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strap (18) integrally connected to the closure portion (12) and being con-
figured for defining a living hinge, a body portion (20) having a longitudinal
axis and an outer wall generally circumscribing the longitudinal ax is, and
being integrally and hingedly connected with the closure portion (12) by way
of the strap (18), the body portion (20) including a head portion (13) that has
an opening (26) through which a sample is dispensed, and a sample portion
(28) having a first outer wall dimension (OWDI1) and including a closed
distal end (30) and a wall structure (32) that includes an outer wall (34) and
an inner wall structure (36) that defines a hollow cavity (38) within which
the sample resides as a sample volume after is dispensed through the head
portion (13), the sample portion (28) being generally elongated along the
longitudinal axis and being configured for elastic deformation along a por-
tion of its length, including in a direction that is generally transverse to the
longitudinal axis so that at least a portion of the wall structure compressively
and resiliently deforms and engages a wall defining an opening in a sample
block of a polymerase chain reaction amplification device, and the first outer
wail dimension (OWD1) of the sample portion (28) reduces to a smaller
second outer wall dimension (OWD2).
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IMPROVED SAMPLE TUBE HAVING PARTICULAR UTILITY FOR
NUCLEIC ACID AMPLIFICATION

Cross Reference o Related Apglication

{901} Thix application claims priority to United States Provisional Application
Serlal Number 81/477 785, filed April 21, 2011, the entire contants thereof are

incorporated herein by rafsrernice.

FIELD OF THE INVENTION

{608} The prassnt invention relates generslly to containers, and mors
particianty to unique  resilient polymeric sample fubes for nucleic  acid

ampiification,

BACKGROUND OF THE INVENTION

{003] There s a need for sample holders that are themmally efficient in the
mamner i which heat s delivered 10 a confained sample, removed from a
cordained sample, or both. This is particularly acule in the Held of polymerase
chairn reaction amplification of nucleie acid {(e.g., DNA amplification). i such
applications, samples are exposed o a dynamic heating and cooling protocal,
Successiul amplification often relles upon fime dependent heat transfer, As a
rasull, tha sfficiency of such operations can be fimited when the mass, volume, or
langth of heat transfer of a sample is such that it impedes heat transfer within i,
and toand from i

1004} Ong appreach to sample tubes for amplification of nucleic acld has
heen {0 employ glass capilianies. While useful, the risk of breakage during use
and the inability to deform such glass tubes duwring an amplification process make
the use of glass capillaries an undesirable option, Another approach has been to
smploy polymeric sample vessels. However, the polymeric material may not
provide sufficient heal transfer to substances within the tubes and may algo fall o

provide  sufficient elasticity 1o be compresszed as necassary during the
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amplification process. Examples of such polymeric and glass sample holders
include those in U8, Patent Nos. 5,205,165, §,mé,188; 5 571,479; 5,604,101,
721,136 5,863,781; 5,058,348, 8015834, 8,188,727, 6,312 888: 6,783,028;
7.258833; and 7,748 452
fO08] There is thus a need for an improved polymeris sample tube that
provides for both sufficlent heat transfer and sufficient elasticity for use in

amplitication processas that require compression of the tube during use.

DUMMARY OF THE INVENTION

{306] The present invention meets one or more of the above needs by
providing in an improved fube, and particulardy a miniature sample twbe that
coimnprisas a closurs portion {which iself may holude & iab portion, and an
adjpining plug portion), a strap integrally connected to the closure portion and
being configured for defining a iving hings, The sample twbe may further include
& body portion having a longitudingl axis and an outer wall generally
circumaeribing the longiudinal axds, and being integrally and hingedly connected
with the closure portion by way of the strap. The bady portion may include a head
portion that has an opening through which a sample is received andfor
dispansed, and a sample pottion having a first outer wall dimension and including
a clossed distal snd. The sample portion may also include a wall structure that
includes an owler wall and an inner wall structure that defines a hollow cavity
within which the sample resides as a sample volume after # is received through
the head portion, The closed-ended hollow sample portion may be generally
glongated slong the longifudinal axis and may be corfigured for elastic
deformation along at least a portion of its length. The sample portion may be
deformable in a direction that is generally transverse 1o the longitudinal axis so
that at least a portion of the wall structure compressively and resiliantly deforms
and engages a wall defining an opening in a sample block of a polymerase chain
regetion ampiification device. Upon deformation, the first outer wall dimension of

the sampls portion may be reduced (0 a smaller second outer wall dimension.
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Da7] As will be seean, such a tube offers a unigue approach to handling &
material, and especially a biological sample. R iz sesn that, pasticularly as
employed for preparing biological samples for nucleic acid amplification, the
material {g.g., the biological sample} can readily be introduced inte the tube
without significant surface resistance, while then allowing the heat sxchange
characterigtics of the volume of the malerial to be allered by manipulation of the
tube ralative {0 a sample block of a thermocycler. That is, the mere inseition of
the tube into such a sample block can cause the tube to deform slastically, so
that the overall thickness of the sample matanial that is healed becomas thinner,

and miore efficlent for heat exchange {as compared with its original volume),

DESCRIPTION OF THE DRAWINGS

{008} Figure 1 is a perspective view of an lustrative example of the lube of
the prasent wention.

08] Figurs 2a is a side profile view of the tube of Fig, 1.

fooie]  Figure 2b iz a front view of the tube of Fig. 1.

[0011]  Figwe 3 is a top-down view of the twhbe of Fig. 1 showing the major and
minot diamsters within the fube,

o1l Figure 4a is a cross-sectional view of an illustrative exampls of a
sampls block showing the fube of Fig. 1 partially inserted info a sample block
opening.

(0131 Figurs 4b is a cross-sectional view of the sample block of Fig. 44
showing the tube of Fig. 1 fully insarted info a sample biock opening.

{0014] Figure § is & perspective view of an lHlustrative example of the tube of
the prasent invantion,

{0018} Figure 6 is 3 side profile view of the tube of Fig. B

[o018]  Figure 7 is a perspective view of an lustrative example of the tube of
the prasent invention.

[0017]  Figure 8 is a side profile view of the tube of Fig. 7.

{00181 Figure 9 is a top down view of the tube of Fig. 5.

fonts]  Figure 10 is a perspective view of the tube of Fig, 8.
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{00201 Figure 11 ts a side profile view of the twbe of Fig. 5.
o2t} Figure 12 s a front view of the tube of Fig. 5.

fooae]  Figure 13 s a sids profile view of the tube of Fig. 1.
[oa231  Figure 14 s a front visw of the tube of Fig, 1.

[0024]  Figure 15 s 3 perspsctive view of the tub of Fig. 1.
jopRs]  Figwre 18 s a front view of the tube of Fig. 7.

{002s]  Figure 17 is a rear viaw of the tube of Fig. 7.

0027 Figure 18 is a perspective view of the tube of Fig. 7.
o028 Figure 12 is a perspective view of an fllustrative example of & tube
including a stop feature i accordance with the present teachings.
jo028)  Figurs 20 iz a front view of the tube of Fig. 18

[0030]  Figure 21 is a side profile visw of the tube of Fig. 18.
{0031} Figure 22 is a top down view of the tube of Fig. 19,

DEran gD DESCRIPTION

{00327  The present teachings portain generally to an improved tubs stusturs
that exhibits refatively good heatl exchange pmfdrmance.. The tube structure thus
finds particularly altractive wlility for polymerase chain reaction nuclelc agid
amplification protocols that employ repeated thermal cyding between hotter and
cooler temperalures. The tubs struclure employs a relatively thin wall sampls
nolding portion. In certain prefered aspects of the teachings, the fube structurs
ampioys a resiliently deformable structure that allows the tube o achisve intimate
thermal commiunication {e.g., direct contacting communication} with a sample
block that is the object of rapid heating and cooling.

[0033]  Accordingly, in one aspact of the teachings thers is contemplatad a
tube, and particulatly a minkalure Wwbe for holding relatively small volumss of a
material (such as no mors than abowt 2 millliters () of a fuidic matedal (e.g., a
capacity of no more than about .18 mi}}, which makes the tube particuarly
attractive for use as a sample fube, and more specifically a biological sampla
tube, The tbe may be configwred to include a closure portion {which tself may
include a &b portion, and an adjpining plug portion), & strap integrally connected
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o the closure portion and being configured for defining a living hings, amd a body
portion. The body portion desirably has a longiludinal axis ard an puter wall
generally chrcumseribing the longitudinal axis. The body portion may be integrally
and hingedly cormacted with the closure portion by way of the sfrap. The body
portion may include & head portion that has an opening through which a sample
g dispensed. The head portion may adjoin 3 sample portion of the body portion
at a juncture {8:.g. 8 neck that has a continuously varfable slope arcund its
circurnferanse). The sample portion may have a fiest ouwter wall dimension and
may include a closed distal snd and a wall structurs that iholudes an outer wall
and an ey wall structurs that defines a hoflow cavity within which the sample
{or any other material) resides as a sample volume after it is received through the
head portion. The closed-ended hollow sample porion may be generally
glongated along the ongitudinal axis and desirably will be configurad for slastic
deformation along at least a portion of iis length, including i a direction that s
generally transvarse 1o the longiudinal axds so that at least 3 portion of the wall
strunture comprassively and resifiently deforms and engages a wall defining an
opening iy a sample block of a polymerase chain reaction amplification davice,
Upon such deformation the first outer wall dimension of the sample portion may
be reduced {e.g.. with a sample located therein} o a smaller second oular wall
dirmension.

[0034]  The haad portion may be dimensioned for Sictionally engaging the
closure portion. For exampls, the head portion may be dimensioned for
frictionally engaging the closure portion and engaging the closure portion by way
of & snap-fit or friction fil. The closure portion may be separately formed fram the
tube and/or separately attached to the tube. The head portion may be generally
sylindrical. The head portion may be circular in shape or may be generally oval in
shape. it may be generally tubular, It may have a substantially constant wall
thickness along #ts length, about g circurfersnee, or both, The head portion
may have a generally circular transverse cross-section along #s length that has
an ey diamster of abowt 3 to about 4 mim. The head portion may have a

gensvally oval transverse crosg-sestion along s langth that has an hner

i8¢
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diamater of about 3 to about 4 mm. The head portion may have a gensrally
oircuiar outer diameter. The head portion may have a genarally oval outer
diameter. it may have an outer diameter of less than about 7mm {e.q., about 5.5
to about 6.5 mim}. The head portion may be formed for pipette loading. The head
porticn may be formed so that # has sufficient space to receive alr pressurs
formed upon compression of the sample portion of the tubs. The head portion
may be located adjacent an intermadiate portion {(8.4., & juncturs),

[00a8]  The intormediate portion may be lpcated betwesn the head portion and
sample portion. The diameter of the tube may increase In moving from the
sample portion to the head portion such that the intermediate portion comprises
the portion of the Wwbe where the diameter sxpands rapidly. The intermediate
portion may have & continuously variable siope around s circiamferance. The
intermediate potion may have a constard around s circumfersnce. The
intarmadiate portion may define a neck having a taperad wall of one or more
slopes as avidenced by mulliple angles relative 1o the bottom of the ntermediate
portion where i infersects with the sample portion. The slopes may gradually and
continually vary sround the circumference of the neck portion. The intermediate
portion may be integrally formed with the sample portion and head portion ang
may also nclude a smaooth swrface with no attachments or extensions.

[o3s]  Alternatively, the infermediale portion may be formed so that at least a
portion of the tube is prevented from entering an opening in a sample hlock of a
thermocycler. More specifically, the intermediate portion may define a neck
having a diameter that exceads the diameter of the sample portion so that the
neck is prevented from entering an opening in a sample block. More specifically,
as shown for example in Figs. 1821, the intormediate portion may thus bs
formed fo include a festure or altachment thal acts as a stop to prevent the
sample tube from entering inte a sample block further than desired.

[0037]  The sample portion may have a length that is longer than that of the
head portion. For axample, the sample portion may have a length that is greater
than the length of the head portion by g factor of at least about 8. The lfength of

the sample portion may be at lsast about 20 mm. For example, it may be about
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25 1o about 35 mm {&.¢., abowt 30 mm}. The sampls portion may have a width in
art open, non-campressad state, of about 2.0 mm.

[0038]  The sample portion, along substantially the entirety of & length, may
have a transverse cross-ssction ouler profile that includes a tranaverse minor
axis and a transvarse major axis. The sample portion may have an ouwter profile
that tapers along the longitudinal axis so that it narrows as i approaches the
ciosed and of the tube {e.g. the end opposing the head portion). For example,
the sample porlion may have an outer profile that tapers gensrally continually
along substantially the antirety of the length of the sampls portion so that #
narrows in al lsast one axis fransverss to the longiudingl axis from a first outer
wall dimension 10 a second outer wall dimension that is less than about ane half
{8.g.,, about one third) of the first outer wall dimension as it approaches the
closed end of the tube.

00358  The sample portion may be defined by an interior wall that has a
generally oval oross section in a dirsction fransverse to the ongitudinal axis, for
subsiantially the entiraly of the length of the clossd-ended hollow sample portion.
By way of example, the sampls pottion may be defined by an interior wall that
has a generally oval cross section that includes a minor axds and a major axis
that is generally perpendicuiar to the minor axis, with each axes being orfented In
a direction ransverse fo the longifudinal axis and having a dimension, for
substartially the entirely of the length of the closed-ended hollow sample portion.
The ratio of the dimensions of the minor axis to the major axis at a location where
the head porion adjoins the sampls portion may be abowt 1:2 1o about 1:3.5. The
raincr axis may have a dimension of about 1 rmum at the distal end. The minor axiz
may have a dimension of about 2 mim along at least a portion of the sample
portion,

{00401  Substantially along the length of the sampls portion, the tube may have
a wall thickness of about 0.06 to gbout 0.2 mim. The distal end may have a wall
thickness that is greater than the wall thickness along the length of the sample
portion by an amount of at least about twice. The distal end may have a wall
thickness thal is greater than the wall thickness along the length of the sample
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portion by an amount of about 10 tmes or less. At abouwt the distal enyd, the tube
may be tapared fo a width of about 1.25 mm,

{41l The outer wall of the sample portion may continuously taper at a
substantially constant slope. Such laper may ocour along substantially the entirs
length of the sample portion. The sample pottion continuously tapers at a
subsstantially constant slops over a length of about 25 to about 32 mm {e.q.,
about 30 mm).

[0042]  The sample porlion may include a generally optically transparent
partion so that a reaction taking place within the sample portion can be monifored
optically through the closed end. The generally optically fransparent portion may
be structured andfor function as a lens. The closure portion andfor walls of the
tbe may be optically clear. The closure portion may be optically clear, or only &
portion of the closwre portion may be optically clear. The sample tube may be
made of a generally oplically {ransparent polymeric maderal  (ag.
polypropylene). The sample tube may be substantially free of any slectrically
conductive malerial, including any electically condustive polymer. By way of
sxample, the sample tube may be made of a polypropylens that iz sufficiently
oplically transparent over al least a portion of its length, so that a reaction taking
place within the sample portion can ba monitored optically, A region including the
distal snd may be sufficiently optically transparent, so that a reaction taking place
within the samgde portion can be monitorad optically.

{00431  As can be appreciated, the sample tube portion may thus be
configurad so that during the compressive angagemesnt an inferior volume pay
unit length of the sample tube portion at the region proximate the distal end doss
not exceed an interlor volume per unit length of the sample tubs located more
proximate to the head porion. The sample tube may be configured so that,
during the comprassive engagement, any deflection of the sample portion oocurs
refative to a generally fixed pivot reglon, The sample tube may be configured so
that, during the comprassive engagement, any deflection of the sample portion
occurs relative to 8 generally fixed pivol region and the amount of angular

deflection is less than about 45° relative to the kongitudinal axis. The sample twhe

523
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may be configured so that, during the compressive engagsment, any deflection
of the sample portion ocours relalive fo a genevally fixed pivot region and tha
ampund of angutar deflection is less than about 80° relative o the longitudinal
ads., The sample tubs may be configured so that, during the compressive
angagement, any deflaction of the sample portion ocours relative to a gengrally
fixed pivat region and the amount of angular deflection is less than about 157
refative o the longitudinal axis. The sample tubg may be configured so that,
during the comprassive engagement, direct confast belwsen opposing inney wall
portions of the sample portion s avolded. Alteratively, during the compressive
gngagement, direct contact betwean opposing inner wall pottions of the sample
partion may oceur and may promote sufficient heating and conling oyeles of a
sample. The sample tubs may be configured so that, during the compressive
engagemant, the closure remains i a closed and substantially ssaled
relationghip with the head portion.

[0od4]  The teachings herein also contemplate methods of making a tube.
According to ane mathod # s envisioned that the tubs is mads by & method that
includas a step of injection molding a polymeric material into a mold. Another
possible method includes a step of fusing two o more pre-formed portions of the
tube together to define the twba. The mathod may include a step of extruding the
sample portion and then fusing the extruded sample portion with the head
pottion. The distal end may also be fused to form the closed distal end. As can
be seen, such as when molded, the entire tube may be a unitary molded body
that is free of any fusion joint. It is possible, such as when a fusing step is used,
that the entire tube may be a unitary body that includes the head portion and the
sample portion that include a fusion joint betweean them,

[0048]  The present teachings also contemplate use of 3 tube as described.
For example, the tubes hersin may be employed to receive a guantity of a
materal. The material may be a blologics! specimen. Thus, itis possible that the
tubes hargin are employed o receive a sample for nucleic acid {(e.g., DNA andfor
RNAY amplification. The nuclele acid amplification may be performed in a

thermacyeler. For sxample, the tubes hereln may be employed to amplify 3
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sample for nuclele acid amplification in a thermocycler that has a sample block
{optionally a solid metal sample block, such as a silver sample bloek) that
includss at least one bore defined by a wall having a generally oval ransverse.
section along at lsast a portion of ity length. An example of one suitable
tharmooycler is desaribed In commonly owned and co-pending U8, Application
Serial No. 12/918,914. The tubes may bs employed in a step of ingerting the
tubss into a theymal block having one or a plurality of bores therein so that
cortact with the walls causes the tubes {0 resiliently deform {such deformation
may be temporary or permanent) so that heat exchange within the tube is more
afficient than in the original configuration {e.¢., prior to deformation) thal received
the sample.

fonds]  Tuming now o the drawings o Hlustrate examples of embodiments of
the present teachings. As shown for example in Figs 1 and 2, & sample tubs 10
i shown having a closure portion 12 {which Heelf may include 3 fab portion 14,
and an adioining plug portion 181, A sirap 18 integrally connects to the closure
portion 12 and is configurad for defining a fiving hinge. The twbe noludes a head
portion 13 to which the closwre portion 12 s attached via the strap 18, In the
open position (g.g., when the cosurs is not located within the head portion), the
closure portion and head portion may combine o form a width (W) that includes
the combined width of the closure portion 12, strap 18, and head portion 13. The
closure portion 12 may have a side wall 18 that matingly engages an innsewall of
the haad portion 13, The side wall 18 may have a length of about 2.5 mm. The
side wall 19 may be slightly angled (a.g., about 27) relative to the langiludinal
axis. An intermediate portion 17 may be localed in between the head portion 13
and body portion 28, The intermediate portion 17 may define a neck 15 having a
taperad wall of one or maore slopes as evidenced by angles {e.g., of, a2) relative
o the hottom of the Intermediate portion 17 where § intersects with 2 sample
portionn 28, The slopes may graduslly and contihually vary around the
circumferance of the neck portion. The body portion 20 has a loogitudingl axis
{LA) and an cuter wall 22 generally clrcumseribing the longitudinal sxds. The body
portion 20 is integrally and hingedly connected with the closure portion 12 by way

10
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of the strap 18. The body portion includes the head potion 13 that has an
opening 26 through which a sample is dispansed and/or received, and a sample
porion 28 having & first outer wall dimension (QWD1) {as shown at Fig 4a). The
sample portion includss a closad distal end 30 and a wall structure 32 that
includes an outer wall 34 and an inner wall 36 that defings a hollow cavity 38,
within which the sample resides as a sample volume after is dispensed through
the head portion. As seen, the closed-ended hollow sample portion is gensrally
alongated along the longitudinal axis.

(00471 With reference to Figs. 48 and 4b, it is also seen how at least the
sample portion is configured for slastic deformation along a partion of #g length,
Fig. 4a shows the tube prior fo deformation by insertion inte & sample block 24,
while Fig. 4b shows the whbe upon deformation when inserted into the sample
block 24, Specifically, Fig. 4b fllustrates how, when a force is applied {o the tube
from a direction that is generally fransverse to the longitudinal axis (such as a
force realized when Inserting such fube into arn opening of a sample block 24), at
taast a portion of the wall structure 32 compressively and resifiently deferms and
engages 3 wall 25 defining the opaning in the sample block, The first outer wall
dimension of the sample portion reduces to a smaller second outer wall
dimension (OWD2}. During compression, a fivst intemal diameter (D4} across the
tube may increase, while a second intermnal diameter (Dn) that lies perpendicutar
to the first diameter may decreasa.

[o048]  As seen, the head podion {rictionally engages the closure by way of a
stiap-fit connection structure 40, The head pottion may have a substantially
gonstant wall thickness {i) along its length, about #ts circumference, or both. As
shown for example in Fig. 3, the body portion may have a generally oval
transverss cross-section along its length that has a major axis (Apae) and a
nHnor axis (Amned. The major axis may have a dimension of about 3 o about 4
mim. The minor axis may have a dimension of about 1.5 to about 2.5 mm. During
comprassion, a first axis {e.g.. the minor axis) width may denrease while a

second axis {a.g., the major axis) width may noreass.

11
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[0048]  As shown in Figs. & and 6, the sample portion may have a length {La)
that & konger than the length (Ly) of the head portion. For example, the sample
portion may have a length that is greater than the length of the head portion by a
facior of at least about 8. The length of the sample portion may be al least about
20 mwn. For example, i may be about 25 {0 about 35 mm {a.g., about 30 mm).
[00S0]  As seen, the sample poartion has an outer profile thal tapers along the
fongiiudinal axis so that t namows as it approaches the closed end of the fube.
As shown in Fig. 2, the sample portion may have an outer profile that tapers
generally continually along substantiafly the entiraty of the length of the sample
partion. The dimension of the minor axis reduces from s original dimension at
the juncture belween the head portion and the sample portion to about one third
of the original dimension at the unclurs ag it approaches the dosed end of the
fube, The rativ of the dimensions of the minor axis to the major axis at unclure
location where the head portion adipins the sample portion may be about 1.2 to
abawt 1:3.8 The minor axis has a dimension of about 1 mm al the distal eng. At
the region about the distal end, the outer wall of the tube may be laperad to a
width of abouwt 1.25 mm.

foog1]  Substantially along the length of the sample portion, the tube may have
a wall thickness of aboud 0.08 to about 0.2 mm. The distal end may have a wall
thickness that Is greater than the wall thickness along the length of the sample
portion by an amount of at least about twice, The distal end may have a wall
thickness that is greater than the wall thickness along the length of the sample
portion by an amount of about 10 times or less. The distal end may have a wall
thickness that is substantially the same as the wall thickness along the sample
portion,

{00827 As seen in Fig. &, both the cuter wall 34 and the fnner wall 38 {which
are shown as being gencrally parallel} of the sample portion may continuously
taper at a substantially constant slope. Such taper may nccur substantially the
antire length of the sample portion. The sample portion continuously tapers at a
substantially constant slope over a length of about 28 1o about 3¢ mm {se.q.,

ahout 28 mm),
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o053 With reference to Fig. 48, the sample tube portion is configured so that
during & compressive engagemant an interior volume per unlt length of the
sample portien 28 at the region proximate the distal end does not excead an
intetior volume per unit langth of the sample tube located more proximate 1o the
head portion. The sample tube is also configured so that, during the compressive
sngagement, any deflection of the sample portion occurs relative fo a generally
fixed pivot region {e.g.. & region located belween the distal end and the logation
whers the outer wall of the sample portion contacts a sample block) Any
deflection of the sample portion may therefore ooowr relative to the genarally
fixed phvol ragion and the amourt of angular deflection {s less than gbout 487
relative to the longiudinal axis. Any deflection of the sampls portion may
thersfore ocowr relative to the gensrally fixed pivot region and the amount of
angular deflection is less than aboul 807 relative to the longitudinal axis. Any
deflection of the sample portion may thersfore ccour relative to the generally
fixed pivol region and the amount of angular deflection is less than abowt 18°
refative to the longltudinal axis. Further, as can be seen from Fig. 48, the sample
fube is configred so that, during the compressive sngagement, direet contact
between oppasing hner wall potlions of the sample portion s avoided.
Altermalively, dwing the compressive engagement, direct contact belween
cpposing inner wall porticns of the sample portion may ncour,

{0084} Further srmbodiments of the tubes are shown at Fig. 5-8. As shown in
Figs. & and §, the sample portion 28 may have a substantially constant cross
section along the longitudinal axis (LAY, such that the diameter of the tubs Dy
remains constant along the sample portion, Further, the sample portion 28 may
include opposing substantially flat walls 42 and cpposing substantially curved
walls 44. As shown for Example at Fig. §, the intermediate portion 17 may define
& neck having a taperad wall of ong or more slopes as evidenced by angles {e.g.,
o, u) relative to the bottom of the infermadiate portion where # Intersscta with
the body portion 28. Altematively, as shown in Figs. 7 and 8, the sample pottion
28 may form g substantially oviindrical apening, such that the diameter of the

sarnple portion (D4} remaing constant along the length of the length of the sample

13
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portion, The opening 26 of the head portion 13 may be airculsr such that ths
shape of the opening 28 is consistent with the shape of the sample portion 28.
[0O55]  Additional embodiments of the tubs are shown at Figs. 8-18. The
dimensions shown i the drawings are incurporatsd by reference herein as
Hustrative examples of the {eachings. The welative proportions shown in the
drawings are likewise incorporated by reference herein even # not expressly
recited in this description. For example, the drawings Hustrate & ratio of a length
of the sampls portion the a length of the head portion of approximately 8:1 so
that such g ratio is considerad o be within the scope of the teachings herein.
The ratio of a length of the sampls portion the a length of the head portion may
bg approximately 311, 211 or 111, The teachings are not limitad solaly o the
embodiments and dimensions shown in the drawings.

[aoss]  The head portion is preferably integrally formed withh the sample
portion so that both the head portion and sample portion have & smooth sutfans
with the only attachment or praojection axtending from sither the head portion or
sample portion being the closuwre portion. The head portion and ssmple portion
may be integrally formead, but may be formed with a fealure located intermediate
the head portion and sample portion that acls as a stop to assist i locating the
fube in & desired location within an opening during uss. Tha diameter of the tuhe
may expand in moving from the sample portion to the head portion to form the
intermediate portion. The sample portion, the head portion, the closure portion or
any combination thersof may be formed of a single layer of polymeric materdal.
The closed end of the tube may be circular in shape, ovoid in shaps, conical in
shape, or substantially rectangular in shape. The tube may be substantially free
of & triangular shaped closed end. The intarior of the sample portion may form a
smooth surface containing ne additional elements (.4, openings, raceptacies,
vessels, extensions, attachments, ridges) within the sample portion. The axterior
of the sample portion may form a8 smooth surface containing no additiona
elaments (2.g.. openings, receplacles, vessals, extensions, attachments, ridges)
within the sample portion. The sample portion may also be substantiafly free of
any openings {e.g.. ports). The sample portion may include only flexible walls

14
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and may be free of any rigid walls or rigid wall portions. The sample portion may
nolude only righd walls and may be free of any flexible walls or flexible wall
portions.

{00571 Whan the closwre portion 15 located into the sampls portion to seal the
tube, the top of the closure portion may be substantially flat with no attachments
or extensions lovated an the closure portion. The closure portion may include a
membrane located therson to allow for access into the tube. Allematively, the
closure portion may be substantially fres of any membrane. The closura portion
mray have an open position and a closed position. The closure portion may alsa
be substantially free of any moving patts. More specifically, the closure pottion
may be substantiaily free of any pars to assist the closure portion in securely
closing the tube. The strap connscling the clusure portion to the head portion is
praferably flexible with no means for securing the head portion v an open
position or parially open position. The strap portion may alse be free of
substantial nigidity such that the strap will be unable o support the twbe | any
atternpt is made to rest the tube on the strap or closure portion. More specifically,
the tube may be free of any mechanism by which the twbs can be supported in
an upright position withowt the assistance of 3 separate holder. The hesd portion
may include a textured swiace. The textured surface may be adapted o recsive
printed or written Information to identify patient information for a sample received
within the tube.

0088} The wbe may b a fixed oval shape which may not be deformable. The
sample pottion may be substantially free of defined edges. The sample portion
may receive non-biological. The sample portion may recelve identifving
information, which may include an RFID code. The head portion may be
substantially rigid so that it does not deform,

{0058]  As o all of the foregeoing general teachings, ag used harein, unlsss
atherwise stated, the leachings envision that any member of a genus {list) may
be excluded from the genus; andfor any member of a Markush grouping may be

gxcludad from the grouping.
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[0080]  Unless otherwise slated, any numerdoa! values reclted heraln include
all values from the lowsr value to the upper value i orements of one unit
provided that there is 3 separation of al feast 2 units between any lower valus
and any higher value, As an example, i # is stated that the amount of g
component, a property, or a value of a process variable such as, for example,
temperature, pressure, tine and the like is, for axample, from 1 to 80, preferably
from 20 to 80, more praferably from 30 o 70, # is intended that intermeadiate
range values such g3 (for exampls, 1510 85, 22 10 88, 43 to 51, 30 t0 32 efc.) are
within the teachings of this specification. Likewise, individual intermediate valuss
are also within the present teachings. For values which are less than one, ong
unit is considerad to be 0.0001, 0.001,0.01 or 0.1 as approptiate. These are only
examples of what s specifically intended and all possible combinations of
numerical values betwesn the lowest value and the highest value enumerated
arg o be considered 1o be expressly stated in this application it 5 similar
manner. As can be sean, the teaching of amounts expressed as “parta by waight”
herein also contemplates the same ranges expressed in lerms of percent by
weight, Thus, an exprassion in the Detalled Description of the lnvention of 8
range i terms of a8t X parls by weight of the resulting polymeric blend
composition” also conternplates 8 teaching of ranges of same recitad amount of ‘
)" in percent by weight of the resulting polymeric blend compasition.”

{8061} Unless otherwise stated, all ranges include both endpeints and all
numbers betwesn the endpoints. The use of "aboul” or “approximately™ in
connection with & rangs applies o both ends of the range. Thus, “abotd 20 to 30"
is intended to cover "gbowt 20 to about 30, inclusive of at least the specified
endpoints. Concentrations of ingredients identified in Tables herein may vary
+10%, or even 20% or mote and remain within the teachings.

jeos2] The disclosures of all articles and references, including patent
applications and publivations, are incorporated by reference for all purposes. The
term “consisting essentially of" v desonbe a combination shafl include ths
elements, ingradients, components or steps identified, and such other slements

ingredients, components or steps that do not materially affect the basic and noval
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charactetistios of the combination. The use of the terms “comprising” or
“ncluding” to describe combinations of elemants, ingredients, components or
steps herein also contemplates embodiments that consist essentially of, or aven
congist of the elements, ingredisnts, componants or steps, Plural elements,
ingredients, compunents or steps can be provided by a single integrated
clement, ingredient, componant or step. Altematively, a single integrated
alement, ingradient, component or step might be divided into separate plural
alements, ingrediants, companants or staps. The disclosure of “g” or “ang” {o
desuribe an slement, ingrediant, component or step is not infended 1o forsciose
additional elements, ingredients, components or steps.

[pos3} I s understcod that the above description is intended 16 he illustrative
and not restrictive. Many embaodiments as well as many applications besides the
examples provided will be apparent to those of skill in the art upon reading the
above description, The scope of the invention should, therslore, be determined
not with referance to the above descoription, but should instead be delermined
with reference o the appanded claims, along with the full scope of equivalents to
which such clalms are erditled. The disclosures of all articles and refersnoss,
inciuding patent applications and publications, are incorporated by reference for
all purposes. The omission in the following claims of any aspect of subject matter
that is distiosed herein s not a disclaimer of such subjsct matter, nor should # be
ragarded that the inventors did not consider such subject matter to be part of the

disclosad inventive subject matier.
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What is claimed is;

1} A polymeric sample tbe, comprising:

A.
D

a closure portion,

a strap integrally connected to the closure portion and being
cemfigured for defining 3 living hinge;

a body portion having a longiudinal ads and an outer wall
generatly cireumscribing the longitudinal axis, and being integrally
and hingedly connected with the closure portion by way of the
strap, the body podion including a head portion that has an opening
through which a sample is dispensed, and a sample portion having
a first outer wall dimension and including a closed distal end and a
wall strusture that includes an outer wall and an inner wall structure
that defines & hollow cavily within which the sample resides as a
sample volume after s dispensed through the head portion, the
closed- ended hollow sample portion  being generally efongated
along the longltudingl axis and being  configured for slastic
deformation along a podion of iis length, Including in a direction that
is generally tranaverse o the longitudinal axis so that af least 3
pattion of the wall structure compressively and resiliently deforms
and engages a wall defining an opening in a sample block of a
polymerase chain reaction amplification device, and the first outer
wall dimension of the sample portion reduces to a smaller second

outer wall dimensiorn.

&} The sample twbe of claim 1, whersin the closure portion includes a tab

portion, and an adjsining plug pottion.

3) The sample tube of claim 1 or 2, wharein the head portion iz dimensionad

for frictionally engaging the closure portion.

18
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4} The sample fube of clafm 1 or 2, wherein the head portion s dimensionad

&)

6)

8)

far frictionally engaging the closure portion and engaging the closure
portion by way of a shap-it.

The sample tube of any of claims 1 through 4, wherein the head portion ig

generally cylindrical,

The sample tube of any of claims 1 through §, wherain the samiple portion
hag a length that is greater than the length of the head portion by a factor

of at least abhowt 8,

The sample Wwbe of any of claims 1 through 8, wharein the sample portion,
along substantially the entiraty of its length, has a transverse cross-section
outer profile that includes a fransverse minor axis and a transverse major

axig.

The sample tube of any of claims T through 7, wharein the closed-ended
hollow sample portion has an outer profile that tapers along the
longiludinal axis so that it narrows as #f approaches the closed end of the

tube,

The sample lube of any of claims 1 through 8, wherein the sample pottion
has an outer profile that tapers generally continually along substantiafly
the entirety of the length of the sample portion so that # narrows in at least
one axis transverse lo the longiudinal axis from a first ouler wall
dimansion {0 g second outar wall dimension that is less than about one
haf {e.g.. about one third) of the first outer wall dimension as #

approaches the clesed end of the tube.

18
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101 The sample tube of any of claims 1 through 9, whersin the sample portion
is defined by an interor wall that has a generally oval cross section in a
direction transvarse o the longitudinal axis, for substantially the entirely of

the length of the closed-ended hollow sampls portion

11)The sample tube of any of olaims 1 through 10, wherein the sample
porlion is defined by an interior wall that has & generally aval cross section
that includes a minor axis and a major axis that s generally perpendicular
to the minor axis, with each axes being orierted in a direction transverse
to the longitudinal axis and having a dimension, for substantially the

entiraty of the length of the closed-ended hollow sample portion.

12)The sample tube of claim 11, wherein the ratio of the dimensions of the
mines axis 1o the major axis at a location where the head partion adjoins

the sample portion s about 1:2 to abowt 135,

13)Tha sample tube of claim 11, wherein the minor axis has a dimension of

about 1 mm al the distal end.

14)The sample tube of any of cladms 1 through 13, wherain substantially
along the length of the sample pordion, the tube has & wall thickness of

about 0.05 {o about 0.2 mm.

15)The sample tube of any of claims 1 through 14, wherein substantially
along the length of the sample portion, the wbe has a wall thickness of
about .05 1o abowt 0.2 mim, and the distal end has g wall thickness that is
greater than the wall thickness along the length of the sample portion by
an amount of at least about twice and about ten times or less.

16} The sample tube of any of claims 1 through 15, wherein at about the distal
and, the tube is tapered fo a width of about 1,25 mm.

20
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171 The sample twbe of any of claims 1 through 18, wharein the head portion
hag a generally cireular ransverse cross-section along its length that has

ary inner diaraetar of about 3 o about 4 mm.

18) The sample tube of any of claims 1 through 16, whergin the head portion
has a ganevally oval puler transverse cross-section and ganerally round
nner transverse cross section along its Jength that has an inner diamstar

aof abouwt 3o about 4 mm.

18y The sample tube of any of claims 1 through 18, wherein the outer wall of

the sample portion continuously tapers at a substantially constant slope.

20jThe sample fube of daim 19, whergin the sample portion continuously
tapars at o subgtantially constant sloge over a length of abowt 258 1o abhout

30 i {e.g., about 28 mm).

21)The sample wbe of any of claims 1 through 20, whsereln the sampls
portion includes an optically transparent portion so that a reaction faking
place within the sample portion can be monitored optically through the
closed end, or a side or a lid,

22} The sample tube of any of claims 1 through 21, whereln the sample lube
s made of polypropyiene,

23)The sample ube of any of claims 1 through 22, wherein the sample tubs
is made of a polypropylene that is sufticiently optically transparent, so that
& reaction taking place within the sample portion can be monitorad
optically.

D3
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24)The sample tbe of any of claims 1 through 28, wherein the distal end is
sufficiently optically transparent, so that a reaction taking place within the

- sample portion can be monitored optically,

25} The sample tube of any of claims 1 through 24, wherain the antive tube ig
a unitary moldad bedy that is free of any fusion joint,

28) The sample tube of any of plaims 1 through 24, wherein the entire tubs is
& unitary body that includes the head portion and the sample portion that

include a fusion joint between them.

27 Tha sample tube of any of claims 1 through 28, wharein the sample tube
portion is configured so that dwing the compressive engagemert an
interior volume per unit length of the sample Wwbe portion at the region
proximate the distal end doss nol sxceed an interior volume per unit
length of the sample tube located more proximats 1o the head portion.

28) The sample tube of any of claims 1 through 27, wherein the sample tube
portion s configured so that durng the compressive engagement, any
deflection of the sample portion ccours relative to a generally fixed pivat

ragion.

28)The sample tube of any of claims 1 through 28, wherein the sample tube
portion i configursd so that duiing the compressive sngagemsnt, any
deflection of the sample portion ccours relative to a generally fixed pivot
region and the amount of angular deflection is less than about 45° mlative

{0 the longitudinal axis.

30} The sample tube of any of claims 1 through 28, wherein the sample tubse
portion s configured so that during the compressive engagement, direct
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contact belween opposing tner wall portions of the sample porlion is

avoidad.

31) The sample ube of any of claims 1 through 30, wharein the head pottion
is formed so that sufficlent space exists 1o collect air pressurs created

when the tube is compressed.

32)The tube of any of claims 1 through 30, wherein the tubs opening i

formed for pipette loading.

33A method of making the tube of any of claims 1 through 25 and 27 through

32, comprising injection molding 8 polymeris material inte a mold,

343A method of making the tube of any of claims 1 through 24 and 28 through
32, comprising fusing twa or more pre-formed portions of the twbe together

to dafine the lubs.

38}A mathod of making the twbe of any of claims 1 through 24 and 28 through
32, whergin the mathod inchudes steps of extruding the sample portion

and then fusing the extruded sample portion with the head portion,

3a)Use of 4 wbs of any of claims 1 through 32 10 raceive a sample for nucleic

acid ampiification,

37} Use of a tube of any of claims 1 through 32 to amplify a sample for nucleis

acid amplification in a themmooyaler,

38)Use of a tube of any of claims 1 through 32 to amplify & sample for nucleic
acid amplification in a thermocycier that has a sample blogk {optionally a
solid metal sample block, such as a siiver sample block) that includes &t
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least one bore defined by a wall having 3 generally oval ransverse saction

along at least a portion of its length.
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