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Abstract: [Background] Citrus Huanglongbing (HLB), one of the most devastating diseases in citrus
production, is mainly caused by “Candidatus Liberibacter asiaticus” (CLas). With the available of CLas
whole genome sequence, the gene expression study and functional verification of CLas genes become
possible. [Objective] To screen the reference genes of CLas and assess the expression of reference genes
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in different infection stage and different plant hosts. [Methods] Twenty-three reference genes of CLas
were screened according to the categories of gene function and analyzed by real-time quantitative PCR
(16S rRNA gene as the control). Combined analysis of the standard deviation of C; values, geNorm,
NormFinder and RefFinder were used to evaluate the expression stability of the reference genes. [Results]
Fourteen pairs of primers showed superior specificity and stability in plant sample collected from different
infection stage of CLas and different citrus cultivars. The stability of reference gene were ranked as:
ftsZ>gyrA>rpoB1>ftsA>secA>gap>zapE>gmk2>rpoD>secY>rpoO>fisW>gmkl>recA. Based on the
geNorm pairing variation value Vyniy, fisZ and gyrd were selected as reference genes for further
evaluation. By using fitsZ+gyrdA and 16S rRNA gene as reference genes, a CLas pathogenic gene
(LasA5313) showed similar expression patterns among above reference genes. [Conclusion] The
expression of housekeeping genes associated with DNA replication and cell division function of CLas
were relatively stable. fisZ and gyr4 can be used as reference genes for the expression analysis of CLas
genes. This study provides foundation for the analysis of CLas genes by using real-time PCR and the
pathogenic mechanism of CLas.

Keywords: Citrus Huanglongbing, “Candidatus Liberibacter asiaticus”, Real-time quantitative PCR,
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Table 1 General information of primer sets designed based on the candidate reference genes of “Candidatus Liberibacter

asiaticus”
97| IhaES 19551 JP55
Gene symbol Functional category Primers sequence (5'—3") Accession numbers

16S rRNA Ribosome TCGAGCGCGTATGCAATACGCT CD16_03520
ACCTTTTTCTACGGGATAACGC

gyrd DNA replication CACGAAAAGCAACAAAAGCC CD16 _RS00270
AGCGTCAATATGGTTGCTTTGA

recA DNA replication ACAAAAGCACACGTCCCTCCG CD16 RS00315
CATCGTTGAAATTTATGGACCA

rpoA Transcription CACCACGCAACGAAGACATT CD16 RS00530
ATAGCAGAACCTCTTCCCCG

rpoB1 Transcription ACTCTGGACCCGCAACAATA CD16 RS00065
GGTAAACAGGGGCGCTTTAG

rpoB2 Transcription TCCTTCCACCGAACGAATCA CD16_RS00070
AGTTCAGGGGCTGCTATTGT

rpoD Transcription ACGGACGAATTACTTGCACT CD16_RS00795
GTGGTTGACGGCGATGATTT

rpoO Transcription ACAAGGCATCTATCCCAGGG CD16_RS04090
AGTACCACTTGCAATCTCGC

rho Transcription TCCGTACAAGGGGAAGTGAT CD16_RS01945
CTACAAGACACTTAGCTTTCGC

gap Energy metabolism GTCAAGACGCGATGATGTGA CD16_RS02710
ACCTTCCATGTACCGAATCGT

ftsA Cell division TCATCATCGACAAGAGTGGCT CD16 _RS05250
GCAATTAATCGGGCGCATCT

fisW Cell division GGTTGTGCAATGAGTAACGC CD16 RS04885
GAACAAATTCGCCATCCAGAA

fisZ Cell division CTTCCACCGGTAATTTTGGGG CD16 RS05245
AGATAGCTCTCTGACAACGCA

zapE Cell division TGGCTTTGGAATTTAAGGGGC CD16_RS04635
CCTTGACCAACATCTCCGTG

cdpl Cell division TTAACTCCGAAAGAAACCTCTCT CD16_RS02640
AGTGGGTGATTATGGTTTGAAAG

cdp?2 Cell division ACGTTACCAATGATTCTGACCT CD16_RS05255
CCATTGGAGGACATACACGG

secY Transport GTCCCACTTAATGACACAGGC CD16_RS00550
GGCGCTGGATATCTCGTTTG

secG Transport CCAAAGCGATCGAAGTTGCA CD16 _RS00350
TACGTCAGTTCGCAGTACCG

secA Transport TTAGCAGCCGTTCTTCCTGT CD16_RS00990
GTGTTGGAATCTCTGCGAGC

yajC Transport ACAATTCCTGCTGCTGTGAC CD16 RS04975
GCTTATTCGGCCACAACGTC

gmkl Phosphorylation/Nucleotide metabolism ACCACCATCGCTAAACAGGT CD16_RS00015
ATTGCTTTTCATCGACGCGG

gmk2 Phosphorylation/Nucleotide metabolism ATTTTGCCTCCGACAATGCA CD16_RS03955
AATCGTAATTGCACCTTTTCCTT

gmk3 Phosphorylation/Nucleotide metabolism TGATTGGGGCATCAGGAGTT CD16_RS05340
TGTAACTCCCACAGGCATGA

adk Phosphorylation/Nucleotide metabolism CTCTGCACGCAACATATCCC CD16_RS00545
GGATCTGGAAAAGGAACGCA
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KF SYBR Green JuhkilFA7a0mt e it
PCR. PCR WA Z (20 pL): SYBR Green qPCR
Master Mix 10 pL, 1x107° mol/L iE 5[4 0.5 uL,
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0.5 °C 15584 10 s, Kl 2 't B A2 £k . fi H Bio-Rad
CFX Manager 2.1 B4 #EA 788 0B, JEZR A
WE AR
1.6 HIBLEBSHH

1 cDNA FESRIUBTFH R 6 N, 1ER
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*2 WIBHRLFRENEARAEE PCRIGUER

By 1,

25 FER ) 5% S 7K A 434 % H Duncan’s multiple
range test (DMRT)iE L2 T HL ATk . ML NS 3L 1)
RikFaE M4 MK H Statistical Product and Service
Solutions (SPSS).geNorm .NormFinder } RefFinder
b, Hrp S A geNorm. NormFinder AY%HE 14 K
FAEM O fH, A SPSS. RefFinder f5E 45 #f
i CfH .o FEFEHI e Rei G RN St N2
B, faE MmN SIEE . HAYRER Lasd5313
A AR Bk A 0 SR A 274 B

2 ZR545H0
2.1 MG, SI4FRMEIIE RIS E

e NG AR TE IR #57 CLlas 2 )5, BEE
IFEIBE AN, HorP A CLlas #eRE 52 2 Wi 48 1 G # 34
(F 2), (HIZ AR — BT AR - 3R 58 2 — 3
K, M4l RT-gPCR 258, ikl CE/NT 32
MIRE SRR CLas FHVERE AL s TR AR 1R
4 CLas FHYEXTREAE A

T CLas AREZENE SR, FHREUMZIRE 58
%, AL A FAY) RN A TE LIRS0 i
ENS RGP FE T, R RT-qPCR ik
UE CLas B FHIE A AN R FIEE LAY cDNA. 45
R, A 16 MEENSENTE 4 i id)E R
CLas BAMEAE S R JCd ™18 F BL, 7E CLas FHEFE S
Ay sE R B, FrRrE R THEEE rpod .
rpoB2. rho. cdpl. cdp2. secG. adk Wi5|¥)4 3
B E AN R B, R SRR R R
Z%. RT-qPCR BB S A B A5 A ¢, Ak
— S E SRR RAE, TR T R e it £
Bk yajC. gmk3 4b, 14 ik N 2 5L D A0 9 fide th 4%
T RRE—E T 1), BIIRIEE G YY1

Table 2 Detection result of “Candidatus Liberibacter asiaticus” by real-time quantitative PCR

o f %4 3 1~ H %4 6 1~ H %% 9 1 H B 12 7~ H W4 18 A
Sample Health Grafted for Grafted for Grafted for Grafted for Grafted for
P y 3 months 6 months 9 months 12 months 18 months
T CAE 37.08+0.88 22.83+1.60 23.06+4.65 22.84+1.49 24.42+0.90 21.62+0.60
Mean C
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Figure 1 The melting curve of the real-time PCR products of “Candidatus Liberibacter asiaticus” candidate reference
genes

Note: A: gyrd (Tw: 79.00); B: recA (Tw: 78.00); C: rpoBl (Ti: 79.67); D: rpoD (Tw: 80.00); E: rpoO (Tw: 82.00); F: gap (Tw: 78.00);
G: ftsA (Tw: 80.50); H: ftsW (Ti: 78.00); I: ftsZ (Twm: 76.50); J: zapE (T: 77.00); K: secY (Tm: 80.00); L: secA (Tm: 79.83); M: gmkl
(Tw: 83.00); N: gmk2 (Twn: 77.50).
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R — R B X 14 NMEFE Y RT-qPCR 14 1%
DR REWHEE RS R UK A TR, 25 R BoRSRAF s —H S
A 5 B R/ —380, JeARR S B R 5 1 — R Ak
MG, Hs I HEA RIFRR%E(E 2). 16S IRNA
JEH 514 HLBas/HLBr 45 5 O 36 7F 28

B RE RS BIR E 2E )5 18 N A 1 [ — A Bk
cDNA H5 AR LB 2% N 25 R 9 SRR (€ 3).
SRR R, SN e REUR) AL A
0.954-0.999, ¥ HEHCRMEH 85.7%-115.8%, AJ
YEFT 54 RT-qPCR 525
22 REARSERWERKESHR

HR A R A TE BT A R T i C (S4B
e, FI A SPSS #E4T DMRT ¥ £ & A (E 3).

bp M123456 7891011121314

2 {RiEANSEE RT-qPCR =0T AR AR ik
Figure 2 Agarose gel electrophoresis result of RT-qPCR
products of the candidate reference genes

Note: 1: gyrd; 2: recA4; 3: rpoB1; 4: rpoD; 5: rpo0; 6: gap; 7T: fisZ,
8: zapE; 9: ftsW; 10: ftsA; 11: secY; 12: secA; 13: gmkl;
14: gmk2.

®3 RERSEESIMNITESY
Table 3 The parameters derived from real-time quantitative
PCR analysis of the candidate reference genes

N PHKE LB S PR

Gene  Amplicon glope Correlzation PCR efficiency
symbol length (bp) R) (%)
gyrd 80 —3.312 0.999 100.4
recA 100 —-3.721 0.996 85.7
rpoBl 85 -3.597 0.999 89.7
rpoD 83 —-3.074 0.990 111.5
rpoO 93 —3.596 0.994 89.4
gap 98 —3.513 0.996 92.6
fisA 83 —3.633 0.999 88.5
fisW 86 —3.485 0.999 93.6
fisZ 80 —3.237 0.992 103.7
zapE 80 —3.334 0.954 99.5
secY 83 —3.422 0.999 96.0
secA 98 -2.997 0.999 115.8
gmkl 94 —3.378 0.981 97.7
gmk2 92 —3.652 0.983 87.9

307
b b

@i(j I bbbbb b b b

Ug b b ﬁ

38

B2 0l ﬁa

T > N O
% (4\\1“ %Q,Q}»fi%:y\@ ;»\\sQ\ $@(§)@Q$‘Q%&( Q0 @\?' K\g\) OOOQ»( QF}

R

Gene symbol

B3 (REASEREFRIETH(SPSS)

Figure 3 Expression analysis of candidate reference genes
(SPSS)

e FATHFENG F8:3%, £R2E5 A B3 (Duncan’s 7%,
P>0.05).

Note: The same lower case letter indicate that the difference isn’t
significant (Duncan’s method, P>0.05).

SR W, &HEE CEMEREN 17.00-22.35, 16S
rRNA LR 1) REFEE &R FRENS IR
(P=0.027<0.05), ItAh, fEBENSIENH gmk2 FKik
T (17.74-22.30), recA ik S 5A5(19.82-24.88),
M 14 MEEANSERREKFLREES
(P=0.078>0.05), CAHILFE} 20.02-22.35, secd 1
C AT Bl /IM(18.28-22.02), gmkl B CAHZZAL
T K (17.86-23.28), AL RIFEAE L rh 3Rk 1Y
FEAEZESE, VLT EEX NS L R A T i
2.3 ASEREBREMESH

MR EREN S B REREMN, R
SPSS. geNorm, NormFinder } RefFinder X}
RT-qPCR 4 #1773t IF 25 5 PP o R geNorm
B3 B Ao 5 I 2 B TR HEAS TRLRE o b i SRR A
PEM), MAEBN, FOEMERE, PL M=1.5
{E. MR geNorm FRAF 3BT 4 R, A [FIMgE A 2 Ak
FIRFEMEN = BMRIUT A gyrd (0.349)= fisZ
(0.349)>zapE (0.395)>rpoD (0.431)>secA
(0.483)>rpoB1 (0.523)>gap (0.558)>recA (0.586)>fisA
(0.624)>secY (0.658)>ftsW (0.682)>gmk2 (0.698)>
rpo0 (0.720)>gmkl (0.789) (Kl 4A), 14 Mk NS
LN #cFa %€ . NormFinder B4 LAfa & N £ ibfa
EE, HaoaE RS geNorm A1), {H NormFinder
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Figure 4 The stability analysis of candidate reference
genes

Note: A: Average expressing stability M (geNorm); B: Stability
value (NormFinder); C: Standard deviation (SPSS); D:
Comprehensive gene stability (RefFinder).

AR IO WCEAE, Fa e e BRI Sy fisZ>
rpoB 1> gap>ftsA>gyrA>rpoD>gmk2>secA > zapE>
secY>ftsW>rpoO>recA>gmkl (¥l 4B). F|H SPSS
Gt NS EE N I R ah I S E B bR 22 , b
22 BRI e TR A E PR, FRE T secd>
ftsZ>gyrA>secY>ftsA>gmk2>rpoB1>ftsW>rpoD>

zapE>recA>gap>rpoO>gmkl (K 4C). & HKAIFI 43
s Rl B M HE P e 225, IR RefFinder

TE 28 1. H (http://150.216.56.64/referencegene.php) 45
4 geNorm, NormFinder., FrifE2E 501 Jr i (45 5
XINSERIEITLEHE4 (B 4D), FoEMEsi & HE
J¥: ftsZ>gyrA>rpoBI>fisA>secA>gap>zapE>gmk2>
rpoD>secY>rpoO>fisW>gmklI>recA., H ﬁg EVEZEA
HEF 25 R E W, fisZ RKibidaw, HIKIE grd.
F3 4 geNorm BRF 1154 it PN 2 2k R 22 1] 0 e i A8 5
8 Ve, 0BT BWETE IR R SRR B 51 A IS FE A 1)
IGHH M), MK 5 ATES, B2 SEE/NF
0.15, [HNIEHEHE 2 Xf LA B NS HEN 1T,
24 RNEEREEEEREHARFPHNA

R it —20 B N S 5 R A AT S | A T AR
SEE Viner, 3 gurd+isZ BINSEERAE, U
16S TRNA JERHZ R, HE o A A 2 e T o
BHOR I LasA5313 TEYe BB AR R
HYFRIBI (BT 6). 5 IREW] 16S rRNA AR
NNZE gyrd+fisZ fE NS IHH LasA5313 1
FrEAAAR], [ —1ZYeB B CLas ZE4E4E . T H
W B LasA5313 MBI TEf & £
2Bk, B % 22 5 (A P1=0.139>0.05; B:
P,=0.142>0.05); CLas 7EMI7F F 42 Y f5 1 Las45313
IR 250 TR YLATH(A . P3=0.039<0.05;
B: P4=0.005<0.05), XfI 16S rRNA FEEAE R NS
5 grdtfisZ fER NS RILGR, 7H KL
gurdtfisZ VE R NS FE T A X 3258 1 A bR o 22 38
AN, HEFRIR2E TP 1 25 (Pa<P3).
3 WikE5R

7E 2001 4F- 2 A7 F| il RT-qPCR ik N 2 [ #Y
PR AT AE SR ST AN TR P 2 35 DR A 4 3 i 4
Wom, 1045 SO, Whia TR A FUAT 1 (Lactobacillus
plantarum)NZIEH rpoBH | i RAF# (Klebsiella
pneumoniae) B N 5 K ] recAPH | FL K P 5 1
(Erwinia amlovora)i)NZ3EH proC. recA X >
S AL SHEY , AT N S B RIS AR X
PO AT ) B R TR P 2 A IR 0 S 1 A
SEARIE , W5 b 0 P S R R 04 16S rRNANY
gurAM . ARFSE Y, 16S IRNA KEFE R NS IR
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Figure 5 Determination of the optional number of control genes for normalization (geNorm)
Note: The value of the abscissa indicates the number of reference genes.
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Figure 6 Expression analysis of Las45313 gene in “Candidatus Liberibacter asiaticus” based on different reference genes

Note: Y-6: Citrus maxima of 6-month-after inoculation; N-6: Citrus reticulata Blanco cv. Nian Ju of 6-month-after inoculation; S-6:
Citrus reticulata Blanco cv. Shiyue Ju of 6-month-after inoculation; Y-12: Citrus maxima of 12-month-after inoculation.

gyrd fER P 1 AMER NS IR 5 e gk N S
BRIV, RS2 KR gyrd TEARFRIRIY) 7
F2 B AN TRl 2 G s 0 00 A 1 T R MRS 2 40,
AIYESN CLas WS, i fisZ Fikth gyrd HEa
TEo T geNorm PCX AR Sl 45 5 3% W7y 21 4%
2 XFE A BB, HIATE gyrdtfisZ 1E

KNS5 16S rRNA FERAE R NS 1 B sl RikA 7
X, Brfs HEEE Lasa5313 FikpCHHE], E
W] gyrd+fisZ (W HEPE . [FIEE, ASHHSRAS A i o
T TR A4S RN AR e YEHEIY < fisZ>gyrd>rpoBI>

ftsA>secA>gap>zapE>gmk2>rpoD>secY>rpoO>
ftsW>gmkl>recA,
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H A0 B e PE P 804G geNorm |
NormFinder /% BestKeeper, H:H BestKeeper £t
N bR, H—WR PRI 10 NIRRT,
BRI AS 3285 R ] SPSS B prif 22 HE R AU o A
AL AL T 14 MR NS TE CLlas ANl
Juit A R AEARAEY) 27 F B Rastae . Dk
3 RIS A 8 RAFAE — & 2 5%, BT
RefFinder ZiGHEPA RTINS B 8, RER
AR A HT B R, (IR A IR AT A

Z BN S5 W iR Ik B N S 5L W AE
RN S I P i Rocha 45PN A AT AR
FE KT REZE BN S B AW 58 A A 4
ZH 00 S0 B S, AT R L R A9 ) e R R
EEFEEMR R RE NSRRI . BT, S e
TR 1Y 4 DR ZH 0 P 8 28 58 o, 4 v o) X ) T
gxpsy™ | A4 Y CPsy™ . ABI SR AT E S K
ERFEMPE CLas A4 BHMIERAERFMEIE NS
FE DR A TARE P IR E , B UORT B R0 03 Jir P 2
KA T 2R GE B9 A S e R4S D RE SIS 1) ) B A
YA RO 2 N S BRI , FF400 45 2 L 4
73241 DNA & il DR rY 4 5 SE R 7 B e 1 vh Y
FisEE R TH BRI AR, o fF 2
BRI AT RSO R AL T 2% . W, A
S UEHIR R RIS T 8 2 B UAS [, i dn
HE W Fh R E N S5 F i rpoD[m\ recAP*3)
T e o R A R e TR

gi b, AR ST O O 56 TR A A B Je e T
fisZ+gyrd NS EENA A, I HRGEWEAL T 144>
WS R, KB4 245 DNA &2
REME B BONTRE | N G 2N Sk R e 5 S ok
DR R 3k PRI A 5 B A , 5 ks Dt TAT P ARG D B B
LR R S
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