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Abstract: Huanglongbing is the most devastative disease in citrus production, early detection and
diagnosis in a timely and rapid manner is one of the key measures to prevent and control huanglongbing. In
this paper, the DNA sample carrying Candidatus Liberibacter asiaticus ( CLas) was sequenced by
MinION, and the sequencing results were compared to the genome of CLas by blast, graphmap, minimap2
and two BWA comparison methods. The comparison results were evenly compared to the genome of Clas,
and no serious bias was found, which verified the reliability of the sequencing results. This sequencing
technology could make up for the difficulty of optical identification due to the small or damaged Diaphorina
citri ( Kuwayama) , and it could also detect whether the psyllids carry CLas at the same time, and provided
real-time monitoring and early warning for citrus planting areas where there was a potential risk of
huanglongbing.
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HiH% ¥ e 7 ( Huanglongbing ) & fic EL 5% K %
BYHH 4% 9% % (Hall and McCollum, 2011; Wang,
2019), FEABKAY o0 A 1L 50 2 A [ 50 IX
(Bové, 2006; % 7%, 2014 ; European Food Safety
Authority (EFSA) , et al. , 2019) TR RE
fRFE & R ET, T H O & B s,
Br 7B B B A - ARG AR E LN, K R R
AR, SRR, 2 B AR e e Y DG B R O
Z—, i o S R NP X AT A
Je g AT BRI A2 W (KBIE, 2017) , JE4E
K, AR EOGIERISEEOR, ok
3 b ] T A A B R e B U0 S IR (SR
&, 2015) , (HABSRIE AN B 220K, 2 R EE I
I ( Polymerase chain reaction, PCR) & H Hij i FH
T e U Y — R S T R L R R
HIZ 5 1 A7 78 1Y T R0zt X DA S 9 52 I 7 46 A
(Blifet s 55, 2021) o & GG A AT 52 B 52 i 52 4
PR, AE U6 TR R 0 G A R,
DUSE] 2 W

B i 3 e 0 P 7 v A PR e, D A
FANTBIT ARG, e 3 5 00 P 32 I T 4% o Dt
I e SR T (BRRIAE, 2021) o 2R HEARAL
Hi AR E (Oxford Nanopore Technologies, ONT) [
. EYKFLIN AL MinTON & — FGH i A& A9 4 485 =X
WA, EhRets BT DNA 1 RNA WF, $A
A SEmFI Ry | Bl 2% 08 SRR, BT
2T Z 8090 EAAR R ( Wongsurawat et al.
2019 ; Warwick et al. , 2019; BERESE, 2021), A

SR H MinlON 30 P A8 % J% e B g g 1) i A
DNA FESLFEATIN Y, XF AN [] 350 1 bEoxE 235 51
YAk 5B F- B, AT S5 B0 FH o 3 1 00 5 A %k
B AT A R A O E

1 MBRERFE

1.1 DNA 5

4 NG R (BPBERS Citrus trticulata, B85
HORRBER T ) AR ARSI A T AR R B S
WS FTEREE B A g i 3R IS, IF AL DNA $2
B R Biospin M 5L A7 £, L5
WS MULH B TR, 0. 1 g AR it
ik, FKEBYII8TRE, BT 2.0 mL BE.08F, N
A 100 wL LP Buffer, JfFAtAWFERE, K508 ik
ABFENLNTES , WSS FEMA 350 pL LP Buffer,

JHRAEHA); T 65°C FRIA 15 min, &5 min HifF
RAT; A 150 wL DA Zuii, 1REWE), e
KB 5 ming FETIRESY &R 2 Shredder
spin colum, T 14 000 xg &5.0» 3 min; K iR JER
HRE—ANKEFR 1.5 mL B.0%,; 750 pl 5
IRPERAKRFL 1.5 £%5 ) P Binding 22 i, JHIRG
ey, # EIRIRE WK = Spin colum, AJ5
6 000 xg B0 60 s, JF3F ELWE R WA, A
500 pL G Binding ZZ0fi% % Spin colum, T 10 000 xg
B0 30 s, IR R PWAK; A 600 nL
Wash ZE09&, T 10 000 xg 5.0 30 s, FFFEEIER
B, 254 B0 Spin colum, 10 000 xg 5.0
1 min, J£¥ Spin colum ¥ % & — A~ ¥ K H 1Y
1.5 mL B.0%; fILA 100 ~200 L Elution 2% M,
ZIRILE 1 min; 12 000 xg .01 min, Jf7£2 Spin
colum, 1.5 mL B0 HIAS A DNA,
1.2 HEERHHFEEKRN

SRS (2016) K gy, FI3E A
5 ¥ % 9% 16S tDNA %t [Hl i OIl/0R2c¢ (5'-
GCGCGTATCCAA-TACGAGCGGCA-3'/5"-GCCTCGC
GACTTCGCAAC-CCAT-3") 514919 4% H ) DNA
ib,  DAE A 4R B S DNA 43 546 A B X
MR, DUBL B0 % A A% DNA S B XT B, PCR
PR N SE UG, B 6 pL PCR =416 x Loading
Buffer tHIR A, TE F AT 1% SR HHEERCHIK
B R 120 V., B[R 30 min, 7EEERS IR RS T
MELZERL  ANAE 1 167 bp bW BLAH, Wk BH 1
R
1.3 ZRFLIFESCEE

S YK AL e 3 422 0 e 3k 590 8 U B 5 A7
YORALI P SC R, B e, R R SOt EE
THI S W DNA &3, JFORIE 1 pg DA LAY DNA
AT T — 508, HK A G & NEBNext End
repair / dA-tailing Module ( NEB: E7546) Xf47 Wr
) DNA 1T RumER ; 5=, FIHBEIZK AMPure
XP beads (Agencourt) X} DNA SCHE#EAT R, 45
VUL, FIFHA GG H2A7 & NEB Blunt / TA Ligase
Master Mix (NEBZ: M0367) 530 FiR%7 &1 D
DNA by ( Oxford Nanopore
Technologies: SQK-LSK108) #EfT DNA 7 3 il )y 4%
SLiER:, S8R0 DNA P SCE MM, &5, &
RS0 6 Ul B A3 1) O o R A7 X000 3 008 e AT I A
(RS, 2021),

Genomic ligation
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1.3 WXFLNFEESH

DR ARAT 1Y fastq SCHFFI T 3 510 L X
GraphMap ., minimap2 . bwa 7F mem # {5 $-x
HEFE onti2d LS bwa 7F mem AN S H0-A 2,
ZH-B B 3 L SR AR B e g SV Y b i LA 2
51 ( GenBank: NZ _CP010804.1)., M /& 35 1
fastq SCHFHE 40 AL fasta SCF IS, FIFH blastn Ho X 2
FHA 2 e 9 WM Ap 3L 41 75 9] ( GenBank; NZ_
CPO10804. 1), HUBA A EX B 5 HO 7 S8 Z 1]
IZE 57

2 FHRE5HMH

2.1 REEKRNER

KA 4 AFES T, ZH L PCR KT /R
g5 4 WM DNA 7355 1 28K/ 1 167bp
MR, B s e (B 1), LAt DNA R
AT —2E I F oA

BT AR AL R B R Y PCR 974 Bk ]
Fig. 1 PCR amplification electrophoretogram of Candidatus
Liberibacter asiaticus in citrus samples
. M, DL2000 DNA marker; +, FHPEXTHR (YL #Efp
FREIHIAE DNA FE) 5 -, BIPEXSIR ({2 REM4% DNA #¢
) 1 ~4, RATRAREEBE S PIBET F 52 5 % H A
il o Note: M, DI2000 DNA marker; +, Positive control
(DNA sample of citrus infected CLas); -, Negative control
(DNA sample of citrus un-infected CLas); 1 ~ 4, Citrus
samples taken from the laboratory of Guangdong Key

Laboratory of Animal Conservation and Resource Utilization.

2.2 KILNAFESSH

I MinION 0 2S00 8632 B 0 9k 1 S g ()
Wt R &L DNA #4700, 3RA529 25 M &7 50 4t
3.75 G AL (Kl2), F91Ec 27 147 bp, ¥4
KBEERI R B0 1239 bp, SFH4K 1 492 bp, FIfH
Blast, GraphMap . minimap2 DA S B Fh bwa 4 LE XT

e RUIDS AR SN O I iy rrie S S R N
Blast, GraphMap., minimap2, bwa AB 5 bwa x 43
HIEEXS F 5702, 42 557, 6 200, 7 269 5 56 712
75 (K 3), H Blast, minimap2 5 bwa AB
BT AR AR B 4 R LRI, A R R Y 3K
4 GraphMap . minimap2 LA J2 bwa 75 2| #4945 5 F)
P 21 B e o T B DR ZH 0 7 T s TR IR (&1 4)
AU LY X6 &5 R 387 A b B ok 381 0 i T PR |
IR KB ) Iy B4

12 MinTON 5 J5U i 7 1) 1 E HE AR
Fig.2 Histogram of the raw sequences by MinlON sequencer
T BARbR, FPOIREE; HAkbr, FFOIRKEERIEL, B
BT KEX B NAE Z LA F 5, Note; X-axis,
Sequence length; Y-axis, Sequence frequency, namely the

sum of the sequences within each sequence length interval.

K3 X g R 5 BE

Fig. 3 Venn diagram of comparison results

7E: bwa_x, bwa 7E mem 20 F S - x %8 ont2d; bwa_AB,
bwa 1E mem BT ZH-A B4% 2. ZH-B H4£ 3, Note: bwa
_x, bwa mem mapping mode with —x ont2d; bwa_AB, bwa mem

mapping mode with -A 2 -B 3.
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[ T 7 ¢ L A DS B S EEN B A o
Fig. 4  The location of the genome mapped by each software
TE: AR, BN RE AT EER R IR PR, B0 L 31 g e o T RE DA 20 (7 E AR AT, i 2 3 7m LU X 3
IR AN E R IR R, NER, B AR GC % 4, Note: Outer, Diagram of genome length of

Huanglongbing; Central, Histogram of each software mapping to Huanglongbing genomic, and the height indicates the

sum of bases mapped to the genomie; Inner, GC content of Huanglongbing genome.

3 HRSITR

YK AFLIN P H AR Nanopore sequencing AT JLAF
PLEMEE A PR, AU FLER 2
( Oxford Nanopore Technologies, ONT) Ff %k, 5Lk
TR F I AR, BRI T AR 5 BT 4
AR, EM G IR R, R e IE 7R
1 iZALHY DNA B RNA BT8P, 3547580 540
FIF (Senol Cali et al. , 2019 ; B KELE, 2021,
SRS A, 2021)  ZBORBEBILMEEL DY, T
its PCR ¥ AL 2 S bR i, BRI AL 7007 ik
iR, AREAR TR, i HON T R %
TE1Y, ] DU E e I A iR, TR
PCR %€ Jr L U E AN (Feng et al. , 2015; BRK
AR, 2021) , ZEORHEAEE R, LR, KR
B SRR, R AR RREIME T A A
e, AN T A Y LAWY | R

FERIAM 7 . RNA BT | Al . DNA
5 RNA HIEAEAG I . mRNA 1 polyA | Ji & 4
5% (Senol Cali et al. , 2019; B4, 2020; K
A 2021), HEFEL (2021) FHAKRILE AR
AR RS TR I B TR Y i e K Rk A
FIRFCIR B L SR A E =0k BB S H RN A
(75 RN D R T B A B DL SR A T 8 BR A 1 ] AR
SRR R D) R i aT SR AL T OCHR TG . AE NN
Rl e, gl R LI s B R B A,
ST St 1 S U 5 2 N = M S e S W 4 2
BEhAS | SEEFAYIN AT R BN I BT A ]
PARECR 23 DNA 8% RNA 41, H % H % 7
HORZ IR, T, Mg Ay
WO RTRE, T HE— 20 hnpe A i el A BT
WS W I S B AT 5 X IR T (Euskirchen
et al. , 2017 ; FRAEESE 2021)

A7 P 9 P SIS ST - HH AR 00 P 02
FARIE B 2 08 e s 1 GBS I 2 —, H T TG
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AR PR EOR B AR AN, AR SR 48K AL
I Py B GSH B o T R R A ) DNA 2470
¥, JFFIH Blast, GraphMap . minimap2 DX & P Ff
bwa F FEAS J7 32 465 10 3 445 2R bE Xk 31 38 i g ik D9 21
NS e S RS N NA 0 K w A 75N - S A
DI NS Wisar g DR T o B2V SO vaT S EERI)5 34 b
AR, BEAE BOR & RAN i A R REAR, AT L
SR AR B s ARSI A2 W B — AR RO BOR T &
I TASH AR BB % — U b 0T ) — 4 i bR A7 7E
F18 S [) 49y Aol ik DAL R 2 A SR 0o Al 1) G 00 001
TEARR I A BRI RGBS X — 8K, X
Wt (AXTOETEER | AU B el R A 55 ) 2
3 R TEAT A SR, DLTR KD B AT A A B
B N B SR HE LRI T2 U AR 2, R ]
[Fi) A 00 HR AR 7 5 A SR B, W B e
J PR RS AL 1 R AT B8 o 52 B A A 1 1 A5 ol A X
SRS, S A 4 5 WUE, R R T
EfERPEA RS B
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