
Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
81

2 
47

0
A

2

(Cont. next page)

*EP003812470A2*
(11) EP 3 812 470 A2

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
28.04.2021 Bulletin 2021/17

(21) Application number: 19826388.1

(22) Date of filing: 01.02.2019

(51) Int Cl.:
C12Q 1/6806 (2018.01) C12Q 1/686 (2018.01)

C12Q 1/6844 (2018.01) C12M 1/24 (2006.01)

(86) International application number: 
PCT/CN2019/074312

(87) International publication number: 
WO 2020/001030 (02.01.2020 Gazette 2020/01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
KH MA MD TN

(30) Priority: 26.06.2018 CN 201810669579

(71) Applicant: Ustar Biotechnologies (Hangzhou) Ltd.
Binjiang District
Hangzhou
Zhejiang 310053 (CN)

(72) Inventors:  
• YOU, Qimin

Zhejiang 310053 (CN)
• HU, Lin

Zhejiang 310053 (CN)
• QI, Chen

Zhejiang 310053 (CN)
• YU, Junwei

Zhejiang 310053 (CN)

• YU, Zhujun
Zhejiang 310053 (CN)

• WANG, Sha
Zhejiang 310053 (CN)

• JIN, Rongyu
Zhejiang 310053 (CN)

• WANG, Daisang
Zhejiang 310053 (CN)

• CHEN, Sisi
Zhejiang 310053 (CN)

• HE, Junli
Zhejiang 310053 (CN)

• CHEN, Jing
Zhejiang 310053 (CN)

• RAO, Huanxin
Zhejiang 310053 (CN)

• ZHOU, Yanqiong
Zhejiang 310053 (CN)

• YANG, Fan
Zhejiang 310053 (CN)

(74) Representative: Doherty, William et al
Albright IP Limited 
County House 
Bayshill Road
Cheltenham, Glos. GL50 3BA (GB)

(54) NUCLEIC ACID INTEGRATED DETECTION METHOD AND DETECTION REAGENT TUBE

(57) An nucleic acid integrated detection method and
detection reagent tube are provided, which comprise the
following steps of: separating a lysis solution, a cleaning
solution and a reaction solution in a detection reagent
tube by providing a plurality of separation plugs in an
over-under arrangement and disposing a hydrophobic
layer in liquid or solid phase on each separation plug;
adding a sample into the lysis solution, mixing well and
then lysing; extracting nucleic acid in the sample using
magnetic nanobeads; and then driving, by an external
magnet, the magnetic nanobeads carrying the nucleic
acid to sequentially pass through each hydrophobic layer
along a magnetic bead channel in an inner wall of the

detection reagent tube and into the cleaning solution and
the reaction solution to realize a cleaning and amplifica-
tion for the nucleic acid, wherein a biological agent re-
quired in the reaction solution is stored in the separation
stopper above the reaction solution; and finally, detecting
the nucleic acid of the sample by an external device using
an optical detection method, thus realizing a plurality of
steps of nucleic acid extraction, cleaning and amplifica-
tion reactions in the same detection reagent tube. The
invention presents advantages of reduced detection er-
rors and operational difficulty.
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Description

Technical Field

[0001] The invention relates to a nucleic acid detection
method and a reagent tube, in particular to a nucleic acid
integrated detection method and a detection reagent
tube.

Background Art

[0002] Laboratory nucleic acid detection has a short
cycle and its sensitivity and specificity is comparable with
that of a culture method; at present, a nucleic acid de-
tection reagent tube is usually used in the nucleic acid
detection for a sample. In existing nucleic acid detection
tubes, a lysis solution, a cleaning solution and a reaction
solution are usually separated by solid separation layers
which are then heated and melt so that magnetic beads
carrying nucleic acid can pass through the separation
layers for corresponding operations. However, the nu-
cleic acid is sensitive to changes in temperature, thus an
operator needs to strictly control a heating area to reduce
influence of the changes in temperature on nucleic acid,
which will increase operation difficulty. Meanwhile, the
existing detection tubes are easily interfered by many
factors (for example, the interference of temperature on
nucleic acid), resulting in a large error in an existing de-
tection result. Therefore, it exists problems of a large de-
tection error and a large operational difficulty for existing
technologies.

Summary

[0003] An object of the present invention is to provide
a nucleic acid integrated detection method and a detec-
tion reagent tube. The invention presents advantages of
reduced detection errors and operational difficulty.
[0004] According to a technical scheme of the inven-
tion, a nucleic acid integrated detection method is pro-
vided, including: separating a lysis solution, a cleaning
solution and a reaction solution in a detection reagent
tube by providing a plurality of separation plugs arranged
one above one another and disposing a hydrophobic lay-
er in a liquid or a solid phase at each separation plug;
adding a sample into the lysis solution for mixing and
lysis; extracting a nucleic acid in the sample using mag-
netic nanobeads; and then driving, by an external mag-
net, the magnetic nanobeads carrying the nucleic acid
to sequentially pass through each hydrophobic layer
along a magnetic bead channel in an inner wall of the
detection reagent tube and into the cleaning solution and
the reaction solution to realize a cleaning and amplifica-
tion for the nucleic acid, wherein a biological agent re-
quired in the reaction solution is stored in a separation
plug above the reaction solution; and finally, detecting
the nucleic acid of the sample by an external device using
an optical detection method, thus realizing a plurality of

steps of nucleic acid extraction, cleaning and amplifica-
tion reaction in the same detection reagent tube.
[0005] In the aforementioned nucleic acid integrated
detection method, one or more branch tubes are provided
at a lower part of the detection tube, the amplification
reaction is performed in each branch tube, and one or
more clusters of magnetic nanobeads carrying the nu-
cleic acid are driven into the one or more branch tubes
by the external magnet to react independently, so that
nucleic acid from one sample can be simultaneously de-
tected in one or more different reaction systems.
[0006] In the aforementioned nucleic acid integrated
detection method, a reagent storage chamber with a
downward opening is disposed in the separation plug
above the reaction solution, a biochemical reagent is dis-
posed in the reagent storage chamber, the biochemical
reagent is stored on a carrier, and is sealed and protected
by a hydrophobic sealing layer in the reagent storage
chamber.
[0007] In the aforementioned nucleic acid integrated
detection method, the biochemical reagent is stored on
a magnetic carrier and sealed and protected by the hy-
drophobic sealing layer in the reagent storage chamber;
when the reaction is needed, the biological reagent is
driven by the external magnet to pass through the hydro-
phobic sealing layer and into the reaction solution, thus
realizing the transferring of the biochemical reagent from
the reagent storage chamber to the reaction solution.
[0008] In the aforementioned nucleic acid integrated
detection method, the biochemical reagent is stored on
the carrier and sealed and protected by the hydrophobic
sealing layer composed of a hot melt substance; when
the reaction is needed, the separation plug is heated in
a temperature control mode, in which the hot melt sub-
stance is heated and melted so that the biochemical re-
agent in the storage chamber can move out, thus realiz-
ing the transferring of the biochemical reagent from the
reagent storage chamber to the reaction solution.
[0009] An nucleic acid integrated detection reagent
tube includes a main tube, and one or more branch tubes
are provided at a lower end of the main tube, wherein a
lysing zone, a first separation plug, a cleaning zone and
a second separation plug are sequentially disposed from
top to bottom in the main tube, a reaction zone is provided
in each branch tube and the second separation plug is
positioned at a connection between the one or more
branch tubes and the main tube; a reagent storage cham-
ber with a downward opening is disposed in the second
separation plug, a carrier for storing reagents is disposed
in the reagent storage chamber and a hydrophobic seal-
ing layer is also provided in the reagent storage chamber;
hydrophobic layers in a liquid or a solid phase are dis-
posed at both the first separation plug and the second
separation plug; and a magnetic bead channel penetrat-
ing to the one or more branch tubes is also defined in an
inner wall of the main tube.
[0010] In the aforementioned nucleic acid integrated
detection reagent tube, a magnetizable mixing device is
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provided in the reaction zone and/or the cleaning zone.
[0011] In the aforementioned nucleic acid integrated
detection reagent tube, the first separation plug compris-
es a plug wherein a tapered surface is provided on an
upper end of the plug and a bump is provided above the
tapered surface.
[0012] In the aforementioned nucleic acid integrated
detection reagent tube, a plurality of arc-shaped convex
surfaces are provided on a side wall of the plug and a
channel is provided between adjacent arc-shaped con-
vex surfaces.
[0013] In the aforementioned nucleic acid integrated
detection reagent tube, the second separation plug in-
cludes a partition plate, wherein a plurality of plug bodies
corresponding to positions of the one or more branch
tubes are arranged below the partition plate, a protrusion
is arranged on an upper end of the partition plate; and a
reagent storage chamber is disposed in each plug body.
[0014] Compared with the prior art, according to the
present invention, the lysis solution, the cleaning solution
and the reaction solution in the detection reagent tube
are separated by mutally cooperatively arranging a plu-
rality of separation plugs and hydrophobic layers in a
liquid or a solid phase, and the magnetic nanobeads are
driven by the external magnet to move along the mag-
netic bead channel without any heating required for the
detection reagent tube during the whole movement proc-
ess of the magnetic nanobeads, thus not only simplifying
the operation and reducing the operational difficulty, but
also reducing the interference of temperature on nucleic
acid, effectively improving the detection accuracy and
reducing the errors; meanwhile, all reactions are concen-
trated in one detection reagent tube, which can effectively
avoid pollution and cross contamination and improve de-
tection accuracy. According to the invention, the lysis so-
lution and the cleaning solution are placed in the main
tube and the reaction solution in the branch tubes so that
nucleic acid can enter into different branch tubes respec-
tively after being cleaned, enabling nucleic acid entering
into different branch tubes to be with the same state,
which results in reduced interference and detection er-
rors. According to the invention, the reagent storage
chamber is arranged in the separation plug (i.e. the sec-
ond separation plug) above the reaction solution, and a
dry environment for storing the biochemical reagent is
provided through the mutual cooperation of the hydro-
phobic layer in liquid or solid phase with the hydrophobic
sealing layer in the reagent storage chamber, so that the
reduced stability of biochemical reagent after being sub-
jected to moisture can be effectively prevented, a better
storage can be presented due to a packaging effect of
the hydrophobic layer, and a better redissolution effect
also can be obtained by using the magnetic or non-mag-
netic carrier as a biochemical reagent attachment, there-
by effectively improving detection accuracy and reducing
errors. In summary, the invention presents advantages
of reduced detection errors and operational difficulty.
[0015] In addition, according to the present invention,

the reagent storage chamber is arranged in the second
separation plug and the hydrophobic sealing layer com-
posed of a hot melt substance is arranged in the reagent
storage chamber, so that the transfer of the biochemical
reagent can be performed in a temperature control mode,
and an elution and redissolution of nucleic acid can be
made in different steps so as to facilitate a more thorough
elution for the nucleic acid, thus effectively improving the
utilization of samples and the effect of the nucleic acid
amplification reaction;
[0016] A narrow channel for storing hydrophobic sub-
stance is formed between the first separation plug and
the tube wall of the reagent tube, so that both a better
fixing of the first separation plug and a good separation
effect can be realized.

Brief Description of Drawings

[0017]

Fig. 1 is a cross-section view of the present invention;
Fig. 2 is a side view of the present invention;
Fig. 3 is a schematic structural view of the first sep-
aration plug;
Fig. 4 is a cross-section view of the first separation
plug;
Fig. 5 is a schematic structural view of the second
separation plug;
Fig. 6 is a cross-section view of the second separa-
tion plug in embodiment 1;
Fig. 7 is a cross-section view of the second separa-
tion plug in embodiment 2; and
Fig. 8 is a cross-section view taken along line A-A in
Fig. 1.

[0018] Reference numbers in the drawings are as fol-
lows: 1- Main Tube, 2-Branch Tube, 3-First Separation
Plug, 4-Second Separation Plug, 5- Reaction Zone, 6-
Mixing Device, 7- Reagent Storage Chamber, 8- Hydro-
phobic Layer, 9- Magnetic Bead channel, 10- Lysing
Zone, 11- Cleaning Zone, 12- Carrier, 13- Hydrophobic
Sealing Layer, 301- Plug, 302- Tapered Surface, 303-
Bump, 304- Rib, 305- Channel, 306- Arc-shaped convex
surface, 307- Annular Groove, 401- Partition Plate, 402-
Plug Body, 403- Protrusion.

Detailed Description of Preferred Embodiments

[0019] In the following, the invention will be further ex-
plained with reference to the drawings and embodiments,
but not as a basis for limiting the invention.
[0020] Embodiment 1. An nucleic acid integrated de-
tection method is provided, which includes the following
steps of: separating a lysis solution, a cleaning solution
and a reaction solution in a detection reagent tube by
providing a plurality of separation plugs arranged one
above one another and disposing a hydrophobic layer in
a liquid or a solid phase at each separation plug; adding
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a sample into the lysis solution for mixing and lysis; ex-
tracting a nucleic acid in the sample using magnetic na-
nobeads; and then driving, by an external magnet, the
magnetic nanobeads carrying the nucleic acid to sequen-
tially pass through each hydrophobic layer along a mag-
netic bead channel in an inner wall of the detection rea-
gent tube and into the cleaning solution and the reaction
solution to realize a cleaning and amplification for the
nucleic acid, in which a biological agent required in the
reaction solution is stored in a separation plug above the
reaction solution; and finally, detecting the nucleic acid
of the sample by an external device using an optical de-
tection method, thus realizing a plurality of steps of nu-
cleic acid extraction, cleaning and amplification reactions
in the same detection reagent tube.
[0021] One or more branch tubes are provided at a
lower part of the detection tube, in which the reaction
solution is arranged in the branch tubes, the amplification
reaction is performed in each branch tube, and one or
more clusters of magnetic nanobeads carrying the nu-
cleic acid are driven into the one or more branch tubes
by the external magnet to react independently, so that
nucleic acid from one sample can be simultaneously de-
tected in one or more different reaction systems. The
separation plug and the hydrophobic layer are arranged
above the reaction solution to ensure that the nucleic
acid entering each branch tube has the same state.
[0022] A reagent storage chamber with a downward
opening is disposed in the separation plug above the
reaction solution, and a biochemical reagent is disposed
in the reagent storage chamber, stored on a carrier, and
sealed and protected by a hydrophobic sealing layer in
the reagent storage chamber.
[0023] The biochemical reagent is stored on a mag-
netic carrier and sealed and protected by a hydrophobic
sealing layer in the reagent storage chamber; when the
reaction is needed, the biological reagent is driven by the
external magnet to pass through the hydrophobic sealing
layer and the hydrophobic layer in liquid or solid phase
and into the reaction solution, thus realizing the transfer-
ring of the biochemical reagent from the reagent storage
chamber to the reaction solution.
[0024] An nucleic acid integrated detection reagent
tube which is shown in Figs 1-6 and 8 includes a main
tube 1 at a lower end of which one or more branch tubes
2 are provided, in which a lysing zone 10, a first separa-
tion plug 3, a cleaning zone 11 and a second separation
plug 4 are sequentially disposed from top to bottom in
the main tube 1, a reaction zone 5 is provided in the
branch 2 and the second separation 4 plug is positioned
at a connection between the branch tubes 2 and the main
tube 1; a reagent storage chamber 7 with a downward
opening is defined in the second separation plug 4, a
carrier 12 for storing reagents is disposed in the reagent
storage chamber and a hydrophobic sealing layer 13 is
also provided therein; hydrophobic layers 8 in liquid or
solid phase are provided on both the first 3 and the sec-
ond 4 separation plug; and a magnetic bead channel 9

penetrating to the branch tubes 2 is also defined in the
inner wall of the main tube 1.
[0025] A magnetizable mixing device 6 is provided in
the reaction zone 5 and/or the cleaning zone 11.
[0026] Magnetic nanobeads and the magnetizable
mixing device 6 can be added to the lysing zone during
use.
[0027] The first separation plug 3 includes a plug 301,
a tapered surface 302 is provided on an upper end of the
plug 301 and a bump 303 is provided above the tapered
surface 302, and a rib 304 is provided at a lower end of
the plug 301.
[0028] A plurality of arc-shaped convex surfaces 306
are provided on the side wall of the plug 301 and a chan-
nel 305 is provided between adjacent arc-shaped convex
surfaces 306. A closed narrow passage is formed be-
tween the channel in the side surface of the plug and the
side wall of the reagent tube, and the narrow passage is
used for separating an upper aqueous solution and a
lower aqueous solution by storing hydrophobic sub-
stance therein so as to ensure a liquid separation and
allow nucleic acid to pass through;
One or more annular grooves 307 are provided in a mid-
dle of the plug 301, and the one or more annular grooves
divide the plug into two or more layers.
[0029] The second separation plug 4 includes a parti-
tion plate 401, a plurality of plug bodies 402 correspond-
ing to the positions of the branch tubes 2 are arranged
below the partition plate 401 and a protrusion 403 is ar-
ranged on an upper end of the partition plate 401; and a
reagent storage chamber 7 is defined in each plug body
402.
[0030] The main tube 1 is in a conical structure with a
larger top and a smaller bottom, and a diameter of an
upper end of the main tube 1 is larger than that of its
lower end.
[0031] A carrier 12 is provided in the reagent storage
chamber 7 and the carrier is a magnetic one which is
packaged by the biochemical reagent. The reagent stor-
age chamber 7 is also padded with a hydrophobic sealing
layer. The hydrophobic sealing layer can be composed
of a hot melt substance, such as hot melt paraffin.
[0032] A magnetizable mixing device controlled by an
external magnet is used in the lysis solution to well mix
samples.
[0033] A magnetizable mixing device is disposed in the
lysis solution and a magnetizable mixing device is also
disposed in the reaction solution and/or the cleaning so-
lution, so as to improve a mixing in each region.
[0034] An arc-shaped protrusion is provided in a side
wall of the rib. Rib is provided with a plurality of cavities
with downward openings, and the biochemical reagent
is stored in the cavities.
[0035] The reaction in the reaction solution is PCR or
an isothermal amplification reaction.
[0036] The hydrophobic layer is in liquid or solid phase.
The hydrophobic layer in liquid phase may be silicone oil
and the one in solid phase may be hot melt paraffin. When
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the magnetic nanobeads need to pass through the hy-
drophobic layer in solid phase, the hydrophobic layer in
solid phase is heated so that paraffin is in a hot melt state.
[0037] A positioning groove is provided between the
plug bodies, and a positioning boss corresponding to the
positioning groove are provided between the branch
tubes; the positioning boss includes a conical protrusion
arranged between branch tubes, and a positioning block
is provided at the upper end of the conical protrusion.
[0038] Embodiment 2. An nucleic acid integrated de-
tection method is provided, which includes the following
steps of: separating a lysis solution, a cleaning solution
and a reaction solution in a detection reagent tube by
providing a plurality of separation plugs arranged one
above one another and disposing a hydrophobic layer in
a liquid or a solid phase at each separation plug; adding
a sample into the lysis solution for mixing and lysis; ex-
tracting nucleic acid in the sample using magnetic na-
nobeads; and then driving, by an external magnet, the
magnetic nanobeads carrying the nucleic acid to sequen-
tially pass through each hydrophobic layer along a mag-
netic bead channel in an inner wall of the detection rea-
gent tube and into the cleaning solution and the reaction
solution to realize a cleaning and amplification for the
nucleic acid, in which a biological agent required in the
reaction solution is stored in a separation plug above the
reaction solution; and finally, detecting the nucleic acid
of the sample by an external device using an optical de-
tection method, thus realizing a plurality of steps of nu-
cleic acid extraction, cleaning and amplification reactions
in the same detection reagent tube.
[0039] One or more branch tubes are provided at the
lower part of the detection tube, the reaction solution is
arranged in the branch tubes, the amplification reaction
is performed in the branch tubes, and one or more clus-
ters of magnetic nanobeads carrying the nucleic acid are
driven into the one or more branch tubes by the external
magnet to react independently, so that nucleic acid from
one sample can be simultaneously detected in one or
more different reaction systems. The separation plug and
the hydrophobic layer are arranged above the reaction
solution to ensure that the nucleic acid entering each
branch tube has the same state.
[0040] A reagent storage chamber with a downward
opening is disposed in the separation plug above the
reaction solution, and the biochemical reagent is dis-
posed in the reagent storage chamber, stored on a car-
rier, and sealed and protected by a hydrophobic sealing
layer in the reagent storage chamber.
[0041] The biochemical reagent is stored on the carrier
(magnetic or non-magnetic) and sealed and protected
by a hydrophobic sealing layer composed of a hot melt
substance; when the reaction is needed, the separation
plug is heated in a temperature control mode, in which
the hot melt substance is heated and melted so that the
biochemical reagent in the storage chamber can move
out and pass through the hydrophobic layer by the gravity
of the carrier. The transferring of the biochemical reagent

from the reagent storage chamber to the reaction solution
thus can be realized.
[0042] An nucleic acid integrated detection reagent
tube which is shown in Figs 1-5 and 7-8 includes a main
tube 1 at a lower end of which one or more branch tubes
2 are provided, in which a lysing zone 10, a first separa-
tion plug 3, a cleaning zone 11 and a second separation
plug 4 are sequentially disposed from top to bottom in
the main tube 1, a reaction zone 5 is provided in the
branch tube 2 and the second separation 4 plug is posi-
tioned at a connection between the branch tubes 2 and
the main tube 1; a reagent storage chamber 7 with a
downward opening is defined in the second separation
plug 4, a carrier 12 for storing reagents is disposed in the
reagent storage chamber and a hydrophobic sealing lay-
er 13 is also provided therein; hydrophobic layers 8 in
liquid or solid phase are provided on both the first 3 and
the second 4 separation plug; and a magnetic bead chan-
nel 9 penetrating to the branch tubes 2 is also defined in
the inner wall of the main tube 1.
[0043] The hydrophobic sealing layer 13 is composed
of a hot melt substance. The hot melt substance may be
hot melt paraffin.
[0044] A magnetizable mixing device 6 is provided in
the reaction zone 5 and/or the cleaning zone 11.
[0045] Magnetic nanobeads and the magnetizable
mixing device 6 can be added to the lysing zone during
use.
[0046] The first separation plug 3 includes a plug 301,
a tapered surface 302 is provided on an upper end of the
plug 301 and a bump 303 is provided above the tapered
surface 302, and a rib 304 is provided at a lower end of
the plug 301.
[0047] A plurality of arc-shaped convex surfaces 306
are provided on the side wall of the plug 301 and a chan-
nel 305 is provided between adjacent arc-shaped convex
surfaces 306. A closed narrow passage is formed be-
tween the channel in the side surface of the plug and the
side wall of the reagent tube, and the narrow passage is
used for separating upper and lower aqueous solutions
by storing hydrophobic substance therein so as to ensure
a liquid separation and allow nucleic acid to pass through;
[0048] One or more annular grooves 307 are provided
in the middle of the plug 301, and the one or more annular
grooves divide the plug into two or more layers.
[0049] The second separation plug 4 includes a parti-
tion plate 401, in which a plurality of plug bodies 402
corresponding to the positions of the branch tubes 2 are
arranged below the partition plate 401 and a protrusion
403 is arranged on an upper end of the partition plate
401; and a reagent storage chamber 7 is defined in each
plug body 402.
[0050] The main tube 1 is in a conical structure with a
larger top and a smaller bottom, and a diameter of an
upper end of the main tube 1 is larger than that of its
lower end.
[0051] A magnetizable mixing device controlled by an
external magnet is used in the lysis solution to well mix
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samples.
[0052] A magnetizable mixing device is arranged in the
lysis solution and a magnetizable mixing device is also
arranged in the reaction solution and/or the cleaning so-
lution, so as to improve a mixing in each region.
[0053] An arc-shaped protrusion is provided in a side
wall of the rib. Ribs are provided with a plurality of cavities
with downward openings, and the biochemical reagent
is stored in the cavities.
[0054] The reaction in the reaction solution is PCR or
an isothermal amplification reaction.
[0055] The hydrophobic layer is in liquid or solid phase.
The hydrophobic layer in liquid phase may be silicone oil
and the one in solid phase may be hot melt paraffin. When
the magnetic nanobeads need to pass through the hy-
drophobic layer in solid phase, the hydrophobic layer in
solid phase is heated so that paraffin is in a hot melt state.
[0056] A separation layer is provided in the reagent
storage chamber.
[0057] A positioning groove is provided between the
plug bodies, and a positioning boss corresponding to the
positioning groove are provided between the branch
tubes; the positioning boss includes a conical protrusion
arranged between branch tubes, and a positioning block
is provided at the upper end of the conical protrusion.
[0058] The magnetic carrier may include iron beads,
magnetic beads or steel balls, etc., and the non-magnetic
carrier can be glass beads or glue beads, etc.
[0059] The assembly process of the detection reagent
tube is as follows: firstly disposing the reaction solution
in the branch tubes, padding the hydrophobic layer, then
disposing the second separation plug to match the posi-
tioning block with the positioning groove of the second
separation plug, then sequentially placing the cleaning
solution, the hydrophobic layer and the first separation
plug in the main tube, and sealing with paraffin above
the first separation plug and capping the tube.
[0060] The detection process of the invention is as fol-
lows: placing the pretreated sample, the lysis solution
and an internal standard in the lysing zone of a detection
tube; then well mixing the sample by a magnetizable mix-
ing device in the lysis solution controlled by an external
magnet, lysing the sample and releasing nucleic acid, so
that magnetic nanobeads adsorb nucleic acid to com-
plete extraction of nucleic acid; subsequently driving, by
the external magnet, the magnetic nanobeads carrying
nucleic acid to move downwards through the hydropho-
bic layer along the magnetic bead channel to the cleaning
solution for cleaning, and continuously driving, using the
external magnet, the magnetic nanobeads carrying the
nucleic acid to move downwards through the hydropho-
bic layer along the magnetic bead channel to react in the
reaction solution so as to elute the nucleic acid, in which
the magnetic carrier carrying the biochemical reagent is
transferred from the reagent storage chamber to the re-
action solution in a magnetic control mode or a temper-
ature control mode, and the biochemical reagent is dis-
solved and mixed in the reaction solution and then un-

dergoes amplification reaction with nucleic acid; and fi-
nally detecting the nucleic acid of the sample by an ex-
ternal device using an optical detection method, thus re-
alizing a plurality of steps of nucleic acid extraction, clean-
ing, elution and amplification reactions in the same de-
tection reagent tube.

Claims

1. An nucleic acid integrated detection method, com-
prising: separating a lysis solution, a cleaning solu-
tion and a reaction solution in a detection reagent
tube by providing a plurality of separation plugs ar-
ranged one above one another and disposing a hy-
drophobic layer in a liquid or a solid phase at each
separation plug; adding a sample into the lysis so-
lution for mixing and lysis; extracting a nucleic acid
in the sample using magnetic nanobeads; and then
driving, by an external magnet, the magnetic na-
nobeads carrying the nucleic acid to sequentially
pass through each hydrophobic layer along a mag-
netic bead channel in an inner wall of the detection
reagent tube and into the cleaning solution and the
reaction solution to realize a cleaning and amplifica-
tion for the nucleic acid, wherein a biological agent
required in the reaction solution is stored in a sepa-
ration plug above the reaction solution; and finally,
detecting the nucleic acid of the sample by an exter-
nal device using an optical detection method, thus
realizing a plurality of steps of nucleic acid extraction,
cleaning and amplification reaction in the same de-
tection reagent tube.

2. The nucleic acid integrated detection method ac-
cording to claim 1, wherein one or more branch tubes
are provided at a lower part of the detection tube,
the amplification reaction is performed in the branch-
es, and one or more clusters of magnetic nanobeads
carrying the nucleic acid are driven into the one or
more branch tubes by the external magnet to react
independently, so that nucleic acid from one sample
can be simultaneously detected in one or more dif-
ferent reaction systems.

3. The nucleic acid integrated detection method ac-
cording to claim 1, wherein a reagent storage cham-
ber with a downward opening is disposed in the sep-
aration plug above the reaction solution, and a bio-
chemical reagent is disposed in the reagent storage
chamber, the biochemical reagent is stored on a car-
rier, and is sealed and protected by a hydrophobic
sealing layer in the reagent storage chamber.

4. The nucleic acid integrated detection method ac-
cording to claim 3, wherein the biochemical reagent
is stored on a magnetic carrier and is sealed and
protected by the hydrophobic sealing layer in the re-
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agent storage chamber; when the reaction is need-
ed, the biological reagent is driven by the external
magnet to pass through the hydrophobic sealing lay-
er and into the reaction solution, thus realizing the
transferring of the biochemical reagent from the re-
agent storage chamber to the reaction solution.

5. The nucleic acid integrated detection method ac-
cording to claim 3, wherein the biochemical reagent
is stored on the carrier and is sealed and protected
by the hydrophobic sealing layer composed of a hot
melt substance; when the reaction is needed, a sep-
aration plug is heated in a temperature control mode,
wherein the hot melt substance is heated and melted
so that the biochemical reagent in the storage cham-
ber can move out, thus realizing the transferring of
the biochemical reagent from the reagent storage
chamber to the reaction solution.

6. A detection reagent tube for realizing the nucleic acid
integrated detection method according to any of
claims 1-5, comprising a main tube (1), and one or
more branch tubes (2) are provided at a lower end
of the main tube (1), wherein a lysing zone (10), a
first separation plug (3), a cleaning zone (11) and a
second separation plug (4) are sequentially dis-
posed from top to bottom in the main tube (1), a re-
action zone (5) is provided in branch tube (2) and
the second separation plug (4) is positioned at a con-
nection between the branch tubes (2) and the main
tube (1); a reagent storage chamber (7) with a down-
ward opening is disposed in the second separation
plug (4), a carrier (12) for storing a reagent is dis-
posed in the reagent storage chamber (7) and a hy-
drophobic sealing layer (13) is also provided in the
reagent storage chamber (7); hydrophobic layers (8)
in a liquid or a solid phase are disposed at both the
first separation plug (3) and the second separation
plug (4); and a magnetic bead channel (9) penetrat-
ing to the branch tubes (2) is also defined in an inner
wall of the main tube (1).

7. The nucleic acid integrated detection reagent tube
according to claim 6, wherein a magnetizable mixing
device (6) is provided in the reaction zone (5) and/or
the cleaning zone (11).

8. The nucleic acid integrated detection reagent tube
according to claim 6, wherein the first separation plug
(3) comprises a plug (301), wherein a tapered sur-
face (302) is provided on an upper end of the plug
(301) and a bump (303) is provided above the ta-
pered surface (302).

9. The nucleic acid integrated detection reagent tube
according to claim 8, wherein a plurality of arc-
shaped convex surfaces (306) are provided on a side
wall of the plug (301) and a channel (305) is provided

between adjacent arc-shaped convex surfaces
(306).

10. The nucleic acid integrated detection reagent tube
according to claim 6, wherein the second separation
plug (4) comprises a partition plate (401), a plurality
of plug bodies (402) corresponding to positions of
the branch tubes (2) are arranged below the partition
plate (401), a protrusion (403) is arranged on an up-
per end of the partition plate (401); and a reagent
storage chamber (7) is disposed in each plug body
(402).
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