU system also generates a DNA number (“DNA 
type No”), which will appear in the detailed view as well. The LAREU DNA type number has 
the following format: Lyyll000xxx, where yy notes the year of the test, “ll” the laboratory 
number, and “xxx” the internal order number within the LAREU system. A typical DNA type 
number will look like this: L1222000495, as can be seen in fig. 5.  
  
In general the parents have already been DNA-typed and the breeder now wishes to verify the 
parentage for his cria, for which he has sampled the DNA using the swab according to the 
description above. DNA typing plus parentage verification can be selected in a mask by 
checking the boxes for “mother” and / or “father”. These boxes can only be checked when the 
DNA-typing has already been done in the LAREU system, see fig. 6. 
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Figure 6: Mask for ordering DNA-typing and optionally parentage verification. Mother or 
father or both can be selected only, if they are already DNA-typed. 

 
Parentage verification can also be done in a separate step after DNA-typing. In this case no 
DNA-material has to be sent in. As proof of the correct verification of the parents, the 
LAREU DNA number will receive an appendix with “FV” if the father was verified, and 
“MV”, if the mother was verified. A typical DNA number with both parents verified will look 
like this: L1223000278FVMV. In case the parentage could not be confirmed, this will be stat-
ed in the confirmation email and no appendix to the LAREU DNA number will be generated. 
 

 
Conclusions  
 
The LAREU registry is running now successfully for more than six years and the number of 
registrations is showing a constant increase of 15-20 % each year. New features of the registry 
are being added, the most recent one (and the most complex one so far concerning the infor-
matics side) has been the DNA ordering, working closely together with three renowned DNA 
laboratories in Europe. Registration with LAREU has been free of charge and it will stay like 
this, based on the continued enthusiasm and dedication of the key players in the system de-
velopment. LAREU’s registry, and the DNA project in particular, has a piloting function in 
demonstrating the great advantages of a unified system across Europe’s borders. There are 
still a number of further projects on the LAREU’s to-do list, such as an “infinite pedigree” 
which would allow following the ancestry over an unlimited number of generations. Another 
project is to offer the registration system in several languages (English, French and German 
seem a natural choice to start with).  
 
One of the important projects of the LAREU registry, which was not mentioned so far, could 
not be offered for free: LAREU has created, starting in the year 2006, the production of an 
animal passport, modeled along the lines of the equine passport. It took some years to make 
the value of the camelid passport evident to the breeders, but now the numbers of ordered 
passports is rising quite strongly. It is hoped that the conscious community of breeders and 
owners of alpacas and llamas will also discover soon the value of a verified ancestry. 
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