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TECAN Trading AG, Seestrasse 103, CH-8708 Mannedorf

TC-0323P-IP
Japan

SAMPLE TUBE AND SYSTEM FOR STORING AND PROVIDING NUCLEIC ACID
SAMPLES

Related patent applications

This patent application claims priority of the Swiss Patent Application No. CH
01873/05 as well as of the US Provisional Application No. 60/739,113, both filed
on November 23, 2006. The entire disclosure of these two priority applications is
enclosed herein by explicit reference for all purposes.

Related field of technoiogy

The present invention relates to a sample tube according to the preamble of in-
dependent Claim 1 for storing and providing samples containing nucleic acid. The
present invention relates to a system according to the preamble of independent
Claim 13 having multiple sample tubes situated in individual receptacle cavities of
racks and robotically transportable together with these racks. For this purpose,
the racks preferably have an SBS footprint. These sample tubes are implemented
to store and provide multiple samples containing nucleic acid. In addition, the
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preferably 86 or 384 receptacle cavities of the racks and the sample tubes are
implemented for robotic removal of the sample tubes from these receptacle cavi-
ties. Furthermore, the present invention relates to the use of sample tubes situ-
ated in individual receptacle cavities of racks having $BS footprints and roboti-
cally transportable together therewith. The receptacle cavities of these racks and
the sample tubes are additionally implemented for robotic removal of one or
more of these sample tubes from these receptacte cavities. Moreover, the pre-
sent invention relates to the use of sample carriers for storing and providing
samples containing nucleic acid.

Deoxyribonucieic acid (DNA) in blood samples, referred to in the following in
short as "blood DNA", is used for diagnosing genetically caused diseases, for di-
agnosing and monitoring parasitic ilinesses in the biood, such as malaria, for de-
termining paternity, and for monitoring other unusuai cell popuiations in the
blood, as may occur in the event of neoplasias. In connection with the present
invention, the expression "blood DNA" is used here, all DNA sources which may
normally occur in the blood also being meant thereby. Therefore, this term also
comprises the DNA of the patient from whom the blood was taken, but aiso all
DNA in any organisms circulating in the blood of this patient.

The term "DNA sample” comprises, in addition to the above-mentioned "blood
DNA™, all samples which contain nucleic acid, whether this is deoxyribonucieic
acid (DNA) and/or ribonucleic acid (RNA). All living beings, such as humans, ani-
mals, plants, and microorganisms, but also viruses, may be used as sources for
these nucleic acids, which may additionally also be produced synthetically. The
nucleic acids may also originate from biochemical libraries,

Related prior art

A solid medium, using which blood DNA, or nucleic acid samples in general, may
be stored and transported, is known from the prior art (cf., for example, US
5,496,562). This dry medium consists of a solid matrix based on cellulose and a

compound which essentially consists of a weak base, a chelating agent for bind-
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ing metallic ions, an anionic surfactant agent or an anionic detergent, and possi-
bly uric acid or a urea salt. This medium is known under the name FTA paper and
is distributed, for example, by Whatman plc, Kent MEL6 CLS (England) under the
names WHATMAN® or FTA® TECHNQLOGY, for example. The chemicals contained
in the FTA paper lyse the blood cells and conserve the DNA. These chemicals are
activated when a biological liguid contacts the surface of the FTA paper. An addi-
tional property of this chemical treatment is the inactivation of bacteria and vi-
ruses. The samples are thus protected from contamination and growth of micro-
organisms. In addition, however, the user is protected from a possible biologicai
accident (biohazard). Normally, disk-shaped portions of this carrier medium hav-
ing a diameter of approximately 1.2 mm are stamped by hand from these FTA
papers provided with a blood sample and transferred into test tubes, The disks
are then washed step-by-step by dispensing a special cleaning agent into these
test tubes, shaking these test tubes, and then suctioning out the cleaning agent
again.

In addition to the FTA paper, filter papers, cellulose membranes, and separating
gels may alsc be used as carrier media (or simply “carriers” or "sample carriers")
for samples containing nucleic acid.

The biocod DNA may also originate from a person suspected of a crime, however.
The laboratory of the South African Police Service (SAPS) specializing in forensic
science has occupied itself with establishing a completely automated laboratory
for genetic identification. For this reason, the SAPS maintains a forensic DNA da-
tabase. A Marshall cassette is known from the SAPS, which is formed by a plastic
frame having a bar code and three wells inserted into this frame, gach having an
FTA paper. The three FTA papers are each provided with a drop of blood during
the blood sampling, which dries within a few minutes. These charged cassettes
are then transported into the laboratory. In contrast to the standard procedure
described above, the cassettes are first washed using vacuum filtration in a ro-
batic liquid handler and then dried in an incubator. Only then are disk-shaped
samples stamped out of the FTA papers and transferred into a PCR plate (PCR =
polymerase chain reaction) having 96 wells, which is provided with a bar code. A
second robotic liquid handler dispenses the normally used PCR reaction mixture
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into the 96 wells of the PCR microplate, which is then covered by a heat resistant
film. The polymerase chain reaction for enriching the DNA contained in the sam-
pes is then performed.

A large number of racks for storing and transporting sample tubes is known from
the prior art (e.g., from ABgene, Epsom, KT19 9AP, United Kingdom). in robotic
laboratories, "microtube cluster racks” are especially preferred, because these
have a footprint which corresponds to the "footprint” of a microplate according to
the $SBS standard {(SBS = Society for Biomolecular Screening) and is therefore
often referred to as the "SBS footprint”, In the meantime, this standard has been
normatized by the ANSI (American National Standards Institute) as ANSI/SBS 1-
2004, Racks having 96 microtubes are known. The current application also dis-
tributes microtube cluster racks having 96 or 384 microtubes under the trade
name REMP Tube Technology™ . These differ from the racks and microtubes from
the other prior art essentially in that the sample tubes are provided by situating
at least two racks one over another and pushing sample tubes using a manipula-
tor from the upper racks into correspondingly positioned receptacle cavities of
the lower rack. Vice versa, this transfer process may also be performed by push-
ing sample tubes using a manipulator from the bottom rack into correspondingly
positioned receptacle cavities of the upper racks (cf., for example, EP 0 904 841
B1 or US 6,827,907 B2).

The company GenVault (Carlsbad, California 92008, USA) has selected another
approach, in that it offers microplate having 384 wells, for example, which are all
connected to one another by a shared FTA paper. 384 aliquots of the same sam-
ple thus result using approximately 4 mi of a blood sample. Alternatively to this,
a disk of an FTA paper having a diameter of approximately 3.4 mm is laid in each
of the 384 wells of a micropiate, so that 384 different samples may be housed on
one microplate. Microplates, which are subdivided into six regions each having
40 aliquots are also offered as a compromise,

Objects, summary, and advantages of the invention

All methods up to this point known from the prior art, which use FTA paper are
not suitable for the robotic provision of individual DNA samples. The present in-
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vention is thus based on the object of improving the robotic provision of individ-
ual DNA samples on FTA papers or other carriers,

This object is achieved according to a first aspect in that a sample tube for stor-
ing and providing samples containing nucleic acid is suggested, which is charac-
terized in that it has an inner shoulder for receiving and a clamping body for
clamping a single portion of a sample carrier containing at least one DNA sample,
the sample carrier being selected from a group which comprises FTA paper, filter
papers, cellulose membranes, and separating gels.

This object is achieved according to a second aspect in that a system having
multiple sample tubes, which are situated in individual receptacie cavities of
racks and are transportable robotically together with these racks, is suggested
for the individual storage and provision of multiple samples containing nucleic
acid. The preferably 96 or 384 receptacle cavities of the rack, which is preferably
provided with an SB8S footprint, and the sample tubes are additionally imple-
mented for robotic removal of one or more of the sample tubes from these re-
ceptacie cavities. Each sample tube has an inner shoulder for receiving and a
clamping body for clamping a single portion containing at least one, preferably
individual DNA sample, of a sample carrier, the sample carrier being selected
from a group which comprises FTA paper, filter papers, cellulose membranes,
and separating gels. The system according to the present invention is character-
ized in that it comprises least two racks which may be situated one above an-
other and at least one manipulator, whereby the racks may be positioned one
above another in the system in such a way that at least a part of their cavities
stand one below another in the register, and whereby a manipulator is imple-
mented to push sample tubes from an upper rack into correspondingly positioned
receptacle cavities of a lower rack and/or a manipulator is implemented to push
sample tubes from a lower rack into correspondingly positioned receptacle cavi-
ties of an upper rack.

This object is achieved according to a third aspect in that the use of sample
tubes situated in individual receptacle cavities of racks having an $BS footprint
and transportable together therewith and of sample carriers for storing and pro-
viding samples containing nucleic acid is suggested. The receptacie cavities of the
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racks and the sample tubes are additionally impiemented for the robotic removal
of one or more of these sample tubes from these receptacle cavities; whereby a
portion of the sample carrier containing at least one DNA sample is stored in a
sample tube in each case and this sample tube is positioned in a receptacle cav-
ity of a rack, after which the sample tubes having the sample containing nucleic
acid are provided in a predetermined and variable number, preferably 1 through
384 sample tubes, and whereby the sample carriers are selected from a group
which comprises FTA paper, filter papers, cellulose membranes, and separating
gels. The particular portion preferably contained in an individual sample may be
attached clamped in the sample tube or simply laid in this tube, if these sample
tubes have a lower terminus. The use according to the present invention is char-
acterized in that at least two racks are situated one above another in such a way
that at least a part of their receptacle cavities stand one below another in the
register, and whersin sample tubes from an upper rack are pushed into corre-
spondingly positioned receptacle cavities of a lower rack and/or sample tubes are
pushed from a lower rack into correspondingly positioned receptacle cavities of
an upper rack, using at least one manipulator.

Additional preferred features according to the present invention result from the
dependent claims.

Advantages which result from the use of the sampie tube according to the pre-
sent invention and/or a system using such a tube comprise the following as-
pects:

° selective access to individual single samples, which are stored in individual
sample tubes in racks or have been inserted fresh into such tubes;

o arbitrary assembly of sets of these single samples;

* arbitrary combination of such sets;

" arbitrary grouping of specific samples within these sets;

® arbitrary regrouping of these sets by transferring sample tubes to other
racks.
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Brief introduction of the drawings

The sample tubes according to the present invention, the system according to

the present invention, and the use according to the present invention will be ex-

plained in detail on the basis of schematic figures of exemplary embodiments

which do not restrict the scope of the present invention. These Figures show in:

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

Figure 7

a longitudinal section of a sample tube according to the present in-
vention according to a first embodiment;

a longitudinal section of a sample tube according to the present in-
vention according to a second embodiment;

& longitudinal section of a sample tube according to the present in-
vention according to a third embodiment;

a longitudinal section of a sample tube according to the present in-
venticn according to a fourth embodiment;

a longitudinal section of a sample tube according to the present in-
vention according to a fifth embodiment;

a longitudinal section of a sample tube according to the present in-
vention according to a sixth embodiment;

a vertical section through a configuration of two parts of a sampile

tube for stamping cut a sample portion, wherein:

Fig. 7A shows placement of a sample carrier on the bottom part of
the sample tube, supported by a holder;

Fig. 7B shows stamping out of a sample portion from the sample
carrier using the blade of the upper part of the sample tube;

Fig. 7C shows clamping of the sample portion and assembily of the
two parts of the sample tube to form a seal;
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Figure 8 a reworked, three-dimensional illustration of a rack and of sample
tubes from the prior art (¢f. Figure 1 in US 6,827,907);

Figure 9 a verticai section through the configuration of at least two racks ac-
cording to the system, based on the sample tubes according to the
prasent invention, for transferring sample tubes from one rack to
another.

Detalled description of the invention

Figure 1 shows a longitudinal section of a sample tube according to the present
invention according to a first embodiment. This sample tube 2 is implemented to
store and provide sampies containing nucieic acid. For this purpose, it has an in-
ner shoulder 4 for receiving and a clamping body 5 for clamping a single portion
6 of a sample carrier, preferably containing in individual DNA sample, This sam-
ple carrier may be an FTA paper, a filter paper, a cellulose membrane, or a sepa-
rating gel. A stamped-out, disk-shaped portion 6 of this sample carrier is pref-
erably clamped at its edge between the inner shoulder 4 and the damping body.
It is not decisive whether or not the disk-shaped portion 6 is clamped around its
entire circumference between shoulder 4 and clamping body 5. The portion 6
may also have shapes deviating from a circular disk; a triangular, rectangular, or
polygonal shape of the portion 6 is aiso possible. Moreover, this portion may also
be separated from the remaining carrier medium by being cut out. It is important,
however, that at least a part of the edge of this portion {whether this is only a
few fibers of a filter paper) is clamped between shoulder 4 and clamping body 5,
so that this portion may not be flushed out of the tube during washing proce-
dures, for example, or otherwise lost.

The clamping body 5 is implemented to be situated within the sample tube 2. It
is implemented as ring-shaped here. Notwithstanding this illustration, the clamp-
ing body 5 may also be implemented as star-shaped or box-shaped. It may also
have a combination of these shapes or a grid structure. It is important that this
clamping body 5 may be situated in a friction fock within the tube 2, so that it
assumes a secure seat and clamps parts of the sample carrier between itself and
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the shoulder 4. If additional parts of the sample carrier are clamped between the
clamping body and the essentially vertical inner wall of the tube, this is entirely
desirable, because it additionally serves to fix the sample carrier in the tube.

This sample tube 2 according to the first embodiment has a lower terminus 10,
which closes the lower part of the sample tube 2. In addition, this tube is closed
at its top using a stopper 13’ or a "cap”. In this case, the caps which are offered
by the current applicant as REMP CAPMAT96 or as single such caps are especially
preferred. This sample tube 2 may also be closed at its top using a film 13 (cf.,
for example, Figure 3 or 4). In this case, closing using a fiilm applicable with
heating, which is distributed under the trade name REMP THERMO-SEAL™ by the
current applicant, is especially preferred,

Figure 2 shows a longitudinal secticn of a sample tube according to the present
invention according to a second embodiment. Like the sample tube 2 in Figure 1,
this tube is implemented as essentially cylindrical and has mostly the same fea-
tures. However, in contrast to the first tube cited, it has a blade 7 on its top,
which is capable of stamping out a portion 6 of a sample carrier to be accommo-
dated. Because of the uppermost surface of the sample tube 2, which is essen-
tially reduced to a circular line by the blade 7, closure using a stopper 13’ is more
suitable here than the use of a thermal film 13 (cf., for example, Figure 5).

Figure 3 shows a longitudinal section of a sample tube according to the present
invention according to a third embodiment. Like the sample tube 2 in Figure 1,
this tube is also implemented as essentially cylindrical and has mostly the same
features. However, in contrast to the first tube cited, this tube has a clamping
body 5 which is an essentially cylindrical top part of the sample tube 2. This sam-
ple tube 2 additionally comprises a bottom part 8 which is implemented so it may
be plugged together with this top part 5 to form a seal. The bottom part 8 of the
sample tube 2 has a blade 7 on its top end for stamping out a portion 6 of a
sample carrier to be accommodated. Like that in Figure 1, this sample tube 2 is
also closed at its top. In contrast to that tube, this sample tube 2 is closed using
a fiilm 13. In this case, closure using a film applicable with heating, which is dis-
tributed under the trade name REMP THERMO-SEAL™ by the current applicant, is
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especially preferred. The closure of the sample tube 2 may be performed already
before the stamping out of the sample portions. The use of a clear, transparent
fiim, REMP CLEAR THERMO-SEAL™, is especially preferred, because, for example
in the case of a blood DNA sample, the blood droplet may be sighted during the

)

stamping out. If the sample tube 2 is to be closed only after the stamping out
and clamping of the sample carrier, other films, such as REMP PIERCABLE
THERMO-SEAL™ or REMP REMOVABLE THERMO-SEAL™, may also be used, de-
pending on whether the film is to be pierced by the needle of a pipette during the
processing of the sample or is to be remaoved for this processing.

Figure 4 shows a longitudinal section of a sample tube according to the present

invention according to a fourth embodiment. Like the sampie tube 2 in Figure 1,
this tube is implemented as essentially cylindrical and has mostly the same fea-

tures. However, in contrast to the first tube cited, this tube has no lower termi-

nus 10 on its bottom, so that it is open on the bottom. This embodiment has the
advantage that the washing solutions may simply be flushed through. However,
it must be ensured that the neighboring samples may not thus be contaminated.
If the film 13 is implemented as pierceable by needles and self-sealing again for
this fourth embodiment, the tubes may be inverted after the thorough washing,

so that the film 13 forms the lower terminus. In addition, the inverted tube may
additionally be closed on its now open top using a film 13 or using a stopper 13",
In this embodiment, it is of the greatest importance that the sample portion 6 is
attached securely in the sample tube 2, i.e., clamped and retained,

Figure 5 shows a longitudinal section of a sample tube according to the present
invention according to a fifth embodiment, Like the sample tube 2 in Figure 2,
this tube is implemented as essentially cylindrical and has mostly the same fea-
tures. This tube alsc has a blade 7 on its top, which is capable of stamping cut a
portion & of a sample carrier toc be accommodated. Because of the uppermost
surface of the sample tube 2, which is reduced essentially to a circular line by the
blade 7, closure using a stopper 13" is more suitable here than the use of a ther-
mal film 13, However, in contrast to the tube of Figure 2, this tube has a lower
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terminus 10 on its bottom which has an outiet capillary 11 in the middle. The di-
ameter and the length of this capiliary are dimensioned in such a way that with-
out application of centrifugal forces to the tube, an excess pressure to its top
part, or a partial vacuum to its bottom part, no liquid may exit spontaneocusly
from the capillary. Thus, for example, washing liguids may be pipetted from
above into the tube and also suctioned out again from above, However, if liquid
is to come out of the capillary 11, one of the means just cited may be used to
empty the sample tube 2. To reduce the danger of contamination for neighboring
samples, this tube additionally has a peripheral droplet barrier 12.

Figure 6 shows a longitudinal section of a sample tube according to the present
invention according to a sixth embaodiment. Like the sample tube 2 in Figure 3,
this tube is implemented as essentially cylindrical and has mostly the same fea-
tures. This tube also has a clamping bedy 5, which is an essentially cylindrical
top part of the sample tube 2. This sampie tube 2 additionaily comprises a bot-
tom part 8, which is implemented so it may be plugged together with this top
part 5 to form a seal. A top part 5 which has a sleeve 9 on its bottom end for the
insertion, to form a seal, of the particular other part of the sample tube 2 is es-
pecially preferred. This sleeve 9 advantageously reinforces a tube which is thin-
walled per se. The top part 5 has a blade 7 on its bottom end for stamping out a
portion & of a sample carrier to be received. The bottom part 8 of the sample
tube 2 has a shoulder 4 on its top end for accommodating this portion 6. Like the
tube in Figure 3, this sample tube 2 is also closed at its top using a film 13.

Figure 7 shows a vertical section through a configuration of two parts of a sam-
ple tube for stamping out a sample portion. The sample tube 2 shown corre-
sponds to the sixth embodiment (cf. Figure &) and the top part 5 is preferably
closed using a clear, transparent fitm 13 of the type REMP CLEAR THERMO-
SEAL™. Three essential steps of the sample enclosure are shown:

In Figure 7A, a sample carrier is placed on the bottom part 8 of the sample tube
2, supported by a holder 19, in such a way that the DNA sample is situated prac-
tically in the axis of the sample tube. The top part 5 assigned thereto is posi-



L T e T e T e T e T s T e T s T e T s R e T e T T T s T s Y e T e, T e T e, IO e, TR e T e, T e T e TR e T e T e TR e TR e T e T e T e B s Y s B s B T T e T e T e T s T e T e B s |

[

10

15

20

25

30

(29) JP 2007-171169 A 2007.7.5

20.11.2006 / T™ -12 -

tioned so that its axis corresponds to that of the bottom part 8. For simpler
tracking and/or for visual monitoring of this procedure, the tool 20, using which
the top part 5 is guided, is implemented as transparent or has a transparent part
{not shown) at least in the area of the sample tube 2.

In Figure 7B, the top part 5 of the sample tube 2 is lowered using the tool 20.
This tool may be moved by hand or by a robot. The blade 7 at the lower end of
the top part 5 cuts off the excess part of the sample carrier - a sample portion is
thus stamped out of the sample carrier.

Inn Figure 7C, the cut-off sample portion is clamped on the shoulder 4 of the bot-
tom part 8 by the further lowering of the top part 5. In addition, the two parts of
the sample tube 2 are joined together to form a seal. If this has not vet occurred,
each sampie tube 2 may be closed individually using a film 13 or using a stopper
13", This tube may subsequently be inserted in a rack 1 {cf. Figure 8),

Instead of lowering the top part 5 or combined therewith, the bottom part 8 of
the sarmple tube 2 may aiso be raised; the orientation of the two parts 5,8 of a
sample tube 2 may also be performed by the movement of the bottom part 8
{both not shown),

Figure B shows a reworked, three-dimensional itlustration of a rack 1 and of
sample tubes from the prior art (cf. Figure L in US 6,827,907). A system having
multiple such racks 1 having an SPS footprint is also known from US 6,827,907,
These racks 1 have -~ on the basis of standard microplates — a number of, for ex-
ample, 96, 384, or 1536 individual receptacle cavities 3, in each of which a sam-
ple tube 2 is individualily situated. Large numbers of sample tubes 2 are thus
transportabie robotically together with these racks 1. This transport is preferably
performed using a microplate handler. The sample tubes 2 may be used for the
individual storage and provision of multiple samples containing nucleic acid and
are aiso themselves transportable robotically from one rack 1 to another. Any of
the sample tubes 2 known from US 6,827,907, but aiso each of the sampie tubes
2 according to the present invention, may be inserted in such racks 1 and trans-

ferred from one rack to another robotically. Each of the sample tubes 2 accord-
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ing to the present invention used in this system has an inner shoulder 4 for ac-
commodating and a clamping body 5 for clamping a single portion & of a sample
carrier containing an individual DNA sample.

For use with the racks 1 in such a system, each sample tube 2 preferably has
two parallel ribs 14 on its outer circumference, which are used for positioning the
sample tubes 2 on protrusions 15 of partition walls 16, which separate the recep-
tacle cavities 3 of a rack 1 from one another (cf. also Figure 9), by being
snapped in. While simpler systems may only accommodate one rack 1, preferred
systems comprise at least two racks 1 which may be positioned one above an-
other and at least one manipulator 17 for pushing sample tubes 2 from the upper
rack 1 into correspondingly positioned receptacle cavities 3 of the lower rack. Al-
ternatively, such preferred systems comprise at least two racks 1, which may be
positioned one above another, and at least one manipulator 17 for pushing sam-
ple tubes 2 from the lower rack 1 into correspondingly positioned receptacie cavi-
ties 3 of the upper rack 1.

The tubes from the prior art and the sample tubes 2 according to the present in-
vention may, however, also be used in those systems which use racks in three
pianes lying one above another - at the same or different stations - so that sam-
ple tubes 2 may be pushed from the uppermost rack 1 into the middie rack 1
and, simultaneously or sequentially, sample tubes 2 may be pushed from the
lowermost rack 1 into the middle rack 1.

All of these systerms may be equipped with manipulators 17 which are imple-
mented for simultaneously pushing two or more sample tubes 2. Thus, for ex-
ample, entire columns or rows of sampie tubes 2 may be transferred simuttane-
ously from one rack to another. Alternative manipulators may be implemented
for puiling sample tubes 2 out of the racks 1 (not shown).

The racks 1 preferably have an SPS footprint and are preferably provided with an
identification 18, so that the racks 1 may be identified at any time. Such an iden-
tification 18 preferably comprises a bar code, a radio frequency identification tag,
i.e., an RFID tag, or both. It is to be noted that RFID tags are especially pre-

ferred in particular, because their scope of stored information may be much
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greater than in a bar code. In addition, in contrast to the bar code, no direct vis-
ual contact is necessary to retrieve the information of an RFID tag. Moreover,
further information, such as processing of the samples which has already been
performed, may also be added to RFID tags.

Figure 9 shows a vertical section through the configuration of at least two racks
according to the system based on the sample tubes 2 according to the present
invention for transferring sample tubes from one rack to the other. Each of the
sample tubes 2 according to the present invention preferably has two parallel
ribs 14 on its outer circumference for positioning the sample tubes 2 on protru-
sions 15 of partition walls 16, which separate the receptacle cavities 3 of a rack 1
from one another, by being snapped in. These ribs 14 are also visible in Figures 1
through 7. Alternatively, each sample tube 2 may also have a horizontally run-
ning depression, in which a corresponding protrusion 15 of partition walls 18,
which separate the receptacle cavities 3 of a rack 1 from one another, may en-
gage by being snapped in. Such a depression resuits, for example, from the sixth
embodiment shown between the sieeve 9 of the top part 5 of the sample tube 2
and a shoulder at the circumference of the bottom part 8 thereof (¢f. Figures 6
and 7). In addition, such a horizontal depression may be provided at almost any
point of the sample tube 2 according to the present invention, independently of
whether it is implemented in one piece (cf. Figures 1, 2, 4, and 5) or in two
pieces (cf. Figures 3, 6, and 7).

A further alternative for positioning the sample tube 2 by being snapped in at a
predefined height in a cavity 3 of a rack 1 resuits in that protrusions on sample
tubes 2 may engage in depressions of partition walls (not shown).

An essentially vertically movable manipulator 17 is just pushing one sampie tube
2 from the uppearmost of three racks 1 into the middle rack in Figure 9, Simulta-
neously, a manipulator 17, which is aiso movable essentially vertically, pushes
precisely one sample tube 2 from the lowermost of three racks 1 into the middie
rack. This is possible because all three compartments 3 of the preferably identi-
cally implemented racks 1 are accessible in the same way from above and from
below and because the racks 1 may be positicned one above another in a system

having multiple sample tubes 2 situated in individual receptacle cavities of racks
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1 having an SPS footprint and robotically transportable together with these racks
1 for individually storing and providing multiple samples containing nucleic acid in
such a way that the cavities 3 stand one below another in the register. If one of
the racks 1 {e.g., the middie rack) is moved between the transfer of the sample
tubes 2, which may occur on a stage, for example, each of the sample tubes 2
from the uppermost or lowermost rack 1 may be pushed to any arbitrary cavity
position of the middle rack 1, if this position is not yet occupied.

Of course, in a system which only positions two racks 1 one above the other at a
time, manipulators 17 may also be used from above, below, or from both sides
{not shown), In addition, the application locations of the information 18 may de-
viate from those shown. Thus, for example, RFID tags may aiso be attached to
the interior of the racks 1, for example, where they may not be damaged by mi-
croplate handling robots,

A combination of the features shown and/or described of the sample tube 2 ac-
cording to the present invention which is obvious to those skilled in the art is
within the scope of the present invention, even if the individual feature combina-

tions are not expressly described in each case.

List of reference numerals:

rack

sample tube

recaptacle cavity

inner shoulder

clamping body; tep part
portion containing DNA sample
blade

bottom part

(X v s B e T ¥ R L~ % B

sleave

18 lower terminus
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i1 outlet capillary
12 peripheral droplet barrier
13 film

13" stopper

14 parallel rib

15 protrusion

16 partition wall
17  manipulator
18 identification
19 holder

20 tool
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What is claimed is:
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A sampile tube for storing and providing samples containing nucleic acid,
wherein the sample tube has an innar shoulder for accommeodating and a
clamping body for clamping a single portien of a sample carrier containing
at least one DNA sample, the sample carrler being selected from a group
which comprises FTA paper, fitter papers, cellulose membrane, and separat-
ing gels.

The sampie tube according to Claim 1,
wherein the portion of the sample carrier contains a single individual DNA
sample.

The sarnple tube according to Claim 1 or 2,
wherein the clamping body is implemented to be situated inside the sam-
ple tube.

The sample tube according to Claim 3,
wherein the clamping body is implemented as ring-shaped, star-shaped,

or box-shaped.

The sample tube according to Claim 1 or 2,

wherein the sample tube is implemented as essentially cylindrical and has
a blade on its top for stamping out a portion of & sampie carrier to be ac-
commodated.

The sample tube according to Claim 1,

wherein the clamping body is an essentiaily cylindrical top part of the sam-
ple tube, this sampie tube additionally comprising a bottom part, which is
implemented so it may be plugged together with this top part to form a seal.
The sample tube according to Claim 6,
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10,

11,

12.

13.

wherein the top part has a blade on its lower end and/or the bottom part
has a blade on its upper end for stamping out a portion of a sample carrier
to be accommeodated.

The sample tube according to Claim 6,

wherein the top part has a sleeve on its lower end or the bottom part has
a sleeve on its upper end for inserting the particular other part of the sam-
ple tube to form a seal,

The sample tube according to Claim 1 or 6,
wherein the sample tube has a lower terminus.

The sample tube according to Claim 9,

wherein the lower terminus of the sample tube has an cutlet capillary.

The sample tube according to Claim 10,
wherein the outlet capillary is situated centrally and the lower terminus of
the sampie tube additionally has a peripheral droplet barrier,

The sample tube according to Claim 1 or 6,
characterized in that each sample tube is closed on its top using a film or
a stopper.

A system having muitiple sample tubes, which are situated in individual re-
ceptacle cavities of racks and are robotically transportable together with
these racks, for individually storing and providing multiple samples contain-
ing nucleic acid, the preferably 96 or 384 receptacle cavities of the racks
and the sample tubes additionally being implemented for the robotic re-
movai of these sample tubes from these receptacie cavities, each sampile
tube having an inner shoulder for accommodating and a clamping body for
clamping a single portion of a sample carrier containing at least one DNA
sample, the sample carrier being selected from a group which comprises
FTA paper, filter papers, cellulose membranes, and separating gels,

7.

5
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14,

15,

16.

17.

18.

19.

wherein the system comprises least two racks which may be situated one
above another and at least one manipulater, whereby the racks may be po-
sitioned one above another in the system in such a way that at least a part
of their receptacie cavities stand one below another in the register, and
whereby a manipulator is implemented to push sample tubes from an upper
rack into correspondingly positioned receptacie cavities of a lower rack
and/or a manipulator is implermented to push sample tubes from a lower
rack into correspondingly positioned receptacle cavities of an upper rack.

The system according to Claim 13,
wherein the portion of the sample carrier has a single individual DNA sam-
ple.

The system according to Claim 13,
which comprises sampie tubes according to Claim 2, the racks having an
SBS footprint.

The system according to Claim 13,

wherein each sample tube has two parailel ribs on its outer circumference
for positioning the sample tubes on protrusions of partition walls, which
separate the receptacle cavities of a racks from one another, by being
snapped in.

The system according to Cigim 13,
wherein the manipulator is implemented for simuitaneousty pushing two or
mare sample tubes,

System according to Claim 13,
wherein the racks comprise an identification, preferably an RFID tag or
barcode.

A use of sample tubes, which are situated in individual receptacle cavities of
racks having an SBS footprint and are robotically transportable together
therewith, the receptacle cavities of the racks and the sample tubes addi-
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20.

21,

22.

23,

tionally being implemented for the robotic rermoval of one or more of the
sample tubes from these receptacie cavities; and of sample carriers for
storing and providing samples containing nucleic acid, in each case a por-
tion of a sample carrier containing at least one DNA sample being stored in
a sample tube and the sample tube being positioned in a receptacle cavity
of a rack, after which the sample tubes having the samples containing nu-
cleic acid being provided in a predefined and variable number of preferably
1 through 384 sample tubes, the sample carriers being selected from a
group which comprises FTA paper, filter papers, cellulose membranes, and
separating gels,

wherein at least two racks are situated one above another in such a way
that at least a part of their receptacle cavities stand one below ancther in
the register, and wherein sample tubes from an upper rack are pushed into
correspondingly positioned receptacle cavities of a lowar rack and/or sample
tubes are pushed from a lower rack into correspondingly positioned recep-
tacle cavities of an upper rack, using at least one manipulator.

The use according to Claim 19,
wharein the sample tubes having the samples containing nucleic acid are

provided in a predetermined and variable configuration.

The use according to Claim 19,

wherein a portion containing at least one sample is stamped out of a sam-
ple carrier using a blade, this blade being situated on the top of a sample
tube.

The use according to Claim 19,

whereip a portion containing at least one sample is stamped out of a sam-
ple carrier using a blade, this blade being situated at the lowar end of the
top part and/or at the upper end of the bottom part of a sample tube.

The use according to Claim 19,

wherein a portion containing at least one sample is stamped out of a sam-
ple carrier using a blade, this blade being situated on a manipulator of a
system for storing and providing multiple samples containing nucleic acid.
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24. The use according to Claim 19,
wherein each sample tube is closed on its top by a film or a stopper.

Abstract of the Disclosure

The present invention relates to a sample tube for storing and providing samples
containing nucleic acid, a system having multipie sample tubes (2), which are
situated in individual receptacle cavities of racks (1) and are robctically trans-
portable together with these racks (1), for individually storing and providing mul-
tiple samples containing nucleic acid, as well as a corresponding use of racks (1)
and sample tubes (2). The preferably 96 or 384 receptacle cavities (3) of the
rack (1), which is preferably provided with an SBS footprint, and the sample
tubes (2) are additionally implemented for the robotic removal of the sample
tubes (2) from these receptacle cavities (3}. The sample tubes (2) according to
the present invention are characterized in that they have an inner shoulder (4)
for accommodating and a clamping body (5) for clamping a single portion (8),
containing at least one, preferably individual DNA sample, of a sample carrier,
the sample carrier being selected from a group which comprises FTA paper, filter
papers, celiulose membranes, and separating gels,

{Figure 9)
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