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Establishment and Application of Loop-Mediated Isothermal Application
Assay for Detecting Dactylobotrys gamincola in Highland Barley

ZHANG Haiqing, DU Chunmei, DONG Ruifang. YAO Qiang

(Academy of Agriculture and Forestry Sciences, Qinghai University, Xining, Qinghai 810016, China)

Abstract: Highland barley sheath rot is a panicle disease caused by Dactylobotrys gramincola » which
seriously affects the yield and quality of highland barley. In this study, a set of specific primers were
designed and screened based on the ITS sequence of D. gramincola based on loop-mediated isothermal
amplification(LAMP). By optimizing the reaction temperature, a LAMP detection method with high
sensitivity and rapid detection of D. gramincola was established. The specificity and sensitivity of the
method were further evaluated, and the stem, flag leaf, and panicle tissues of the suspected diseased
plants in the field were detected. The results showed that the LAMP detection system can effectively
detect D. graminicola from six highland barley pathogens at 64 ‘C for 70 min. The detection sensi-
tivity was 13.07 fg « uL.-', which was 100 times higher than that of the conventional PCR. The tis-
sues of the suspected diseased plants in the field were detected. Ten positive samples were detected in
the panicle; eight positive samples were detected in the flag leaf; and no positive samples were detec-
ted in the stem. The detection rate was 50%.

Keywords: Highland barley; Dactylobotrys gramincola ; LLoop-mediated isothermal application; Rapid
detection in the field
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Table 1 Information on barley pathogens used for LAMP testing

bk 4= 97 B T
Number of pathogen Pathogen

RAFEH A Dactylobotrys gamincola
X R¥WEE Pyrenophora graminea
UMM Ustilago horde

BREAH B Ustilago nuda

N

AR Fusarium graminearum
6 MEEAS L Alternaria alternata

o

FEAL ] & K50 DNA-LAMP #7343 571
&N H AR IR & A H A ROk
441, DL2000 DNA marker. Loading Buffer.?2
X Taq PCR Marker Mix #JIJF Tiangen 2\ & .

1Y %% : Qiagen Tissue Lyser [l /il & 4 20
J#4% . Thermo sorvall ST 16R 5 3 ¥ %k 25 0 Bl
ABI 7500 5E B} %€ 9 E 12 X . Applied Biosystems
Veriti PCR %1 Bio-Rad HL Ik 155
1.2 REHE
1.2.1 3143t A A ik it

B D. graminicola DNA #47 ITS J#%](1TS1;
5-TCCTCCGCTTATTGATATGC-3',1TS4:5'-
TCCTCCGCTTATTGATATGC-3") ¥ 4, il )
PEE1E 3] D. graminicola 1TS #%), G D.
graminicola 1TS 73, F1E £ % 4 Primer Ex-
plore V5 &iH# D. graminicola B LAMP 5|
W, BTt 5 T Wy AT R S R SRR T I L R
S 519G 0l el i e K R AR R 4 AR
YNEIET0
1.2.2 DNA #4694 %

KSR CTAB % #2 OB B #R DNARY
BT —20 C UK R YRR AT
1.2.3 LAMP R AR & Fo 25 % ) W7

LAMP #4428 2y 2 X} SR B 2 whil 12. 5
pL.Bst DNA B4 W 1 pL,0.04 pmol » L' 1%
FIP/BIP 4% 2.5 ;11.,0. 005 pmol « L' 48514 F3/B3
% 1 pL,0.01 pmol « L™" 3£5[4) LF 1 pL.FD 1
pL,DNA 2 pL,ddH,0 0.5 pL, LAMP #; i {4
FHZAME N 65 °C 70 min, B 1 min SEH 90
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i 3 A HR UL i 75 ) I €2 78 A S T T 3 45 SR L B
PES G g 0, B O A (8 5 SO0 AR ik < BH A
DNA "3 i £ 2 “S” 8, fI 1 DNA § 3 i £ 4
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. LAMP 25258 5% ] 3 00058 18 s 5Ot 16 I vk
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1.2.5 LAMP % M4

JAEAe)E 89 &4, UL D. graminicola DNA {E
MR, A P, graminea \U. hordei \U. nuda . F.
graminearum \ A. alternata B DNA K ddH,O
PR B X IR, R 4T LAMP 5 A8, LAMP
SRR FH G (O L5 BRI 2 R ) 1)
1.2.6 LAMP R #ZF M0

VL D. graminicola DNA ML, B ik BN
130.7 pg » pL " () DNA #1710 7556 B BE L Al
e B 43 130. 7 pg e pl ', 13.07 pg
pL7', 1,307 pg » pLL7',130. 7 fg + pLL7',13. 07
fge pl',1.307 {g » pL7" F1130. 7 ag » pl.™
7 ABERE, £H 2 pL Bt DNA il A LAMP
Ko o 2 v, L ddH, O S B PEXT R, LAMP 4
85 T8 G (0 5k BSOS TN R S £ 2R O
5 M PCR 47 LW #8, LIPS L R . % #
PCR YRR (RAK Ry 25 pl) :EX Taq 12. 5
pL.F3 0.5 pL.B3 0.5 pL. DNA BA 1 pl,
ddH,0 10.5 pL, PCR R ¥ 94 C AL 5
min; 94 ‘CA8PE 30 5,58 “Cil 2k 30 5,72 “CHEAH 60
$535 MMEH ;72 CAIE 7 min,
1.2.7 ®WEEMIRARAR T RERRNLE
& A |

TETT 348 W AU UG AN TR B R 455 BR
S T3 5 S AR o AL AR 5 AR LI R 25 = A2 2L
DNA H# M, D. graminicola DNA & FH % %t
B, ddH, O Ry BIPEXS IR, DU ARSI 4 (3% 2) AT
LAMP $"84, 7€ 65 “CJZ ¥ 70 min, & 1 min 38
— RO BT R 1 pL 5 R, 37
S 55 5 R G (L SE: BTG IR 5]

x2 LAMPH HEEMESI#F

Table 2 Primer sequence of LAMP amplification reaction

EIE7ERS

Primer name

ElkZ 2]

. ' /
Primer sequence (5 —3")

F3 TGGTTCTGGCCTCGATGA
B3 GCCAATGGATTTGGGAGAGG
GGCGCAATGTGCGTTCAAAGAT-

FIP GAACGCAGCGAAATGCGATA

BIp GCCAGTACTCTGGCAGGCATCAC-
CTCCAACACCAAGCC

. TCGATGATTCACGGAATTCTG-

CAAT

2 HERE2MN

2.1 LAMP 5| 4748 §9 % i

KHEFBMN D. graminicola 1TS 75 3L %
it 5 HEIWAHM T LAMP 80,4 D. gramini-
cola DNA MM, 7E 65 CIHIR &M F &N 70
min, 4R & 1A Box, AA5194 1 1 DNA
PR R SR, oy 4 LRI P R il £
ddH, O BItEXS BRI 2 4k dE“S7 Rl &, 7T 4L
g R (BB Bon, A S 1 09 B b 7 W 5
YL (BATE) » FLAy 4 A1 514 K B 1 %o HE R i
WA O () . Rt e S T4 1 /R
FHM D. graminicola LAMP ¥ 354
M5 ERIEIE 2.
2.2 LAMP # ik & 0 & 18 B i

VI D. graminicola DNA FHEtl, % & 60,
61.62.63.64 Fl 65 “CI: 6 A~ B, 0 it LAMP
LoRIIIRY NP IR S BT E S Rl e 2 I I
JE S AF TR S” 8 DNA #7328 (& 2A) . )%
IV T a5 (&L 2B, Horp 64 C &1 F
FNE 45 min I 9250 £k H U6 5 L L RO 4 64
CHEHEM D. graminicola 1LAMP £ i &% ££ )2 W
T
2.3 LAMP # R iEMH

LAMP F R A4 #5955 S PRI, LR 1 v 6
BRBBR A DNA OB . HEAT LAMP 373 25
Bs(E 3D AXERR D. graminicola ;i %5 H: 5
FHE, H DNA 375 il 2 52 30 e 8 iy = S R[]
AIIAL R BB R B w ot sk, ML Z R L AR
H b T ke B B A 0k T 2 10 0 45 2R 2 52 3B 4
DNA "1 it £y B4, HA] LAk S 68 VR A
0, FWIFTE A LAMP #6002 B % 5 51k
K H#BA D. graminicola BIRETT .
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Fig. 1 Screening of LAMP primers
for hulless barley sheath rot
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Fig.2 LAMP detection with different
amplification temperatures

A:DNA § 3 2E; B: LAMP nf AL 252851 ~2 0 D. gra-
minicola 33 ~7 53K P. graminea .U. hordei \U. nuda . F.
graminearum FA. alternata ;8 3 ddHz OB X B |

A: DNA amplification curve; B: Visualization of LAMP am-
plification products; 1 and 2 are D. graminicola; 3—7 are P.
graminea » U. hordei, U. nuda, F. graminearum, and A. al-
ternata , respectively; 8 is ddH; O(negative control).
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Fig.3 Specific detection of LAMP reactions
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ol
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HAE50%,
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A: DNA amplification curves; B: LAMP visualization re-
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pl™1, 1,307 pge pL 1, 130.7 fge plo ', 13.07 fg+ pL7 1,
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Fig. 4 Sensitivity of LAMP method
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tive control).
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Fig. 5 Routine PCR sensitivity testing
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A: LAMP amplification curve; B: Visual diagram of LAMP

amplification products; 1 is positive control; 2—13 are the sus-

pected disease samples from the spike; 14 is healthy samples
from the spike; 15 is ddH> O (negative controD).
6 EHRHEABHEKRALR D. graminicola FIHE T
Fig. 6 Detection of D. graminicola in spikes

of the diseased tissue in the barley field

6 ——7 —8 —9
-1 -—1 -—12 —13 —14 —15

>
-
0

—_
N

—_
'S

—
[~

P mR B

Fluorescence intensity( x 10°)

0 S5 10 15 20 25 30 35 40 45 50 55 60 65 70
FZJSi it /H] Reaction time/min
B 6 7 8 9 10 11 12 13 14 15

A:LAMP ¥ 88 1 25 B: LAMP 38 7 4 H 9015 1. FH 1 3
MR 2~ 13 JE I BE BLOP 5 RE AR 5 14, JE I fet R AE A% 15 ddH O B
X RE
A: LAMP amplification curve; B: Visual diagram of LAMP
amplification products; 1 is positive control; 2—13 are the sus-
pected disease samples of flag leaf; 14 is healthy flag leal sam-
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Fig.7 Detection of D. graminicola on flag leaves

of the diseased tissue in the barley field
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A: LAMP amplification curve; B: Visual diagram of LAMP
amplification products; 1 is positive control; 2—13 are the sus-
pected stem disease samples; 14 is stem healthy samples; 15 is
ddH; O(negative control).

B8 SHRHBEMAKRAL D. graminicola HIH N

Fig. 8 Detection of D. graminicola on stalks of

the diseased tissue in the barley field
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PRH A 19 25 5L L R 2 M PCR 11 10
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B PCR /Y 1 000 fi5, &5 DA 1 Ik 7 H RS
i 229 9k 71 B LAMP #00 J7 i , H 2 iU AL 40
PCR % 1 000 fi5, 404 57 1) 75 FR 58 A
B LAMP K& &, 77 LLAE 65 °C .45 min AU 4%
P8 R S PR R TR TR T AE 60 min RS E
Ko th R A2 R PR TR LR B A ] 2X 107 ng -
pL . ARG LU 4 3O PR R L ST
LAMP Kl 75 vk F B85 /0, R L A% 5819 PCR
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4 Hi
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5 UG, &0 kg — H i 51 ¥, JF ot LAk
SN B B S T R R DL gramini-
cola AT IRY 1 (LAMP) AR &R . 146 T
KR W ISR EE 64 °C L KM Ry 70 min, i
TR MK D, graminicola M\ P.
graminea JU. hordei \U. nuda.F. graminea-
rum FA. alternata WA R R BT R4 HY
FRPE . FCRATA R 13,07 fg - pL ' B
W PCR RAEGEH R T 100 fiF. %7k Rk
e L 7E T BRI 2 B B G - B
TSN (B
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