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Application evaluation of loop-mediated isothermal
amplification in clinical detection of common bacteria in
respiratory tract infection

WEI Qing, LI Henan', PENG Qiusheng, YANG Shuo, WANG Qi, WANG Zhanwei,

WANG Zhiren, WANG Hui

Department of Clinical Laboratory, Peking University People’s Hospital, Beijing 100044, China

Abstract: [Background] The traditional method of bacterial culture is the gold standard for the
diagnosis of lower respiratory tract infection. However, bacterial culture needs a long cycle and has low
sensitivity. Loop-mediated isothermal amplification (LAMP) as a simple and rapid method can be used
for rapid detection of common bacteria in clinical respiratory tract infection. [Objective] To evaluate the
detection capability of LAMP for seven common bacterial species of respiratory tract infection.
[Methods] Specific primers were designed for the LAMP of seven common pathogens of respiratory
tract infections, including Klebsiella pneumoniae (KP), Acinetobacter baumannii (AB), Staphylococcus
aureus (SA), Pseudomonas aeruginosa (PA), Streptococcus pneumoniae (SP), Moraxella catarrhalis
(MC), and Haemophilus influenzae (HI). The sensitivity and specificity of this LAMP method were
evaluated by gradient dilution method and cross-reaction experiment, respectively. We then
retrospectively analyzed the residual tract specimens (sputum and bronchoalveolar lavage fluid) from
240 patients with suspected lower respiratory tract infection in Peking University Peoples Hospital from
November 2019 to March 2021. After DNA extraction by the automatic nucleic acid extraction system,
we employed LAMP to detect the seven common pathogens. Further, we compared the results obtained
from LAMP and bacterial culture to evaluate the sensitivity and specificity of LAMP. The cut-off value
(C; value) of different species were optimized, and the application value of LAMP in clinical practice

were discussed. [Results] The LAMP method had a good linear correlation with the template
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concentration. The LAMP system had good specificity as there was no cross reaction with other strains.
A total of 218 sputum specimens and 22 bronchoalveolar lavage fluid specimens were detected in this
study. The seven pathogens were detected in 178 specimens based on the bacterial culture method and in
176 specimens based on the LAMP method. The LAMP method generally consumed 2—3 h for detection
and could simultaneously detect multiple specimens. The optimal C, values of HI, KP, AB, MC, SA, PA,
and SP were 18.5, 20, 20, 15, 25, 19, and 18, respectively. The sensitivity and specificity were as
follows: KP (90.7%, 94.1%), AB (84.0%, 94.2%), PA (90.8%, 89.1%), MC (75.0%, 99.2%), SA (81.8%,
97.4%), HI (75.0%, 90.3%), and SP (33.3%, 95.4%). The LAMP results for KP, AB, and PA showed
good coincidence with the semi-quantitative results of sputum culture, and the R* values were 0.855 7,
0.804 4, and 0.924 3, respectively. [Conclusion] LAMP had low requirements for operating personnel,
short cycle, and high specificity (89.1%—-99.2%) compared with the culture method. It has high sensitivity
(81.8%-90.8%) for the detection of K. pneumoniae, A. baumannii, S. aureus, and P. aeruginosa, and thus
can be used for the rapid detection of these bacteria in clinical respiratory tract infection. The results of
LAMP were in good agreement with the semi-quantitative results of sputum culture. The detection of
H. influenzae and S. pneumoniae needs to be further evaluated due to the lack of positive culture

specimens.

Keywords: loop-mediated isothermal amplification; low respiratory tract infection; etiological diagnosis
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1.2 EERFIFNEE

BIRRBURF &, R R RIEE %R %
ARRAF . EEZRY P, BiEEREK
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R A I R R 20 A R SR A E RS A Tl
PRED), SREEE . XRE IR, iR
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w4, A Bruker JESHHBhEOGAANT A THS ]
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1.3.2 #ZERIEEL

¥ 300 pL FRFIGEBRAIIAREAS, B4
HOMASHAT 4% NaOH W, iRy, =i
WAk 30 min, FARERIEHGAT S 7EAZ B R EUY
IREURR, PR AT
1.3.3 [ER 1

FIFH#E A PrimerExplorer %11 LAMP 5|4
(http://primerexplorer.jp/e/), & B4 B R B IR
SFXJPEN AR S BEHRAS 7 Fh B AR
K519, 51975003 1, ¥ 80 uL &I HL
WAEREA, 5 10 pL IRAEEA PCR SN (7%
Bst DNA 247 8 U/uL, dNTPs 4% 100 mmol/L)
PeFIRAT, BEEFELL, W& T BUMFER AW
FEASKGIFLAZ A 11 uL AR AR 14 uL 5]
W, FRE 25 uL RNRER, TRAIE BRI L,
B EEAZRRY 8 A A R R AR
J¥: 63 °C [z i 30 min, Z55 R 2R TAER:

ROC)H%%
THEAT R 7 Tl IR 248 7 19 I 10 e %
MAFFEEN 18.5. Ml R FL B AR A 20.0. @@xxzﬁ
FFBEH 20.0, RABSCHIE A 15.0., 4B (A % 2K
A 25.0 . SHZRAR MRy 19.0 Bl R EEBK TN
18.00 SAGHIN A BT 1Y T, (1SS 14 S {EL B 1] ) 7]
F o8 55 Tz A0 TR B B R WA R, 2 o BE
PE; ARINAHBE 1Y T, (B T2 20 81 PR 40 0
BT, R B .
1.4 HEEIRE

BCil 2 5 7 i H bR (AU IS AT R . i
SOE AR . BRSNS . RS 4
O AR D L ] % A1 B TR R A 4R i BR TR 1Y
RAW, FIFHAE KB ERBER 107, 10°,
10° CFU/mL, XX 3 /¥ BB B FE A UE 17
LAMP A, A~ BEAS FE AN 20 WK .
1.5 $HRMLE

VERRAL M BRI . R A IKE . Kipik
. EEAREEAREE . RGERE . EmERE . B
AN 2= R A L A IR L it R AR
PR R G o8 T 3L 10 Flopg JUTA, A AR B
R KELH 10° CFU/mML FRAE MEHUREA, FIH
LAMP R TR BRI
1.6 FHit=anHHh

$E% H GraphPad Prism Stil R4 FH,
IPMTEE . 2 LAMP BRI A BHYE T {ES
FIME TE R ROC 2k, Jf3153 ROC £
1 (area under curve, AUC), AUC HtECRA P
Ko, A st ma RS T B
(] SRR 2 22508 o LA BRI 15 3R 25 A N &
#E, LAMP $ARFrFPE(specificity) it B AR
LA AR/ (LB AR+ BE P 580) < 100%,
RGLE (sensitivity) TR AR . REE=HHM
B CEC PR A B 80 %< 100%, - BEA: il

fiE: (receiver operating characteristic,
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Table 1 Primer sequences for seven target bacteria

i 24 PR Gk /By 19751

Bacterial name Primer name Primer sequence (5'—3’)

UL B I HI-F3 TGGGCTCATCCTATGGCA

Haemophilus influenzae  HI-B3 GCAGGCTTAACACATGCAAG

(HD HI-FIP AACGACGGGAAACTGTCGCTAACCTCTCAGTCCCGCACTT
HI-BIP CAAGCATTACTCACCCGTCCGCTCGAACGGTAGCAGGAGAA
HI-LF ACCGCGTATTATCGGAAGATGA
HI-LB CACTCGTCAGCAAGAAAGCA

i 5 ve E AR T KP-F3 AAGGGCGGTACAGGTTCC

Klebsiella pneumoniae  KP-B3 AGTACTCCGCCTCTAGCC

(KP) KP-FIP GCTTACGTGCGTTCTGAGAGCGAAGGAGCTGCTTCACCACT
KP-BIP CCACGTGAGCCCGTAGAACGGCAAGACCCACGAAATCACC
KP-LF AGGGCTTTGCAGGGTGG

il = AN AB-F3 TGACATGCTTGTCCGTTC

Acinetobacter baumannii AB-B3 ATGAAGATAACCATACAGTTTGA

(AB) AB-FIP CCTTCGATTTCTGCTTTAGGTGTAAGGCGCAATTGATTTAATCGTT
AB-BIP TGAGATGGGTGACTCTCATATGGACGTTTAGCATTACCCGTAA
AB-LF TGCAGCCACCGAGTCCA
AB-LB GTCTACAAGCGCGTCTTATGAG

A BRI MC-F3 GACCACACAATCCGATGT

Moraxella catarrhalis MC-B3 GTTTTTTCCATTAAAAATCTGCC

MC) MC-FIP TTGCTTCATGACTGGGCGTATGCCCATATTTATGCACGG
MC-BIP TGCCCCTGAATTAAAATTTCAAGTTCCCAAACCATAAATCTGAATCC
MC-LF TCTGTTAAGGTTAAAGCTGCTGAG

4T O A ERTE SA-F3 AACAACAAAACCTTCTACTGAA

Staphylococcus aureus ~ SA-B3 TCCTAAACCAACACCTCC

(SA) SA-FIP TCCGATTACAAAAGTGTCAAATGTGCAACTGAGGATAATCATGTGCT
SA-BIP CCTGGTAACCGCTTTCCACAAGATAAATAATGGATTGTACGCT
SA-LF GGCATTGAATTGCTCTCTACCA
SA-LB GCGAGTTTAGCTGTGGCC

) ol P L P PA-F3 GCGGACAACCTCAAGCAC

Pseudomonas PA-B3 CGTTGATGGCGTTGAGCT

aeruginosa (PA) PA-FIP CGCATGCATCAGGTGGGTCTTGGGCTACAACCCGCTGTTC
PA-BIP CCGAACGCCAAGGTGGTCTACGCAAGGCCTTCACCATGTC
PA-LF AGACCGACGCCACCGTAGAG

iR SRR B SP-F3 CTCGAGGAGAGGCTTGTC

Streptococcus SP-B3 AGTGATGTCGTTGATGGC

pneumoniae (SP) SP-FIP TGTAAAATGGCAATACGTGTTTCAAGCGTTTTAGTTGGGGATTG
SP-BIP AGGCTACAATTTCCAAAGTGATACTTCCCTCAAGATCTCGAACA
SP-LF AGGGGGTGTGATAGTTTGTGT
SP-LB CTAGAATACCTAGCTGGGCAATTT
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M{E (positive predictive value, PPV)iT4 /5.
BH A S50 1 =2 BH P/ (CRC BA PR B BE A ), B A
1 (negative predictive value, NPV)I15 /5.
ISP o {1 = B 1/ CRL BRI B P )

2 HREAM

2.1 LAMP KB4 8E 53 47

oA 7 B EARRE IRA R LAMP
PG, BEASMEARE (107, 10°, 10° CFU/mL)
Kl 20 Yo 4rBIHE 7 A EARER TR,
IR ERE D), 7R BARE B 5 LAMP
BRI T, {H A7 A2 BT 1 2 1 AH G
LB g MLFF A L Bl AR SR AR A . BN Zh A
2 S B AT I o w7k 2B I LE- 8
PR TR RN AT R BEER T R 439008 0.974 3. 0.931 9,
0.9202., 0.999 1, 0.9583. 0.993 4 f10.923 1.,
2.2 LAMP ¥ ARB4FFHES

fifi i LAMP £ AR 544 10° CFU/mL #)
TEMAERR TR . R A ERI . KIGRATH . BE
REEMEE . RGIRTE . 2EWHIRE . LA
PEASITRR BT . R IR L il E I A B A
W G & BB FE S 10 RN OBLIIREAS , 4%

18
15+ “-HI
= = KP
=
£ 121 S R
4 \ +MC
5 —+SA
& 61 ©-PA
ol &SP
1 1 1
g 105 10° 107

Template copy number (CFU/mL)

1 #RKES TAERMEXES
Figure 1 Correlation analysis between template
concentration and 7} value.

=35 iR
o AR S
23 ARBAEBMAREFNFREES
&5

SR R RN il YLV DR WA E M X 52, ANTH]
PRAR 28 R PHAPEAS RO, AR A v (L35 1%
PR B )IEAG 52 KM 42 v 6 1A 18 (22.5%)
46 PRI AT R (19.9%) . 11 PRz o (a4 Bk
#(4.8%) . 64 BRA SRR (27.7%), K=
v T VL TRE VR U o T T A T R A A R Y
Fr R LB AT B 1 PR(4.5%) . il R 4 3K A
3MR(13.6%) . RHIBEHIE 1 #£(4.5%), iR E
FHbRA, G5RWR 2, HA 13 Bl A R
2R EH AR
24 EHRAEIEFES LAMP AN
Roth

FE 240 BIREAS Y, BSR4 7 Fl
HbRHE IREASE 178 B, GLHE 4 PRICIERIE M
WL 54 PRIGAR B AT . 50 MRS SIFF I |
4 BRRASERIDE . 11 PR H EHAIRET . 65 Bk
SR L B AT 3 AR R BEER TR . LAMP AR
B 7 R EPREFEARIE 176 6], f155 26 BRI
REIMATFER . 60 BEMR s BRI TR . 53 FRfLE AZh
FFE . S BRFABSCHIE . 15 MREE i 2Bk
78 BRAMAH LA . 12 MRIT R BEER (3R 3). 16
W R AKE (sensitivity) Fl4E T4 (specificity) 73 7]
S VUREE M 75.0%H190.3%, g e &1
W 90. 7% 94.1%, IS ANSFFIH 84.0%F!
94.2%, FAMZIHIFH 75.0%F1 99.2%, 4 H (05
ZIERTH 81.8%H1 97.4%, HHLHEHIETE 90.8%H
89.1%, MiRHEEREA 33.3%F1 95.4%., BRI
{E.(PPV) I A T (B (NP V) 3 53] 2 370 J W I AT
W O11.5%A1 99.5%, Wi vwmiAm 81.7%H
97.2%, S ANHFFHE 79.2%F 95.7%, FAhs

Ui A BF 58 B B9 5190 B 4
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Table 2 Distribution of pathogenic bacteria in bacterial culture of different specimen types

404 24 FX Bacterial name # Sputum

Jili 1% ¥ Bronchoalveolar lavage fluid

1% Number FH:2 Positive rate (%)

1% Number FH:% Positive rate (%)

IERE AT Haemophilus influenzae (HI) 3 1.3
iR 50 & AR Klebsiella pneumoniae (KP) 52 22.5
166 5 A Bl AT 46 19.9
Acinetobacter baumannii (AB)

R =R E Moraxella catarrhalis (MC) 3 1.3
S H OAEER R 11 4.8
Staphylococcus aureus (SA)

) ol P P 64 27.7
Pseudomonas aeruginosa (PA)

Jili REEER A Streptococcus pneumoniae (SP) 0 0.0
E#EFR A Non-target bacteria 52 22.5
BH Total 231

100.0

1 4.5

2 9.1

4 18.2
1 4.5

0 0.0

1 4.5

3 13.6
10 45.6
22 100.0

3 MEEF A LAMP H4E R
Table 3 Results of bacterial culture and LAMP

2 B 40 P

Bacterial name

20 TR 1 52 12 /L AMP 12 460 25 5
Culture method results/LAMP method results

+/+ +/— —/+ —/=
IR E AT Haemophilus influenzae (HI) 3 1 23 213
iR v FHAAE Klebsiella pneumoniae (KP) 49 5 11 175
i S NS E Acinetobacter baumannii (AB) 42 8 11 179
RAZERLE Moraxella catarrhalis (MC) 1 2 234
LR A BRI Staphylococcus aureus (SA) 9 2 223
HSE I Pseudomonas aeruginosa (PA) 59 6 19 156
Jili REEEK T Streptococcus pneumoniae (SP) 1 2 11 226

TE: 4+ WFRTTIER LAMP EAGIAS RN BAYE . +/—: K3 T LR BITETT LAMP R S5 SR BIPE . —/+: BE3RER NI
PEIT LAMP 3G ISE R R BIE . —/—: 553507 & LAMP JAG 045 52 0 [k

Note: +/+: The results of LAMP method and culture method were both positive. +/—: The culture method was positive and LAMP
was negative. —/+: The culture results were negative and LAMP results were positive. —/—: The results of LAMP method and

culture method were both negative.

PIF 60.0%F1 99.6%, 48 (BRI 60.0%F
99.1%, HALRPANEE 75.6%F1 96.3%, iR %k
BRI 8.3%F11 99.1% (55 4).
2.5 LAMP A5 ROC ik

KM GraphPad Prism it /-abBl, ik
SRR AR T . GRS ANEFT IR L R S A TR R 4
HEE A BRI ROC HIZE T mA(AUC) S F 2

0.930 8. 0.8999., 0.926 1F10.900 0, T 1,
95% & {5 X [f] (confidence interval, CI)%35!]Je fifi
R EMTE 0.882 5-0.979 1, S RNHFFHE
0.837 6-0.962 2, %R H IR 0.880 1-0.972 0,
S OEEERE 0.764 2-1.000 0, P {H/NTF
0.000 1, UL 2. Z55 R LAMP ekl 7 #rg
LI 8 B S D P ELA G ARG T 1 RE
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x4 AEIEFE LAMP SERMNERFTERNT
Table 4 Analysis of coincidence of bacterial culture and LAMP

2R 44 B MRS LAMP IERHMESCR Rk RYE FH 1 B

Bacterial name Number of positive Number of positive  Specificity ~Sensitivity Fll{E  FMHE
bacterial culture results LAMP method results (%) (%) PPV (%) NPV (%)

UL I 4 26 90.3 75.0 1.5 99.5

Haemophilus influenzae (HI)

Jifi 5 e B AP BT 54 60 94.1 90.7 81.7 97.2

Klebsiella pneumoniae (KP)

86 5 AN BT 50 53 94.2 84.0 79.2 95.7

Acinetobacterbaumannii (AB)

RS 4 5 99.2 75.0 60.0 99.6

Moraxella catarrhalis (MC)

SO AR 11 15 97.4 81.8 60.0 99.1

Staphylococcus aureus (SA)

L TS 65 78 89.1 90.8 75.6 96.3

Pseudomonas aeruginosa (PA)

Jiti 58 4 1K A 3 12 95.4 33.3 8.3 99.1

Streptococcus pneumoniae (SP)

A 100 B 100
80 80
P 60 P 60
z z
G 40 E 40
] 5
w2 w
20 20
0 £ I ] 1 I ) 0 < L L ] I |
0 20 40 60 80 100 0 20 40 60 80 100
Specificity (%) Specificity (%)
C 100 D 100
80 20
= 60 E." 60
Z z
G 40 Z 40
3 3
20 20
0 "‘ 1 L 1 1 I 0 £ L L L L J
0 20 40 60 80 100 0 20 40 60 80 100
Specificity (%) Specificity (%)

E 2 LAMP #NAEHHER ROC HiZk A: KPHAJROC H1Zk; B: ABAJ ROC fiiZk; C: PA AJ ROC
Hh4k; D: SA 1y ROC Hik

Figure 2 ROC curve of LAMP for detecting different bacteria. A: The ROC curve of KP; B: The ROC curve
of AB; C: The ROC curve of PA; D: The ROC curve of SA.
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26 HEIEFAFEELERS LAMPE T E
EES g h

HJ T 5rHT LAMP # TE S 402K 8 S e i
ETEARSCTE, B 178 BB bR A TR 855 77 2 8
505 LAMP ) TAESATHAE T KA 5
FRP R A, e RO A RR, il
R AP 2 N ST P R S AR L TR 7
T, YIE B AN A bR R LS, IR 52 & 1A
B R*EN 0.855 7, #18 REFFHE R R*E N
0.804 4, AL ANTE Y R*E K 0.924 3 (&1 3).
78 LAMP &5 5w B fr 5280, ER
AN RN, T HRAR

3 WREER

LAMP J2& 2000 4F-Hi H 4% Notomi 55"
Pt A — AR IR IR T I BoR , AP SRR
LAMP J5AGN 7 Fofr WG R fe 3 DL g D el 1)
SEPEORSE P91 o I ARG AR A R 2R, 5
B oy T s iR I M s 2 45, FEdh fsh
g eIER T, WA 708 DNA 731
SR IG R AT 4 B R PR BstDNA R& i 1E
65 °C fEEMRE T, LI s AL IR S A kAT
FRse Py 3G o 938 b A T 43 S S B BRI G P
P B, mZIENEE DNA IREY. 1
P SRS & R R I POUE S, BOUE
Sl AR, IR AT AL BT, TR
M2k, FERHRE T ARG I 45 5

iti & AT LA 43 Ay 4t X 4R A5 M il 4 (community
acquired pneumonia, CAP)FIEE B 2f 5Pl &
(hospital acquired pneumonia, HAP)H K&,
P TACH MRS, CAP 9 SRR A4 il R BEER
PR A O A BRI L AR AT Rl
LI AT I B i 2 e B A ) AR 2 2R
WL SE o HAP o It i A0 375 80 2 AN ZhAF i . i 4
BN TR L A R T L < B 10 R 4 K TR A

1819
A Hp—
18
=
E 16 ™ L
14 -
®
12 | | | |
0 1 2 3 4
Semi-quantitive result
B
20
18 - °
CRAdE
B D
~ 14+
é L]
12 -
10 | | | |
0 1 2 3 4
Semi-quantitive result
C 20 ot
18
=
E 16 -
14 -
[ ]
12 -
I L I |
0 1 2 3 4

Semi-quantitive result

B3 WHEEFRFEELERS T HEHNZENS
A: KP RUAR IR e AR T E L
s B: AB WUAFRTE R AR T
FERG: C: PA MATEHIFEEE HER S T390
LA

Figure 3  Linear fit between semi-quantitative
results of bacterial culture and 7; mean value. A: The
linear  fitting of KP  bacterial  culture
semi-quantitative results and 7; mean value; B: The
linear  fitting of AB  bacterial  culture
semi-quantitative results and 7; mean value; C: The

linear fitting of PA bacterial culture semi-quantitative
results and 7; mean value.
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KIGRAWESE . ABEFERI 7 Fis i 18 7 o
T RIS CAP [ HAP G . AN RS 57 0
ShriE, RN SFERY HE AR 240 7]
FRFIEAR A, IF HARRIE 1N S i R A
SR RGO T, BRI A5 R S AR G R A
AT AT . 7 R BARERE AT, 3
KT 89.0%, MiRFEHMEFEFIEN 94.1%,
T A EREIRER 87.5%", MR EMAE
TR 0] 2 A1 B B O R BB 2880 (>90.0%) . Bk i 4
FEERDA . B8 AT P AR A B g ok, oAt
HARE REBEH KT 70.0%. i Hou ZEPIESY
fiRiE LAMP K5 I 3 86 I FF 8 . b 48 o B
(2N D=0 7 I W T 9 I T
B Y6 TR R AR B BR T A R 3 AR 6.3%
14.7% ., 12.5%. 10.9%. 22.0%. 11.3%. X
U ST IRGE LAMP A6 0 90 K0 i AT 1R L i
RECEHAAE . 0= AP . A v O R 4G Bk
B SR PR TR L R B ER T A R R S
WA 41.9% . 21.4% . 452% . 23.9% . 0%l
28.6% BR-RMZERIESN, ARFE 6 Fi BARH
RIPPER RS T RN CHGE . R b2
PR LAMP 3560 (4 AH DG HGE MR 2L, ASHIFFE 1Y)
& Ath 5 4 T EL AT A A AR R (99.2%) o AT
il % Ak BR DAL I 7 % ABOBE ARG, A A s IR W]
AEE 1 TAREAK I &/, o n] BB T AL IR
g U S BT, ARACE B AR . AR R
IR 8 5% 3K T 4 25 6 Bt s A i e s 1) B 22 B
TR RBRAATER R R E CAP &
B I TRt AR AR BR AT L R I AT TR R R 5
AT e T e R o v N S - S s R ES N T
Zy W ) CHINET 304 fon, 2018 43k [= 07
W T s AR 43 125 114 S JE g I A T R il 4R i R 7R 43
W 7.06%F1 5.25%, 2020 4E 575 il 48 1
SR, N R ARG i, TR ] I T AR AR
A3 15 V1) T SR AT A A T 98 B R AT 174 50 i T L

BIIEH SRR, HeB o AR 4.19%H1 5.12%.
AN, BT ZHER L B E R R ok
A, RKEpeadll riwsiy, A
WFFE Il R AEBR A | DL IR I AT 181 RN - S 1R
B SR AR AR D IR R 2 — o R MR
AH A AW AAGIN T 240 FlIG RARAR
S50 B8 LAMP ARG I il 8 BEER B . i Jkg
I AT B AR At 5 R TR Y 9 AR Y ST
99%, /R LAMP AR HA — & i I R L #
. A JEnEEEEZ PO HHEINEE £
B i BHEARAS , 32— 2% LAMP £ AR A I fiti
SRGEERTA . UL AT BRI S At By B8 E A 7 1
RETEAN .

AHHGE 240 FIREASHA 13 BT 2
HARE, HH 11 FlFEA LAMP GERIBAG H 2 Fh
MH, KRN 84.6%, T4 2 REA HAKGN
H—FPEE . AL LAMP SHE G R (112 b A 45
IR SRS, A 9 BIREA R R 57
PRI/ DE I+, LAMP KK K E
BE IR A H i LAMP #6300 8 BRE . T B 5AK )
WAk, FRER AR LS, S
FEATT LB 3R LAMP PR, (HERR D,
TGRS A BE, R R TR & AR iE
/U B TR T 5 LAt A TR T /DN TR B s T R Ss i
AR SR AYE . LAMP RGN 7 41 %) 1 /& DNA,
AT RO e G RS, X 4 TR R R A SRR B kb
YERT . SRT LAMP Joik X /TG i FISE IS, X
J& LAMP iy Jm PRV Z — o Fr LAY LAMP £a FH
PR, 340 0 45 £ 3 I DR TR 100 R0 L At I DR AS: B:
SERZEAFIWT . A, R 2 Bl SR A A A
A9 BR 1 B 1 LAMP BH RO ARAS A 200 pL
VS ER DA R R, o 1 B, 54
1] THERTF 25, PHIbs 4n i RE s = 4 i
A 2% I V5 4 K TR il A R PR BB, 1R
R SRR AR o
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TERTIN e B[R] 7 T8, ASBFSE Y 7 i It
51 4 38 3f 8 A (PrimerExplorer) 3% i 41 51 )
F3/B3. WN5|4¥) FIP/BIP F1¥A 514 LF/LB. i#id
eSO 7 R BAR B 0 B BR DNA XK, 5 3h
TEAGE BN SRR T 514
KPR E Tk, W T IR AR, f S g
(B S 4 e, I HAE RO B o A B 67,
A SIS i A AR A% TR B A ) 24
30 min, [HIRY AN 0.5 h, MARALLBEE
Mgk B B R 2-3 h 22 0E], K JE 5 B
WYRE, AN B 2-3 do 5
B, dasE R F et , A BT Rt
HEATEF X VEBUR 2503697, RERR IR E R B
KFET- IO ST SCRk BN, KRR AU IS
AT LAMP A0, 0l 45 DNA BN,
TCRE B A ) T B e A I

ZE BT, BEE AN TR IR R AR G g —
AR, LAMP & ZRTF 2808, RS
IR, e SR AP 7 A T A TG RR s
LAMP FR#RAESRIfE, FEREE, ABFFERRN
BRI T TS B AL IR I T R e H LAY 7 A
R, R AR SRR, BB
PRI A
it RANEI T P B H —EE TE N L,
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