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Abstract

Citrus, as Taiwan's largest fruit tree crop, holds significant economic value. The
concentrated harvest season and few citrus varieties supplied have been long-standing
issues in Taiwan's citrus industry. The widespread Huanglongbing (HLB), also known
as citrus greening disease, has been a crucial limiting factor for citrus quality and yield
worldwide. Chiayi Agricultural experiment branch, Taiwan Agricultural Research
Institute preserves over 170 citrus varieties and actively engages in breeding new
varieties. While many of these varieties exhibit excellent horticultural traits, their
susceptibility to HLB remains unclear. In light of this, this study aimed to select four
citrus varieties with market potential, Navel, Ora, Fremont and Shiikuwasha, to test
their susceptibility to HLB, and compared them with mainstream susceptible varieties
such as Ponkan and Tankan, as well as resistant varieties like Wentan and Eureka
Lemon. Additionally, this study also tested different inoculation conditions to assess
their impact on the experimental results. Among the four varieties, Ora displayed the
highest susceptibility to HLB, showing strong mottled yellowing on infected leaves and
significant stunting. Navel and Fremont were the second, while Shiikuwasha exhibited
greater disease tolerance, with lower disease severity and Candidatus Liberibacter
asiaticus quantity, comparable to Eureka Lemon. In terms of inoculation conditions,
although the rate of CLas proliferation did not significantly differ between small and
large plants, small plants generally exhibited faster disease progression. Furthermore,
shorter plants with more branches displayed a higher detection rate of CLas. This study
also investigated the current status of HLB in the field for the selected market potential
varieties. Disease incidence varied, with higher rates of Shiikuwasha in Pingtung and
Navel and Fremont in Taitung. In the northern regions, Fremont, Navel and Ora showed
no detectable presence of HLB. Overall, disease incidence did not correlate with the
usage of the healthy seedlings. Among the HLB-infected samples, most contained
prophages, with the highest proportion attributed to the T1 prophage alone or in
combination with the T3 prophage. Interestingly, samples lacking any known prophage
displayed lower CLas quantity. Given that previous HLB research in Taiwan mainly
focused on mainstream market varieties, academic research data on emerging or non-
mainstream varieties is scarce. This study provides valuable experimental and field data
on HLB for the aforementioned four citrus varieties with market potential. This
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information will contribute to more precise field management and variety promotion,
tailored to specific varieties. Additionally, this study collected ecological data on HLB
in Taiwan, including information on prophage types, which offers insights into the

evolution of CLas.

Key words: Huanglongbing, variation of citrus cultivars, susceptibility, disease

incidence, prophage
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AE TR I EEY L B s @A LA F e Ny ER LR
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Moo 2 BESF R L AT IO H DR AL 0 A F A HE A K
RI¥F 3352306 nif2)  RER AP ATHER € v 0] ~ FFRE2w + 4
EofEs TAR gz a R AR R EE > BpSAT N Al A E

7= (Nehela & Killiny, 2020; ¥ - 1987) -

RS S =@@4g%ﬂ£§$ﬁ,w%\ﬁ%%,;gg&%gm
~ ¢ 735 (citrusgreening) > fAF A E o EHFEEE S FFERT ®D
BREVFAE - AE W)k &2 L5 (IAA) - #A F ABARRF % 4L e
7% 323 & % 3 B (Nehela & Killiny, 2020) -

T RRFERLA B

# ¥ k2 £ 8l (monitoring) £ #& 7] (diagnosis) - E R E & F > % o i
BAAPTE ApE AR B AR R 22 & - 1 (Hungetal, 1999a, 1999b;
7 > 2009) > KA F %;:;I;;;ﬂgﬁfup ek T R ERCR X i A I = I = v
B, A hgm S kS RRleht ;2 S (Futchetal, 2009) » BERE F (& Aok
TRRFRE) » = 5 X HPHpIEIL (30 2019) o

SRR M s TRy o A RATPRP gk o T E R IR HE
#FH* £ 5 i (de Moraes Pontes et al., 2020; Garcia-Ruiz et al., 2013; Mishra et
al., 2011; Pourreza et al., 2015; Sankaran & Ehsani, 2011; K. Wang et al., 2019) ~ 5
L% # (Cevallos-Cevallos et al., 2012; Xu et al., 2023) ~ & 3 4 § vk chyeas
(Gottwald et al., 2020) ~ #1485 (Chen et al., 2022; Martinelli et al., 2015; Wang et
al., 2022; Xue et al., 2022; Zuiiiga et al., 2020) % = ;% > “ﬁ% TR R SRR AT 0
T o FlE A R AR R B EA

7 MK /2 M+ > Nehela and Killiny (2020) 25 7 = B 1 & 841
- % glucose-phosphate transport (GPT) # 3 v » @ kb 3 ff B
ERSAF R SRR T IR A9 2 5 b (BT

Y
\4
i
"@i\

é_.

glutathione-S-transferase) & i 2 4 F (7% g 4 o

o Hics FRTE AR 2 TR R hwm AT ¢ (Albrecht &
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H

Bowman, 2008; Hu et al., 2017) fF i el % X P PFh2 LB 2 77 B E
@\ﬁ&w%ﬁaiﬁﬁx%aﬁﬁxwwéﬁ\m¢ﬂ@%iﬁﬁ\ﬁﬁ§ﬁ

AMEBE LT L .

FHEVIGRENF 0T BRI S 2- H L St
Fitg#l o Huetal (2017) v gt 5 m% & 5 (C. hystrix)& g it sg (C
sinensis) t® AR F A FL R E L R (differential expressed genes,
DEGs) * &% % W taffpeng BRI PB4 & Sk & en JUA L 15 45
T B RBH B AN PATIR AR A T o 5 AR R
i ent 4] o Wang et al. (2016) i 3 B4k 4p 00 2 s 427 b e R0 i 0 3R
st 2 Jackson § § 4047 2 Marsh § 34 A& P L B 0 B R FRA

N

FleaRAZRAIRFS pw@ B T2 R HE S NP D B B AR
B ek F] (4 cellulose synthase cellulases) # Marsh § § fh e I E 3 4r » B2 7 I
E F4p B AL F] (4o NPRI1-like genes) > % Jackson § F ek & Hf 4v o
Curtolo et al. (2020) #- 5 B # S48 ik 5 & R R ALEAR ST A
P (il > WIS B R FE £ R R & S APM AT AR R SR
B RA patm A Fop SR PR GL R o T . IR A 2 U
AR AR FT 5 BpEEE 2 0 8 2 @ SR A A R e {58
2 o JaRlA ~ P SR AR R ERCE ol o

FAORAL RMEFLE > A TG ARHFE S R e A2 T wE
PR Sk RRERELCEAFLESNY > @2 B fE  FF
BEREZEL R BB A4 P RT Ao eag (v Eﬁjl%ﬂ;c (Etxeberria et al., 2009;
Killiny & Nehela, 2017) - Lietal. (2021) # R & i thg % 2 8 > % ALF 7
A IFL:}I%J%G: » chlorophyllase & ~ & % # » @ chlorophyllase ¥ ﬁg ERTHEES
FAEA S FEAESFRLESF o NHART LS K RRP R EEH
ReFSFEAES %

FRIP AR MY R R e

T e th 2 A AT IO BB 0 @

Ao RS AL M R R i
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FoRXEFFOHP AT Y 0BG R Re BARF SR FEA
;%;ﬂ’”‘éi%rﬁﬁﬁzsﬁm@@wﬂz'$ Ak T o AR R F] S
SoMEF LD B IERE PR FE S BRFADRE S
B B E AR w+pzﬂ%@@%mmﬁg«ﬁ*g%@ﬂ&aa@%o

Miles et al. (2017) 2% & P IR AR B AR R R % oAR B 3%
B2 40 A B2 AR T4 MBS A5 R e R T ks e 0 45
M B M kg » ¢ 379 814 (Clausena excavata) ~ " § (Murraya
paniculata) ~ § ¥ & (Severinia buxifolia) % > Hent- 4 > 2y Hp - st
i A4y ¥ (Citrus medica) & eh i o 2HR 01 S ¥ O g R 0 T T

T EmSAEE R Y AR

i,:

@ BEcte (Citrus aurantium) s & &) > &5
B PGl A R 0 SR 33%%%@%‘ °
Ramadugu et al. (2016) 4 177 33 F fEhH f B 2 S f e mft - =~ &b

ﬂF’“Féﬁgﬂ ’—4.&1@11];:] %,F&%ﬂ(\iﬁ%ﬁrgﬁ,Klif«/w\n—h\]ﬂ;:rp—;u }?’3%]

‘3\

&’;&mﬁﬁﬁﬁé”mﬁfﬁﬁﬁﬁm’ﬁEMMMWmWMMW&
Poncirus % -4 4§ B cnRl4p § @5 35 0 4 20T ol BT IFHRE A K
VLT L R ,@mhw@ﬁnmw“-iﬁ;?ﬁﬂﬁighto

BE (QQ011) £ 44 ¥ L Rs b A & k0 R FF WoH R 52
HALRD G > MRS L7 0 > BHER YRR R > FfHE RSP PCRAGE
MR A AP R R LRl RIF > D EM AR FHEE BF
MAERTIEER  ARAR G o BREr FHEL R EAARAR
o EHE o B it T % frh ~ . (troyer citrange)

= R REZ GRS AR e T

TR RAS PR s F A% o Johnsonetal. (2014) i PR dR
VAR RERE Y ORRE A Ay RE BN ARG R RR R
FUE % ety B B0 0 B4R Lad 2R3 fHERRE ATH S pRE < B4 U
“ﬁ%ﬁfﬂ%ﬂﬁﬂéﬁiﬁﬁﬁ'}#iﬁﬁ%iﬁj Mo R A HE A F A LIV
LR T RS R R A R T RS AT
shn\mﬁ]meffectors X o

10
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ATH A AL HhF P8 & & P engtiz e Folimonova and Achor (2010) 2 3R
EER L OFEE o R REBGRIIIOE A0 o A Ao G s ZpdehE Y
WA IR PR A2 @&mﬁﬁi;i?ﬁ%ﬂﬁﬁ@&°$»QM%??EZFH%
B AR A L A FeORE R B FIRRE AR S - b T R U 7’
B EH Y ATH S RSN mp R d Rl 6 MR EA= 2w ¥ 1
i A AR RTH .

FARF RN DS F A 2 G A EF DR AR RS TR
e ikdy o Lietal (2009) 4 ¥ 7K - RIF -HEZI AHHfEFDE &

FRERA PR E SRR 0 R LR R R ARSI 2
FlEE S R F Tk FEARS 25 (2014) #-v i b ey BRiR Y
ot BEFRS > A1 FHESEEN 2K RHEFTIEI AR BEEFRE
f},"ﬁﬁjﬁﬁ‘d’—,ﬁ’}iu T ERHEEF AL RIS 0 B L2 LR i
ke F R A s A B R 353 0 FEE (2007) 2w B etk A ks
%%’%%*me%&ﬁ&&’ﬁ%%m%?mﬁgﬁi’ﬂﬁ§%£§$%

-

o MBWE TSR T T RN

AR T e o HRMSFRE L e s > A H R AN 0 32
FA 7 A fEE (yticcycle) % #s ¥ (lysogenic cycle) - A 28 ¢ 4 j#

Fillok TR NEE BAPREAAHRE LR E T U EFEIF AL DL I Wi
% R¥EF % (prophage) - & ¢ F A8 R & % (plasmid prophage) ;5% 47 ®
(Casjens, 2003) - ,T&ﬁiﬁiﬂ;‘g FERA T EPRERMORATFIFT N G B
BREALAT S RERE BPE I BERRLFEAF - FAE - PR
FTHROGEFTALVE-HRP IR R RR > FHERT LR ARE 0
%3 b e g 7L (Daietal, 2019; Louws etal., 1999) -

dNFRHALREANE S L F RE L 2L F1 (Zhouetal, 2011) » p A
WO R AR EFE o RATIMARR LR Y o B W g ARG =
& o Zhang et al. (2011) # 47/&34#f % 1 * » & 1 i9'Ca. L. asiaticus' UF506 - % 3R

11
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B 1B TR g 88 0 4 W4 SC1 ¥2 SC2 > SC1 # § suspected lytic cycle 2 F]» ¥
gﬁ%;igag@»gﬂﬂ,gﬁﬁﬁmu&ﬁmww}& » @ SC2 4% 0 7
Az p b 2. AT B ey F L & Al > % 12 excision plasmid =75 5% 4§
B o gt b SC1 & SC2 % 3 %2273 hitig i (lysogenic conversion) e %] > & 2
TR BEF P R A RAE RS R A F

K,% iR jxfl-&é # 4F ¥ 3§ 1 SC1 (T1 prophage, NC_019549.1 > &= ™ @ f
T1)# SC2 (T2 prophage, NC_019550.1 » & < = f§ £ T2) » Zheng et al. (2018) %
Rk p ¢ We 3@k a? 7§ &7- ¢  prophage » £ ¥ Type 3 prophage
(P-JXGC-3,KY661963.1 » &= 1™ 4 T3) » (T » # M 5 REFWT it
B BRRA O EBT2HTI 2 2 £ 5 h o @ 2 9T AR 5 - BRER
Wod R AEFERTN B o 2 Rp R Al e AR R
(Dominguez-Mirazo et al., 2019) -

SEFM A B AT A R N RFTAE O LIV E
o ek R o e B Fuetal. (2020) 4 3 i 443 T fr iR B T 0 A
REEF - R MAREGOFARAP AL LR LB B R ARDRERT A
B ZRAEE s Pt E R BT LA A B B F T B9
PR Mo B~ R R o EFM G R DAF SR &5 R > Dasetal
(2021) PR UE AR TR R A FE > BEFRI BB R OF I REET A
Fenkih o gt bR A R E T Z B AT B E(2 7 ¢ BIRF HT2+T3 e

BE) TTHRGERM LS Z A B IRG R Ap e FWikgg o U e

$rF AR A T 0 EEMT KT R E TR ERE F 4 (ainetal,

o B EI R AR R F L i st (Fleites etal,, 2014) © Bao et
al. (2021) MAIERFL A FEFRLF R AS AR LF§ bk
RELL €5 3 - & mpfaﬁ"x’% B > 5% IR & Nianju (Citrus reticulata) + > T1
CLlas ¢ 2 = @ AEeng b2 fé’:ﬁjﬁﬁﬂi m T2 CLas 1% = & ﬁ']mﬁ,ié%},?aﬁi v e fyhm
# (C. maxima) % §%A14c @ ¥5 (C. limon) + RIiZF P AEALR -

12
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EEEE P A G MES Wom R R A TR g G ARt o
Tomimura et al. (2010) 4%+ bacteriophage-type DNA polymerase region * nusG-
rplK operon & 1 A F]H LK 2E51 3 ¥4 5 2 duplex PCR & RIZnsk 3 4 % £ %o
e }I;a];] » IS Btk A ot genotype 110 ZAm AT R A 2 IR ARIT A B2 o
3§ otk A o genotype [ 05 (2014) » % 1 EfE 2 AR FES
AR BRI E A B S L genotypel 5 A0 b 3RA 5 genotype IT 0 @
genotype Il NI 2 F @R 5 &g - p (2017) p 24 &4 0 FBE 5
It A o R Zhengetal (2016) #r3K 3 insl =+ 4 AT MRl > HRE
Tl etk d g g v oI5 BREDE RN 2 & CTV g g F 1 6lIRF > 7

Fed TIhfppme s @4 > 0 H TIR L 5 B T204 & &
Wi s R

13
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S Mg

|

i 5

%+ Hungetal. (1999b) £ & (2022) 2 4 P e 5 Bejd o 2 & 15 e (716

B8 02 2 e P s TS 2~ 2 ml Eppendorf® Safe-Lock Tubes » ¢
* 3 REFT B4k IR 0 4~ 0.8 ml DNA % fi% 35 P~ [100 mM Tris-HCI, 100 mM
EDTA-2Na, 0.25 M NaCl, pH 8.0) » & * SPEX SamplePrep Geno/Grinder®2010 %
@ SRRSO 0 2 1,500 pm B 8 A4 AEREAS 0 F 4~ 0.8ml
DNA 24 5 B~% ~ 0.178 ml Sarkosyl [10% N-Lauroylsarcosine)] > ¥ /& & 353 » 3%
§5°Csz7% 10 A 48 0 1 6,000 rpm 4 5 A 48 - B~ 0.8 ml } ik I #¢h 1.5 ml 4
g ¥ o 4o 0 0.6ml PCIL [Phenol : Chloroform : Isoamyl alcohol=25:24: 1] %
AR E R 5 11 12,000 rpm B 5 A4S B 0.5ml i D AT LS ml e

# ¢ > £ 0.3 mlisopropanol £ 48 3 - # 1 Gene-Spin™ -V>

Miniprep purification
kit (Protech Technology, Taipei, Taiwan) # & 7 Spin column (¥ £ 22 Collection tube
W) R 3 440 12 12,000 rpm B 1 4 4 0 54 collection tube ¥ e
% 2 4o~ 0.7 ml 70%iFp £] Spin column » 4 12,000 rpm - e 1 4 48 0 3
collection tube *® =gk » 2 12,000 rpm &< 3 A 453 ",f A ARIERE 5 4 r 100
ul TE buffer [ 10 mM Tris-HCI, 1 mM EDTA, pH 8.0] (5f £ e #: 3 65°C) | Spin
column %-F {& » # % 4 A 481 {5k 4 % f# 5 # Spin column # | #7:0 1.5 ml &
F b0 12,000 rpm B 1 A4 TR S PR E B o

= B L PCR F B2 %08 T A4 47

A iy %E’Lfﬁ » ¢ * Hungetal. (1999b) #7332 % %5}}%% - B33
PCR # 057 F u BN €17 P AR5 718 1§ - WA f 5 25ul > ¢ 3 9ulddH20 > 12.5
ul 2X ExpressGO™ PreMix-CE ~ 1 ul pmole/ul primer pairs ¥7 2.5 ul z_ 3 e # -
BRBREELS D94°CIEY 2 24 [94°Ci¥* 1 & 45 > 60°CiT* 1 ~ 45 > 72°C
fT% 1 4~ 48] % 30cycles ; 72°Ci&* 10 4 45 °

14
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d N E SRR BLE RS BREER 2~ k4 o R BT RNA /4 0 B i 7 PCR
B o 7R B AT K 4> & RNA F #4555 complementary
DNA (cDNA) » # Z#4c™ @ % 0.5ml fic& 4. ¢ » & § 4 » Random primer (0.2
pg/ul) 2 ul ~ ANTPs 2.5 mM) 8 ul ~RNA & l6pul > R &£353 18 > 53 PCR 8 %
P65 CR S A4 Bt Btk o & g 4e » SXRTbuffer8ul ~ 0.1 M
DTT 4 ul ~ MMLV Reverse Transcriptase 2 ul » % ** PCR 8 % ¢ » 3t 25°CF J& 15
A 4—42°CF Jis 50 44> T % cDNA & &4 8 o vz bt B9 & 2. cDNA #
Ao kMR RIZ gE (CTV) ~ B (CTLV) & girbp (CEVA) » 47k * 2 &
- 1513 4 %k p Hungetal (2000b) ~ 55 (2012) £ 4K(2015) > 513 A 7| F
RIS (e - ) BARBHRGFRY 5 1 04°CIE* 2 448 5 94°Cie™ 30 F) >
58°Ci* 45 F) » 72°Ci®* 1 ~ 48] £ 40cycles ; 72°Ci®* 8 » 435 o

= . éfﬁf_ 3 }]%;5«] real-time PCR & o' 4

# % » & * TOPO TA Cloning ® Kits (pCR® 2.1-TOPO®, Invitrogen™) #-7% %
PHEAFIFERZ PCRASFEAT|FHY » 7‘5%41\?—[ :3* PCR tube ® 4t » 4l 2.
PCR A4 ~ 1 ul 2. #3% (salt solution) ~ 1 ul 2. pCR® 2.1-TOPO® vector » ;& &
B NEERETE R30S o ¥ b BH 25 50 ug/ml kanamycin 2
1.5 % LB (Luria-Bertani) #]f3 % & (07 §A LB/Kan 3 % 38) > 353 %3+ 40
ul X-gal % 40 ul 2 100mM IPTG » Brgc & * o FAE F R~ {8 » P~ oul &2 23
B2 4 e e (IMI09) R & » ki 5 A4 S5 r 42°CKiEH Y
heat shock 30-45 #) » £ = 7kig 5~ 48 0 Mid 4 » 300 ul 2% & LB %% - »
37°C & a7 1/ FFwdp o BpFiRsa3 > i LB/Kansg & A b > 2§ »
37°Cr &40 12/ pF > BFEFd &> PE DD ¢ 7/F > LBKan 2 FE B % A
Lo I BAPCR 2 ST AT DNAZ A EFREGTHMAR R X
TPHRFPERZER TP RVPELTAFEAD WY > SR F I DNA % 2

m

B:pup 1l‘i!r"—1 ﬁ)»» 5 JJ}E °

BF g A2 m*];’]"‘ 37°Ci f6 3 % 12 /] p# » 91* PROTECH Gene-
Spin™ Miniprep Purification Kit 44 2~ 7748 DNA » # Z#4c™ @ #- 1 ml Fi 2 13,000

15
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gagps 1 44 FIH-F R o 4o r 200pl solution I %o 48 £ 1@ 273 f& » f 4 »
200ul solution II ~ 300ul solution III » + ® @ ¥ & 3 > 12 13,000 g &< 10 45 -
B~} i ig) ~ spin column ¥+ 12 13,000 g s 1 A48 BT K gik o 4er 700
ul Wash buffer » 12 13000 g &t~ 1 4 43 - 12 13,000 g 4~ 3 4 483 % g B
spin column ¥ *§z7% 2 e B s F ¢ 0 12 65°CUgz 0 4 14 4v » 50 pl TE buffer
GEA4e#3 65°C) #E AP LA Zid ) 213,000 g3e 1 44
RA S TR DNA - SRSz o B SWUE AT L RpFHE R R
ZAFREIFEAFI R R RpArFEEPRIERT Y lpg 2 P 7 AT
‘e (copy number) - el 7 10" % 10' copies 2. &% & o

P Real-time PCR (Polymerase chain reaction) * J&

* =X F7 3 % * TagMan primer/probe ,% 3t > ¥ 44 v (2009) 27 7 ¢real-
time PCR :#5% % 3" » & 5 F2 3+ HEFER L kg Fm 2 | I B e
AFVR AR VRN E R 95bp hSecE A T2 B S MM IR Y 8

Christensen et al. (2004) X3 ¥ Bty & & 68 bp 79 18S IDNA 2 & 7| (*iHék %
= ) ° F ﬁ:?;l’-v— I——‘&["—r .

2X Tagman Gene Expression Master mix S5ul

Probes 0.06 ul

Primer pairs 0.44 ul
(& % kB ' Forward primer-396

nM/Reverse primer-396 nM)

DNA templates 4.5ul

(3% £ 90 ng)

Total volume 10 pl

16
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BR LFI%\M it 150°C,2 ~45295°C, 10 ~ 45> [95°C, 15 260°C, 1 ~ 48] x
40 cycles

%G 5 AR R 2 secE AT (RE SRR ) 0 BEAIFR
fe® 10'-10'0 2 838 5.75 > i& {7 real-time PCR ff jp] » i = © % copy number $}/&
¢i1 cycle threshold o %3 tgiE 427 > F FFip] 2_reporter dye 2 11 e £ 5 & > #53iF
BRSO H AR Pav A ? FRRATATIM E g o R IRIT
= ¥R e

T BB LM SR R g B
L R SR

FoplE e B B BAE (READ) - AR RIE (R AR RR
(B ab) ~F &5 6 (i) o ti v RAFDY LR B RN (F L
BIFRE) ~ M (FHAE) > 2 AbpaRE (R ARIFFE) - 2 2 (WAH IR
RE) o P edpdRfE w2 @S PCR & rtPCR R 2 e < la— F 35 - X5
B RE RS ORAER  AERE Y R RFASE SR TR ER T 5 513 2 e
S (A - ) e B X bR RERERY R ) Ao T R R
YRR R - E ARt T A PR R RS- E e
PR s ERRERR R A K- 2 (g )

PERE

\\

2. THRERFRCHFER
N F AR AR F R AT RS R DTRI - LFAZF ARG R A
ffﬁ’v ff’vﬁ' (5°2014) > FIFERBRIBYT > UEEF RS RERAS K B
AR MR T E R R R OR LR T Sk Heh
B itk o T B miRs | SRR A 0 T2 i 5 PCR & tPCR fi
WiEF Rdps RRE ERBA—Z R BEREBEE 0 A RFR T - {3
R~ 7 o Rl i e R N ERE 24 BR T BE RS AR
A E R S A g 0 B R R AR TR SR

3. Real-time PCR Rl & & &3 3¢ &
17

doi:10.6342/NTU202304297



FEEE FE s g
B ¥ wdm R E eF LM A Flle & B (copy number) ,’{ﬁ“ﬁb RS

fﬁ&fﬁmﬁfj‘;&é& it °5f§-f§ﬁﬁf‘§'w F-B P4 &0 3

¥EE 2w pF a3t 0 2 Real-time PCR #7ip] {# <0 Cp

.21\14

o A
JE R S - DA R
* Real-time PCR ®Rlp R 7z £ %1 > # g EBEP-3-4 7 E > 2780 -
& ezt A 47+ > @ % SAS Enterprise Guide 8.3 #c#¥ 17 ¥ f& 44 ¥ “£ 15 % RStudio
PR BT AR A AT L SRR R R R 1 > b f2 14 Tukey’s HSD i & 23
AERROFRELT L EFLRL (=005 -
4. plcE R ERTRE
AR Ry R AR (PERE S A HERRE) 28 % > HiET B EA
B AR ki o [k A ik & U ET AR F 14 B 2
RAGFHSB - ARBUEFe B A BB e o
RyEF o 2 S ip b3 B D fem B & (disease severity) 2 5
é:?%&%ﬁ%ﬁ#@&/%ﬁﬁﬁ* el x 10 (e Bef R A1 53

Pt s e Bop A BERWE TR ERERFLLDER > TR ALY
thigih > P hiR AR 2Bl 25 D (REHREZ T LER - RfiE

EEHREZ T34 L E R x100% -

N
=
\d—
i)
na
bl
bl
i
p—
~
i

szt a7+ 0 i@ * SAS Enterprise Guide 8.3 #c#8 (7% i 4k 7> ¥ 1 R
At A (FEBEFEAF) & Wilcoxon 2 (FH* B EF LA H) » 1H
T

w2 A EERTIETHFHLE (0=005)

cE TG B E SRR AR R BARA o ¥
femBE AR X FEXRZ Y NiERBHLEEWUsF R - 2 X=3,Y=3
s AEOEFFS CRRELEAS (23) DFHES (Zlogld) REEAR R

fempbtR® (23) I HEM (Slog3) A7 RER » epbd R (£3) 2
FE® (2log3) aid AR B fRkER M (£3) 2 HEMN (Slog3) #:

18
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it o & 1) HE tk:#% ¥ 8-14 month post-inoculation (mpi) £
SRR 6-8mpi ch %k (FL e FE P anT R BE
* AB% o
Ao RARE BSOS

1. #mEFZ2E ,},%E]#q-ﬁidﬁ

T EN

R OE Y R (AR

FRE (R AREH) &2 2 (FERFEH)
) s Rig (B ARFARD) v L (D) -
TR EHE 222
sz 1282 ik fAy

o~ BLE P BEEER 0 FE

P /4 (I‘HTTY“)
2 FRIEE EATHEER
Jn 2 Fg;}?acvanﬁvﬁx.ﬂ% iR ,ﬁ’“

20 > & =

2 B Y HRAR B RN REA 12

3. REFRBRLES TG ERAL

RABGET 3B AATE

B oAE

B A
R EFRIEE o F BRAS
R R FREE NG HEE -

AR R BE R R
AR R RE
P TS
PSR R 0
e Bl etk & Bic x 100) ©

NEES

(%) =

Bl TR P T B FTAR

19

EFEHERW (RLw) o

P B DB B R F B A TR 20 £4  (leaf disc)

‘L-‘}c iF % IZQJ}%\

F' ‘:r'ﬁé A

T

& (B rb) ~ BIF (A
B (R ARIERD) M (R

Fgn

i

LB AR 0 BARGOH R T UG A S H i
T (R E THE Y &
%) o P~ PRI Y L B 5 PCR & rtPCR Heipl 4 2 2 s — F 305

#”J"Liﬁ,

£ 3

A

FERE Y ERRFATE L ARERY 551 2 RS

iz T 5 R R S R

7
2_A g%k o

FFE 0 T HRAREEA Y 20 24 Ae 0 BRE 10

FiEE R

w4 B~t7fk 18 0 2 Real-time PCR | € Cr & » £ %

Lo PR~ KT R TIEEE L AHT
Fengs g a4 Cr <37 ihfk AL 5§
R G

Y
e

b ¥aeR AR o
AEE R
RIT]p et A e/ R

£¥ i nEAS
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ANOVA(FH R EF A T) # T FALA @ & ¥ i 1% Kruskal-Wallis test #
Toof AR S s g F L R > £ 12 Tukey’s HSD (ANOVA 1% £
# %) 2 Dunn test (Kruskal-Wallis test % (& & €) & 7= & SR dvt 2 (0=
0.05) -

=~ R Hp P ‘é’é’)l’;‘im:fﬁ’]@-

1. EH2¥%%384¥H

ErirpfeptitheanE R Rz ELFEREREKRG TAN > 2 FEL R
ESAREF2ZEEZeip kAR - # % £ 3585 SPAD 502-puls handheld
chlorophyll meter (KONICA MINOLTA, Tokyo, Japan) & {7 23 1 # B - Fefd =
HRRERr A AR R FRESFEWESPE XV EE R BE R
P TIER i RTESE R I &

f 53t A 45+ 5 @ * SAS Enterprise Guide 8.3 #ic#8 (£ % ik 2 % ¥
At (FFHEPEYEAT) & Wilcoxon # 2 (% FH# 7 # &
MR LS LFFRRRORA B TR I EATE T HEFLALAE (0=
0.05) -

2. AFIZREZALRALA

%+ Huetal (2017) # % > © sohip REHRL - & PAEFETHFLRE D
# #] (Differentially expressed genes) » $4iF 1 H ¢ v B > & B §_glgd (glycogen
synthase) ~ LCHbI (light-harvesting complex II chlorophyll a/b binding protein 1) -~
CESA (cellulose synthase A) ~ XTH23 (xyloglucan endotransglucosylase/hydrolase
protein 23) » 1% RT-GPCR st e 47§ 5 & B k2 it B ik > A FHsr
£ 4L B > T2 GAPDH (Glyceraldehyde-3-Phosphate Dehydrogenase) 1% %
internal reference control » 4/ Ct method (244CY) 2+ & sp 4+ 4 ME - L F|2r 3l 3 Hi
Moo BLEER (kA Z) o

d WA PEEPDIEY 77 DNAZ RNA PlE#&EM 2w 0 FE2 43
f DNA » EF &S i e RNA F 455 cDNA » 4 #a qPCR 4 47 » % i* RNA =
#H A2 4% * TURBO DNase™ Treatment and Removal Reagents (Thermo Fisher
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Scientific Inc., USA) » &R iR # kaff iv L P 27 > ﬁlﬁﬁr"’: D H0.5ml
Hed Y g o be r PEE R & 8l ~ 10X TURBO DNase™ Buffer 1 pl ~ TURBO
DNase™ Enzyme 1 pl » /R £323 15 » B3> PCR B¢ 37°CF & 30 » 48 > & {5 B
4 » & ¢ 4 » DNase Inactivation Reagent2 ul » 287 F & 5 448 (427 $258
2-3 ) Hes 2,000g,5 2480 B~7 3 RNA et ‘)ﬁ-;‘fi"f‘l%ﬁ‘fé + 5 T kit RNA
2k E

#4185 e RNA > 12 NanoDrop™ Lite Spectrophotometer (Thermo Fisher
Scientific Inc., USA)B| & Ptk B & 4 B » 2 F 27 F 44 RNA 7 4
cDNA - # Zg4e™ * B 0.5ml fcE 4.~ ¢ > # § 4 » Random primer (1 uM/pl) 1
wl ~ ANTPs (10 mM) 4 ul ~ RNA & 8pul» R £33 15 » 5+ PCR IS B¢ 65°C
FRS A4 B~ig 53kt > & g 4o r S5XRTbufferd4 pl ~ 0.1 MDTT 2 pl ~
MMLYV RT enzyme 1 pl » %+ PCR $ B ¢ » 42°CF Jis 50 A 48 » T % & cDNA &
= 3 o #7F cDNA tk & 2 RT-qPCR i& (7 @& & * ~ 47 > *F %4 ¥ SYBR
Green ,% %> I %+ Huetal. (2017) #real-time PCR 3#5 X 3+ #2 primer /& 713%

PR R e

2X PowerUp™ SYBR® Green S5ul
Master Mix

Primers (10 uM) 0.4 nl
DNA templates Il
ddH>O 3.6 ul
Total volume 10 pl

F &R TR R 5% QuantStudio™ 3 Real-Time PCR Systems (Thermo Fisher
Scientific Inc., USA)® & {7 » if & PhFRiE i+ 5 1 95°C» 30 ) ~[95°C > 5 ) ~
60°C » 25 7 40 % -
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Bt A 45+ o * SAS Enterprise Guide 8.3 #5 48 (7% i T > ¥ M E#H
At E(FRPEF LA )N Wilcoxon e 2(FALA # & ¥ A ) i &
Al BRAEFeafdRe AFLRELTEFHFLLIE (o=
0.05) «

PN Jf‘ﬁ% %:Fgmé%"fﬁ,}ﬁf*i% Iﬁ]}ﬂ}%"’ipﬂﬁz‘ 'J’;’%E

1 #®HE332
SRR B ELE R AT RFER 4ﬁﬂﬁﬁa@ﬁﬁﬂﬁﬁﬁ$’i
SR L ELBMIEABE  WHIFHEERS S T
ZHECFREEFE I HX L v R 4P R RTRFHEERS
2 B AL CFEE CFEAFEHEERB IR 4P CEE T WE D
B RdeT 1t b L RfEd BRRET P FHEF 0 S0 E B & BB E
# 8-10 1At > fed® it 2 fep B R (G il ifdic / #1F K iEdk x 10)
3 %% TR ORI (A ) TR e s S R £+ S e PR
EXF AT AEORY > HFHREEE EH3 4 F 3 L iE (Iwanami et al., 2009 ;

FE 2105 pteh s X by RREFT N Al E AT e

2. hﬁﬂﬁﬁiﬁﬁﬁﬁiﬁw
FHRES L E P RS R A B PCRGRIETE R AR AR
F R A R A 'F%:ff‘v (P AR/ B PRIR) i A L 1L Real-time
PCR » 178 AT o fity> 4~ 47+ > @ * SAS Enterprise Guide 8.3 $t#8 ¥ # i |+
b FFERALFE S HTFF ANOVA(FRFPEFEAT) T FFHR
A28 7
1 Tukey’s HSD (ANOVA 1% {4 #& @)% Dunn test (Kruskal-Wallis test 1% {3 & T)

& % f& > & * RStudio i¥ Kruskal-Wallis test & Z_> % &% DFE G

& FA A SR PEE R (a=0.05) o

3. RYEFAMWIRR
FEF A RRRE R B B A 0 {1 Baoetal (2021) # 3 ¢ 2 3]
=+ ¥ 12 @ 3L PCR 2] T1 prophage ~ T2 prophage £ T3 prophage - /§ & % i
5 196°CiE* 5048 ;[94°Ci®* 30 ) > 60°CiT* 30 F) » 72°Cie* 1 ~45] £
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35 cycles ; 72°Ci®* 10 4 48 o PCR & &~ PR RE 3 A & 47
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- MEFERLEFRAL

1. Real-time PCR 2 8¢ R FHE# L
FF PR B2 T 3 8 5 248774564 Da > H itk AR 5 1504
ng/ul > G B @ Lul b ? 5 3.63x10" B F 4 > 4e ddH20 #-f8 & 10'°-101
B/l 2 7 e A S TP L s LR ehik 8 & 0 12 Real-time PCR 1 iR - 23
S CriE o B T 28k 5 XoCriE® 5 Y FaG Rz BEy
S F Y Y =345 xTog(X) +39.199 (R?=0.996) » i & 5k £ 4 ¥

7“—5&_1,’;‘;%0

2 A FHESALRR AR EH

i A xOEREHGER TR p Ak i T R Sy o
ERe ik p Laa B IREEe ZRAIFEA P o fl2 5
Fremont) ~ & # R (>~ 2 ¢ > H2 5 depressa) ~ (3t A2 ¢ 5 L2 &
Navel) » % £ 5 6(>* A< 7 » f2 % Ora) ~ B4 BEFCT A2 7 > F2 5
Eureka) ~ = (v &< ¢ » f2 5 Wentan) ~ f§ 4 (>+ < ¢ > 2 5 Tankan)$ {1
MO A~ d o gz 5 Ponkan) o o fEREEHET A H 14 B P (i ko B
P FEFLEF 0B 2857 ) A EREGHRIBFEEF 8B -

Bt A RII R RO E R B FEORREEES FL o Ak
REN(F-)E(F D) AR RIFERFOFRRY o P HERE B
Rom BEREEEF? SAFRFPHELR o JHERELRBET BT 05
25% e Phde i R T R ] 0 HRAERS F 2 B0 A2 80% S E AR RIT] R R
F A BeaRBE sz B0 0 2 5] 20%:f kg RIFRRE BB Y B
T AZiE 80% T E R ER G RITIE R F 7 °

THERERY RS E- AR L THRE > AT EHEY
Gleb s BAIFERAEL S 3B EEF Y E 6B (TRESAFAEN LD
BR- BREAIEAEES - LR RARREB L TIHHE > Jd 31 MES RA

NRCR I BE R R I s Bl AT R T
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L Pk R 2 TI9FE AL 10,000 copies - W ~ & £ 5 5~ HLR LR 4
5,000-10,000 copies > 1% 5 3,836 copies » BA4e R 5L 0 F & 5] >+ 1,000
copies (% — ) °

AR o S EAREL &R F L THEE > R Rl R 0
F3MPEFER - Rphg2TORE I FIHEPEI REZEY R £
R Y BB RIF 2L s R R R SRR TR
£ 4248 10,000 copies » % £ 75 & 5 5,884 copies > ¥ ~ B ~ BB EF - A
% 1+ 2,000-5,000 copies * * £ £ 57 & ¥7-] >+ 500 copies (% = ) °

FHAR R Rt > T RRRE B SMAEE AT TR R
FEM AN R FE 2 Yty WITRB IR (B-) 0 & ST

BEEE RBELARAE N (R Z)I(R A TR anFpEEFRSUEP 0
SRPTIEEE -

JHROE T AL S 3B FEE AR % 0 TEERE L 3,836 copies
KA Lt eEE B 5 BPFiE 2 AZiE 1,000 copies > % 12 B 7 X I R G 62
copies » % 13 i * {8 % ¥ 1,000 copies 14+ » 4riv 7 42 3,000 copies (% =) ° =
fﬁ?%ﬁjfi‘f'l’%&iiﬁ%é ¥ 6B chiEE 4246 1,000 copies* % 7 B! FERF 0 i
2,169 copies > &L &% 8 B 7 ' 1 1,000 copies 11 T (£ =) xR EJIF AFHE
HEREHER  BFFHES A2 Pt B M ER S - FRESOFRTNA
Az i 10,000 copies > #5342 47> m > 5F & 2-8 month post-inoculation (mpi) cH#c
Pgo VRS P HERGFT SRR ERERF B TS k2P =0.0077)
(2=2)(R- A)-

AR R ﬁ%‘%&i&fﬁ%ﬁ— R AR T H AL 1,000 copies > ¥ 3 B
PR B LA gD o § 4B hHEERF 0 T5557
copies (A ) o ~ fEthenn F RIFAZMAE T ¥ 8B ¥ > FE * 41 200 copies >
e B RERTA KPR % 6B ST IBEE 161 copies ;B (%
E)o AR H B B A R BRFDAE RS Ba e AR A T gt
fJ‘tiJr%e‘v’fﬁ'ié‘_%ﬁv“ S ERE S AP G 0 A 2-8mpi dlicdy 0 ] fEtk
EAFEEF R A ke (P=0.008) (42 ) (F- B)-
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JHERERE % 8 1B P B L AZ4% 1,000 copies > T i P X T & 3 26 copies
REfS R bR A B AR 0 & 12-14 B 7 ch R 4238 3,000 copies © ¥ 14 B 2 i
F]“féﬁxr’g » 3¢ 5,031 copies (£ 7)o * futherifE bk fdis L & p FHEML T A

% 6" EhFE > T94,996 copies » SEisE 7 T E 0 % 8B hFE 5 723
copies » 12 A AAEX(E T ) o A LR A R BB 2 E R T B
BAEARE- FORE  AREAHSRE LS L RD S BRFEA G 0 RS 2-
8mpi trficdy 0~ L EKRGFRE T BB F L E(P=0.1600) (2 1) (F- C)-

PR £ S ARBER 3BT 5 - ) 3% > FAE S 1,843 copies 0 ¥ 4
B2 2'E o Rgfe R 3 1,000 copies 4 b oo T MIFEL L A HB Y 0 % 3B F
2 & § > T196,483 copies s a3 > ’&_%’]fé_”ﬁ 24 g‘«,ﬁi‘@j;’_ﬁ%é JV:RER=gl o R
b £ 43 1,000 copies(# = ) o = fE ki PABMBUEFSBY A G PN
g A% T B EFRERE > L5884 copies’ F 8B v LT WA IR
BEFERUREGE ) P HERBERAE Y- 212053 AL >~ EHRERAE

NEEFREIEFFHE > PHOERFFHEE IR ARERS ] FRRF
LA ARF AP G 0 K8 2-8mpi il 0 &~ P HERGDFE T AR
FALBP=037)(%>)(B- D)-

JHERPE SR AEBE RSB > HEE- B 8% > Ti5 409
copies » RS FE R 5 T 0 AMAFMA %iﬁﬁi’iﬁﬁﬁ¥13ﬁgé&$’
TiaEE 5 8ldcopies (£~ ) R4 R FF BB PEHRIF > FHE
$idbH F o THFHE AT H A2iE 200 copies 0 FEF = B P 0 H ¥~ $k(ShEL LS
A& % i 10,225 copies » & THFE B T 2,560 copies > Kgfs % 4-5 B P T o

AEATZ 00 % 6B 7 4 ot 2 > L3262 copies »

5760 T EE 197
copies > % 8 B " FJE* T % I| ¥ 4 33 copies ; L dfEF Fm FER? o L1
ez fk o E- FRBGFE T AR 100 copies » 3 fi 3 72 it g (%)
AR NF R R e A BB AR 2B E 2-8 mpi By 0 < - ) HE
W B et L g E L B (P=0.5220) (% = ) (Bl- E)-
JHEtRENY L AR Y E ] By PREHE > % 8B N l&:ﬁﬁ;@‘_i&
#F 10,000 copies » % 9-11 B ! hL 32 E 4+ 1,000-3,000 copies » % 12 i *
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%ﬁjﬂ’*¥14%9é&$%’iﬁﬁihu%aM%ﬁUQO*ﬁﬁﬁéi
B E T 0 B ke AR A A2 100 copies > i R FerH AR E 0 % 6
7 hTiaEE BB > 225 copies > H AP BT 39 EE ¥ 7 AL 50 copies (#
Ao BRERAREEEN > SRS PR G ERDE L T LD
THRAERE > EERFOAELRE LA > FE28mpi hARE AR B
@ﬁ%‘+Eﬁﬁﬁ§§@¥iﬂ@=0mwﬂi“ﬂﬁ—Do

D tRRLR AR S SR F P ARG > TI9EE 1,581 copies 0 & 6
B2 Es g 0 THERE 6,479 copies » “TF Ltk bR fhis 6 B P P Flgr = (&
1) * itk AR AEE B 45 B0 s PARGE > 8 6 B 7 A2iE 1,000
copies > T % 8 B ! E A B4 > TIDFE 10,764 copies (£ 1) o * ] LR B
BRAFPRAN CHEREBRBREEELRHEEE T o R AEE
BP0 0 5FE 2-6mpl HF BRI R B EHT
¥EZ2(P=0.1744) (% 1) (B- G) -
TR AR RSB > HEPERS > TIHFEE 1,093 copies ¢ /L

VM ERF R ® A

AT TE 2% 10 B % W4 12 copies > BEfs ~ Hy = > 3% 12-14 B 7 A 4p ¥
e % 13B 7 nTHFAEEF 0 7,219 copies (£ ) o < fEtRefi Y B
6B HEMERL CE TR ko It’af;ﬁg_ 4,881 copies » % 8 1 7
T8 3 2,468 copies (£ L) * itk R RARAL % > A iE AR fER T - £
PR ARG RFIFETTHAESL A0 A T 6 0 FE 2-8mpi hFEE
g BREA A L REE R F LB P=00761) (% L) (M- H) -
EEAFORE LR o Ml fERed s fiRe s B SRR T RR B
mﬁ@%l& ERCARRR O B (Bl o ) ol ERE D FRE - FASERHHE
15 iR 0 RS PR AT LR (W
A BB FR N2 L2 09 RIFE

3. FURHLLRABEE popk - RRELR
B ‘ﬁi-?f;é_.fé:’ﬁ BrAde > B B pkbifn? ELE - PHAEF > (FL 2L
Foondpih > FP NIRRT EE R o B AR K21t b0 K ]
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AR AL 5% HB T3 hte~ 5 0% B RS BikA? 5 95%: Hip

TRZ At a i~ F2a HplesRkRiE-(F1L-).

36

doi:10.6342/NTU202304297



e g &£ TI+T3 W b d 76% 5 5% » HBTL E 9% EHT3 & 2% %
F - AR AL 4% T FFEAM R A kp AL 2 A E-
AR AT R el AR iR ES L 2B (2 L)

FENBIUEE TI+HTI v bt 50%5 B8 > ETL & 40% > HE T3 ¢
10% » % F Z- e F Mt & 5 0%(%+- )

AT AR S B R PR (o B R Ao(E L N )R o APEOY T S P
Ao 2F EI- FERW R A HTOEHEP R & 603 copies » TI+T3
WER s HTHORE LS

FHEEAZEAIFBL2 5

b

» % 8,085 copies ; & H fi.“uf]% B ERH N Rt gl o

=g

EAAEEE RS kol L R it

B ovEgan AR F a4 - RN ADHELS o

37

doi:10.6342/NTU202304297



CAN

- HMEITTERIFRLE

L &3 3& L R HRRIE Rl

BF AR LA M & SRR e S AL R P 2 -
(Matsumoto et al., 1968) « B} A7 3 ¢ > S Hgns 5 45 fen B Z 4 ~
FOf Y R R S > R ERAAL TR MR L s A Eibh
0O NIk b (F 25 1980 % 5 2007) o T & k&S SR DA i

—

AR a2 R EOR o bt g2 EHE D AENTT 0 RERASSELSD
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78 % %ii%ﬁ‘:,ﬁﬁ (Albrecht & Bowman, 2012) -
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Table 1. Initial positive time point, peak-titer time point and the peak titer of

greenhouse-inoculated small plants

lw‘hl‘ %,v_:’ ?,‘ 2
B LR R (k) 23T B3 ToEE
I

gL 2 3 4 5 7 8 9 ,ameg

mpi mpi mpi mpi mpi mpi mpi

(copy number)

Fremont 2 4 0 0 0 0 0 3 mpi 3836
depressa 0 3 1 0 0 0 1 14 mpi 557

Navel 4 1 0 1 0 0 0 14 mpi 5031
Ora 1 4 0 1 0 0 O 13 mpi 6483
Eureka 1 2 0 0 1 0 0 13 mpi 814

Wentan O 5 0 0 0 1 0 14 mpi 14288
Ponkan 1 4 0 0 dead dead dead 6 mpi 6479
Tankan 2 3 0 1 0 O 0 13 mpi 7218

11 26 1 3 1 1 1 - -
Total
25% 59% 2% 7% 2% 2% 2%

mpi: month post-inoculation
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Table 2. Initial positive time point, peak-titer time point and the peak titer of

greenhouse-inoculated large plants

g

A de I (AP BE (1 3K)

B3 TIOHE B3 TEE

2 ' 3 ' 4 ' 5 _ 6 _ / _ 2_pERF R (copy number)

mpi mpi mpi mpi mpi mpi
Fremont O 0 0 1 1 1 7 mpi 2169
depressa 1 0 3 1 0 O 6 mpi 161
Navel 0 3 0 1 0 0 6 mpi 4996
Ora 0 1 0 2 1 0 7 mpi 5884
Eureka 0 1 1 0 1 0 3 mpi 2560
Wentan 0 1 0 1 0 0 6 mpi 225
Ponkan 0 0 1 1 1 1 8 mpi 10764
Tankan 0 2 0 0 2 0 7 mpi 4881
Total 1 8 5 7 6 2 - -

3% 28% 17% 24% 21% 7%
mpi: month post-inoculation
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Table 3. Variation of CLas titer in greenhouse-inoculated Fremont

copy number (mean + STD)

mpi
TERE *fERE
2 40.7 £ 87.9 1.0+£0.0
3 3836.0 + 2806.8 24 +£1.3
4 669.6 + 341.2 1.0+0.0
5 1151.4 + 323.9 331.8 +572.9
6 3050.4 £ 2307.5 1790.7 £+2346.6
7 1302.1 + 134.3 2168.6 £1831.2
8 377.8+484.1 674.9 +386.2
9 186.6 + 125.9 -
10 148.5 + 208.6 -
11 426.1 + 95.9 -
12 624+74 -
13 1318.5+ 925.3 -
14 2014.3 £ 1668.5 -
=R R
HE R P =0.0077"
(2-8 mpi)

mpi.: month post-inoculation

** P_yalue < 0.01

- No data
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Table 4. Variation of CLas titer in greenhouse-inoculated depressa

copy number (mean £ STD)

mpi
TERE < ERE
2 24+14 7.6+14.4
3 150.8 + 184.1 8.0£15.5
4 43.9 + 33.6 107.8 £95.7
5 204.8 + 199.4 100.0 £135.3
6 269.4 + 267.8 161.0 +233.3
7 358.3 + 234.8 56.1 +27.8
8 431.1 + 328.7 137.1 £156.4
9 98.7+41.3 -
10 1415+ 99.1 -
11 86.0 £ 55.8 -
12 406.4 + 142.7 -
13 550.6 + 124.1 -
14 556.8 £ 245.9 -
<l HEFR
FE R P =0.008"
(2-8 mpi)
mpi.: month post-inoculation
** P-value < 0.01
- No data
67

doi:10.6342/NTU202304297



L7 R BRML RS RHER

Table 5. Variation of CLas titer in greenhouse-inoculated Navel

copy number (mean £ STD)

mpi
TERE *iERE
2 463.3+ 678.9 1.0+0.0
3 715.2+1492.1 76.8 £75.3
4 143.0 + 324.3 149.2 +138.4
5 940.8 + 1513.8 518.9 +808.1
6 699.1 + 828.6 4996.0 +3707.1
7 866.6 + 342.8 3783.4 £1637.1
8 1863.1 £ 1242.1 732.1+722.1
9 26.0 £ 32.0 -
10 600.0 + 597.2 -
11 1022.3 + 828.8 -
12 3363.0 £ 1817.0 -
13 3650.6 £ 1720.0 -
14 5030.6 + 862.3 -
DA
HE R P=0.16
(2-8 mpi)

mpi.: month post-inoculation

- No data
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Table 6. Variation of CLas titer in greenhouse-inoculated Ora

copy number (mean £ STD)

mpi
TERE fERE
2 18.0 + 39.3 1.0+0.0
3 1843.2 + 2020.9 178.2 +351.3
4 242.6 + 591.6 5.8+9.5
5 1061.4 + 1020.6 770.6 +1018.3
6 2432.8 + 5023.3 842.6 £538.4
7 3377.3+1291.7 5883.8 +1738.7
8 4005.2 £ 3767.6 1354.6 +2052.7
9 967.2 + 505.4 -
10 1190.0 + 1963.1 -
11 852.7 £ 1029.4 -
12 2472.4 + 2232.6 -
13 6482.8 £ 614.1 -
14 2086.0 + 588.0 -
PR
FE R P=0.37
(2-8 mpi)
mpi.: month post-inoculation
- No data
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Table 7. Variation of CLas titer in greenhouse-inoculated Eureka Lemon

copy number (mean £ STD)

mpi
THERE L fERE
2 6.9+70 1.1+0.3
3 298.6 + 562.0 2560.1 +5110.1
4 91.8+135.1 4.0+6.1
5 409.0 + 296.1 1.0+0.0
6 191.9 + 169.9 61.8 +96.7
7 299.7 £ 377.4 197.1 +349.8
8 287.1+276.1 33.2+47.0
9 143.2 + 159.7 -
10 258.1 + 243.6 -
11 1742 + 129.2 -
12 666.3 + 360.3 -
13 813.5+ 285.8 -
14 4164+ 1720 -
<tk
FE R P =0.5220
(2-8 mpi)
mpi: month post-inoculation
- No data
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Table 8. Variation of CLas titer in greenhouse-inoculated Wentan

copy number (mean £ STD)

mpi
T HERE < jERE
2 23117 1916
3 210.3 £ 586.0 30.1+48.2
4 1.0+0.0 1.0+0.0
5 27+29 6.39.1
6 289.2+541.9 225.2 +388.3
7 1213.8 + 1866.8 1.0£0.0
8 13582.7 + 31054.9 19.0 £30.6
9 1050.1 + 1125.3 -
10 2080.2 £ 3754.1 -
11 1444.4 + 1956.9 -
12 7107.2 £ 6438.0 -
13 7736.9 £ 5082.1 -
14 14287.6 + 5336.8 -
<R
FE R P=0.2128
(2-8 mpi)

mpi.: month post-inoculation

- No data
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Table 9. Variation of CLas titer in greenhouse-inoculated Ponkan

copy number (mean £ STD)

mpi
R E e
2 33.0+76.8 1.0£0.0
3 549.3 + 9554 1.0+0.1
4 19.2+17.2 229.7 +511.3
5 1580.5 + 1860.0 848.2 £1444.3
6 6479.3 £ 8292.8 4651.517034.4
7 dead 1645.8 £1822.3
8 dead 10763.6 +10971.2
9 dead -
10 dead -
11 dead -
12 dead -
13 dead -
14 dead -
=l ER
AE R P =0.1744
(2-6 mpi)

mpi: month post-inoculation

- No data
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Table 10. Variation of CLas titer in greenhouse-inoculated Tankan

copy number (mean £ STD)

mpi
TERE *fERE
2 229.2 + 551.5 1.8+1.6
3 315.2+419.8 198.4 £379.6
4 1.1+0.2 57.3+112.7
5 1092.9 + 1406.8 259.2 +516.5
6 717.9 + 567.1 2301.4 £2328.7
7 1221.1 £ 1057.5 4881.1 +5039.2
8 339.2+ 4334 2468.4 £2902.1
9 335.8 +579.8 -
10 11.9+18.9 -
11 709.6 + 645.2 -
12 6422.5 + 5939.7 -
13 7218.5 £ 3552.0 -
14 5773.4 £ 1292.5 -
<R
FE R P =0.0761
(2-8 mpi)

mpi.: month post-inoculation
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Table 11. Variation of disease severity of greenhouse-inoculated small plants

fg;ﬁaﬁ;i & (mean x STD)

i ERR R oY
4 mpi 6 mpi 8 mpi 10 mpi 12 mpi 14 mpi
Fremont 0.0+0.0 0.0+0.1 1.7+24 27+1.8 17423 64+51 FE¥x m® FE | E
depressa 0.0+0.0 0.0£0.0 2.1+0.6 22+13 2108 23+1.6 ATEFIFAF ~fERET S FTEJED
Navel 0.6+13 0.0+£0.0 5.0+0.0 63+1.8 58425 50+71 Ex tmHy
Ora 45436 43422 7.6+25 89+19 32+07 8414 EFR M~ ATER N ~F > fERED
Eureka 0.0+£0.0 0.0+0.0 13425 05+1.0 12«13 0.0+00 ¥ &% i*z%
Wentan 00400 0.0+0.0 0.0+0.0 0407 09+l.6 18429 FE &5 itz
Tankan 0.0+0.0 0.0+£0.0 3.9+35 47+42 0908 0000 FE 5 KR EY A
mpi. month post-inoculation
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Table 12. Variation of disease severity of greenhouse-inoculated large plants

i & oo Al

FE)I;" B & (mean = STD)
5
4 mpi 6 mpi 8 mpi

Fremont 0.0+0.0 0.0+0.0 0.0x0.0
depressa 2.2 +2.9 29126 29129
Navel 0.0+0.0 0.0+0.0 05+1.0
Ora 0.0+0.0 0.0+0.0 1.7+24
Eureka 0.0+0.0 0.0x0.0 0.0£0.0
Wentan 0.0+0.0 0.0%0.0 0.0£0.0
Ponkan 0.0+0.0 0.0+0.0 6.7+2.1
Tankan 0.0+0.0 0.0+0.0 0.0+0.0

9§ s ATER A F

85 it EriAa it ATER A~

mpi: month post-inoculation

- No symptoms
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Table 13. Distribution of CLas in greenhouse-inoculated plants

£ T 35T (copy number)
i e

B R Foh Th "R 1R
] 5 Fremont 2 44 0 0 102

n @ ®¥  depressa 6 52 50 46 57

e A Navel 5 45 1 2107

* &5 %  Ora 3 55 9 1 116

T 3H Tianung Giant 5 182 103 0 383

8 mpi

4 Ponkan 1 188 0 0 376

ERE! Tankan 2 647 1 0 1293

BEA14 R ¥ Eureka 3 46 108 6 32

S Swingle 3 114 256 104 4

£ Kumquat 3 732 724 564 795

A5 Fremont 3 2846 1302 1778 5457

W ¥ ®F¥  depressa 6 187 193 156 198

e Navel 4 929 1919 0 419
*&/5%  Ora 4 17 45 4 7

TIH Tianung Giant 5 33 0 3 78

13 mpi

4 Ponkan 2 3499 1907 4182 3783

Y Tankan 3 1891 50 3694 1920

BA14c 8 ¥ Eureka 3 60 28 54 87

ot Swingle 4 2190 950 6011 255

£H Kumgquat 4 1873 829 1833 2948

mpi: month post-inoculation
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Table 14. Relative expression levels of target genes after HLB infection

Gene 2(A4CT)a
Variety mpi p-value® = Regulation®
target healthy HLB
3 1.489 1.852 0.7763 No
CESA 6 1.147 0.694 0.4502 No
13 1.101 0.572 0.4038 No
3 1.106 0.506 <.0001 down
glgA 6 1.005 1.362 0.2784 No
13 1.002 0.434 0.0415 down
Fremont
3 1.217 0.162 0.1623 No
LCHbI 6 1.472 3.062 0.3965 No
13 1.332 0.995 0.632 No
3 1.076 0.471 0.0314 down
XTH23 6 1.117 1.016 0.8597 No
13 1.026 0.366 0.1078 No
3 1.164 2.060 0.2311 No
CESA 6 1.231 3.705 0.152 No
13 3.190 1.529 0.5287 No
3 1.003 0.177 <.0001 down
glgA 6 1.072 1.218 0.5452 No
13 1.055 1.598 0.0694 No
depressa
3 1.098 0.270 0.1203 No
LCHbI 6 1.559 2.648 0.4798 No
13 1.046 1.803 0.3355 No
3 1.108 2.296 0.4612 No
XTH23 6 1.056 0.961 0.885 No
13 1.098 0.776 0.3839 No
3 1.176 3.003 0.3021 No
Navel CESA 6 1.002  12.046 0.2199 No
13 1.127 9.973 0.4684 No
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glgA

LCHbI

XTH23

CESA

glgA
Ora

LCHbI

XTH23

CESA

glgAd
Eureka

LCHbI

XTH?23

1.238
1.097
1.315
1.001
1.470
1.429
1.005
1.027
1.014
1.069
1.017
1.040
1.117
1.055
1.003
1.074
1.103
1.042
1.003
1.030
1.068
1.123
1.022
1.234
1.048
1.035
1.012
1.001
1.055
1.153
1.070
1.033
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0.979
4916
0.748
0.275
1.201
1.715
2.578
0.373
0.949
3.330
4.524
20.706
0.156
2.726
0.862
0.658
17.327
1.321
1.703
1.368
0.328
48.260
3.939
1.074
0.434
2.506
0.778
0.591
0.971
0.864
0.552
4.999

0.2655
0.4814
0.4575
<.0001
0.7741
0.8047
0.086
0.0604
0.8747
0.1894
0.303
0.2598
0.1328
0.1294
0.3136
0.1603
0.0057
0.3498
0.0973
0.6098
0.0599
0.0432
0.0418
0.8374
0.0366
0.1319
0.3612
0.3685
0.9215
0.6485
0.1994
0.0824
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13 1.002 0.397 0.0009 down

3 1.029 9.647 0.2251 No
CESA 6 1.001 392.711 0.2236 No
13 1.057 0.546 0.067 No
3 1.001 0.865 0.5308 No
glgA 6 1.192 4.959 0.1516 No
13 1.000 0.553 0.0065 down
Wentan
3 1.050 0.436 0.0455 down
LCHbI 6 1.328 4.057 0.1061 No
13 1.220 0.574 0.0932 No
3 1.052 1.645 0.4262 No
XTH?23 6 2.117 8.391 0.2216 No
13 1.151 0.652 0.2599 No
3 1.001 2.618 0.1048 No
CESA
6 1.584 3.141 0.5456 No
3 1.014 0.051 0.0137 down
glgA
6 1.255 38.478 0.0103 up
Ponkan
3 1.047 0.047 0.0509 No
LCHbI
6 1.257 1.851 0.5429 No
3 1.018 0.104 0.0176 down
XTH?23
6 1.626 6.669 0.0621 No
3 1.385 57.847 0.0687 No
CESA 6 2.255 1.930 0.8946 No
13 1.157 6.524 0.0837 No
3 1.023 0.202 0.0271 down
glgA 6 1.083 1.649 0.6915 No
Tankan 13 1.217 0.632 0.3748 No
3 1.124 0.141 0.1323 No
LCHbI 6 1.408 1.479 0.949 No
13 1.469 2.225 0.6321 No
1.064 0.613 0.3393 No
XTH?23
6 1.266 9.855 0.1004 No

79

doi:10.6342/NTU202304297



13 1.063 0.259 0.0631 No

? We used delta-delta Ct method formula to calculate the relative gene expression,
with GAPDH as the internal reference gene

® On each timepoint, Wilcoxon rank-sum test was applied to determine whether there
was significant difference between the HLB-inoculated group and the healthy control
group.

¢Up or down regulation depended on statistical significance (P < 0.05)
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21T ~FHHRBRIALRD R ERBE B
Table 15. Disease incidence of HLB and the percentage of healthy seedlings-used

in each county.

Tim RH-BR R ERAY

el FReE & 8k
RpE RpF L xEE
FAE 4 48 46% 25-100% 83%
EIE IS S S 8 25% 25-25% 100%
_‘: ,};‘L ~ J\ P\F- ~
TR 50 14% 10-20% 20%
£,
Fremont
ZHRER v 24 0% 0-0% 0%
CAREE T A S S 76 0% 0-0% 0%
F9 3 A% ¥R 24 0% 0-0% 100%
kiR 230 14% - 38%

F\i-ﬁ"\’r'ag\

BA By EipiE s 80 71%  38-100% 0%
JoE %

Bad WL L 16 50%  13-88% 100%

depressa —; »

EXE SR S 40 45% 0-88% 20%

AR R 16 0% 0-0% 50%

[E S 16 0% 0-0% 0%

B3t 168 49% = 19%
1;,\; I4 ~ _E"_ |—$ ~

3 LRk 88 56% 0-100% 82%
L7

CR ST S N SR 40 20% 0-75% 40%

Navel , :

WERE A 8 0% 0-0% 100%

F¢ 3 LH 2R 32 0% 0-0% 50%

L5 168 34% - 62%
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ZHREE TR 8 38% 38-38% 0%
Wk W 18 0% 0-0% 100%
Ora 4¢3 2R 32 0% 0-0% 25%
TR EES 65 11% 0-40% 57%
Bt 123 8% - 57%

- no data
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Table 16. CLas titer, disease severity and symptom types of field-infected plants

from varieties with market potential

#
#*
_ k] T35 B -5 B T35
i B R4 * " ERR R el
% FE FAE femkE R
& %
AL S - MR
i # 3 3908 534 - 9442 5.0 HR s
{&_“M\, j\—f&,L
S O
k% 2 444 84 - 804 3.0 i 5255
F R
ﬁn(\ j\*}llu
R A
Fremont . it oa 5
. % 3 346 179 - 479 5.7
ﬁn(\ j\*}llu
F oY
sEEE AL F 2 22 2-41 - -
TR
. R s
AR 4w % 22 12030 148-87271 7.7
Tk oA
YA
TR EA
, HAw s
PR AL 17 672 90 - 3209 8.9
R
ATEE®
depressa
L 7 161 35-500 - -
“u 11 277 10 - 1106 - -
B A Rk %
£ 15 191 39 - 466 - -
pEhe 13 222 19-671 - -
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W% 11 121 3-226 - z

ERE)

e 1 48 48 - 48 10.0 .
LR o5
B e % F AL 2
L 7 781 122 - 2140 5.9 A s

R A

EIE 0 S SN | 8 1096 15-5326 - )

EAEETY AN

= % 24 4268 39 - 24165 8.1 A% A

B A
O R s
R g 15 4565 334 - 12606 7.1
TR A
ES YR
L oy rEREE

Navel

LP 5 11 7209 142 - 17565 4.5

I}
=
bk
5
¥

# 7 4854 154 - 11776 4.6

Ora FR YA
EATES AN
ZHEE FH 4 3 69083 980-170108 7.7 HES L =ms

YA

- no data
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Table 17. Prophage types in CLas from field survey

number (percentage)

o ¥ % T1 T1+T3 T3
No* . Ca g BE
EWER* HEeRHP EWBRER
>%  6(18.8%) 7 (21.9%) 19 (59.4%) 0(0.0%) 32 (100.0%)
FHO1(12.5%) 1(12.5%)  6(75.0%) 0 (0.0%) 8 (100.0%)
Fremont
24 2(100.0%) 0(0.0%) 0 (0.0%) 0 (0.0%) 2 (100.0%)
F 4 3(13.6%) 6 (27.3%) 13 (59.1%) 0(0.0%) 22 (100.0%)
% 4(4.9%) 67 (81.7%) 11 (13.4%) 0 (0.0%) 82 (100.0%)
2 0(0.0%) 8 (47.1%)  9(52.9%) 0 (0.0%) 17 (100.0%)
depressa
B 3(53%) 54 (94.7%) 0 (0.0%) 0 (0.0%) 57 (100.0%)
22 1(12.5%) 5(62.5%)  2(25.0%) 0 (0.0%) 8 (100.0%)
>%  8(13.8%) 5 (8.6%) 44 (75.9%) 1 (1.7%) 58 (100.0%)
Navel # 3K 8(100.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 8 (100.0%)
X 0(0.0%) 5(10.0%) 44 (88.0%) 1(2.0%) 50 (100.0%)
% 0(0.0%) 4 (40.0%)  5(50.0%) 1 (10.0%) 10 (100.0%)
Ora TR 0(0.0%) 3(42.9%) 3 (42.9%) 1(14.3%) 7 (100.0%)
Z1 0(0.0%) 1(33.3%) 2(66.7%) 0 (0.0%) 3 (100.0%)
182
Total % 18(9.9%) 83 (45.6%) 79 (43.4%) 2(1.1%)

(100.0%)

? without any known prophage

Xd 2 T2 M= 2 ARPBIT]  Fl AR AR o

% The result of T2 phage was not shown in the table due to zero-detection.
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Table 18. CLas quantity inside plants with different prophage type composition

L35/ E (copy number)

¥ ) ¥ %
No TIEBR % TI+T34 48 % EBR % T3
% 140 6727 12127 -
TR 179 479 2165 -
Fremont
% 4K 22 - - -
4 207 7768 16725 -
>3 313 269 809 -
% 4K - 351 958 -
depressa
B 75 204 - -
B2 1028 844 136 -
% 1096 6606 4886 2201
Navel 21 1096 - - -
I - 6606 4886 2201
>4 - 13706 36891 1953
Ora T - 6221 4455 1953
Z 4k - 36163 85544 -
Total >E 603 1843 8085 2077
- no data
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W- ~ P ERERRS X ERERERE m HEH AN

2 Real-time PCR 2. TagMan % Jtit (7 8 ¥t T8 » B 2 %:Jﬁ B R 2 e
(A)EAIF - B)a TR (OF -D)F £5 6 BBy~ (F)> = -

(GYtid ~ () eht ~ | fifhie o B w0 ? i L) ff]:‘é_ TR
o SERE IR > A R P AR PR LW o ] PR B B R 14
B2 (e “f o FETE R R T TR Y S B P ) A ERERS
B 8B o

Figure. 1 CLas proliferation in “Small-plant test” and “Large-plant test”
Monthly changes in the absolute quantification of CLas were determined by the
TagMan system in real-time PCR. The fluctuation curves of CLas for (A) Fremont,
(B) depressa, (C) Navel, (D) Ora, (E) Eureka, (F) Wentan, (G) Ponkan and (H) Tankan
were individually plotted using the median for both large and small plants. These
curves were then presented on the same graph to facilitate the comparison of
differences between large and small plants. The tracking period for small plants
extended to the 14™ mpi (excluding Ponkan, as all Ponkan plants died within the 6
mpi), while the tracking period for large plants extended to the 8™ mpi.

mpi: month post-inoculation
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(A) Prediction of CLas variation by time
NEHREH
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(B)

Prediction of CLas variation by time
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W= MR ERP RN 2 e%ﬁ* R ch
TfEA) I EBREB) A S BT AR LT AR 0 @ % Tukey'sHSD 2 A € ¥ AR FRI ek L% - Fa 3 F
FARETAH LG S PR F L R (0=0.05)
Figure 2. Estimation of CLas quantity for each variety over time by the generalized estimation equation

In order to determine if there were differences in CLas quantity among the varieties in (A) small plants and (B) large plants, a post hoc test using
Tukey's Honestly Significant Difference (HSD) method was employed. The test results were indicated alongside the regression line. If different
letters were used, it signified statistically significant differences between the two (a = 0.05).

mpi: month post-inoculation
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[ 2 “Small-plant test”
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Figure 3. The impact of CLas on growth
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From the fourth month post-inoculation until the final month, the total growth length of (A) small plans and (B) large plants were measured. A
two-sample t-test or Wilcoxon rank-sum test was employed to determine if there were statistically significant differences (a = 0.05) between the
inoculated group and the healthy control group in terms of growth length.

"P<0.05

Y P<0.01

N. S. no significance
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/] #£¥k 2 Small-plant test
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+ £k ¥ “Large-plant test”
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(4§17 ) (Continued)
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(17 ) (Continued)
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(4§17 ) (Continued)
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Healthy

KAEIELH Wentan

(17 ) (Continued)
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AR BREH Tankan Healthy

Healthy

Wz & R H i L (ARKEN §32 (B) (C)F vpaed

() EREEALES 4B 28 () ERETERBEFY 8B L&k
Figure 4. (A) Plant stunting or (B) (C) Leaf symptoms after HLB infection

(i) Small plants were recorded at 14" mpi, and (ii) large plants were recorded at 8"
mpi.

mpi: month post-inoculation
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Figure 5. Evaluation of the susceptibility to Huanglongbing (HLB)

A scatter plot composed of two parameters, CLas quantity (copy number), and disease
index (number of leaves or branches with HLB symptoms / total number of leaves or
branches), illustrates the distribution of each plant during the late post-inoculation
period (8" to 14 ™ mpi for small plants; 6 " to 8 " mpi for large plants). The plot uses a
threshold of CLas quantity = 3 and disease index = 3 as a criterion to determine the
degree of susceptibility to Huanglongbing: if both indicators are above 3, it falls into
the category of extremely susceptible; if either one indicator is below 3, it is
considered moderately susceptible, and if both indicators are below 3, it falls into the
resistant category. By analyzing the overall trend in the distribution of all data points,
the susceptibility level of (A) Fremont, (B) depressa, (C) Navel, (D) Ora, (E) Eureka,
(F) Wentan, (G) Ponkan and (H) Tankan to Huanglongbing can be determined.

mpi.: month post-inoculation
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F A F R A B/ R A ) o R & BcH F]3 & %0 &0 Dunn’s test
REFERE LN LA EE R ST R RN LR HF
4 2 (0=0.05) -
Figure 7. The detection rate of CLas in plants
Leaf samples were taken at different heights above the inoculation point for QPCR
testing. The detection rate (number of samples with CLas-positive / total number of
samples tested) was calculated. A non-parametric one-way ANOVA was employed,
followed by Dunn's test for post hoc analysis, to determine whether there are
significant differences (a = 0.05) in detection rate of CLas among the varieties at the
specific time.
mpi: month post-inoculation

N. S. No significance
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(C) 8mpi_chlorophyll content
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Figure 6. The impact of Huanglongbing on chlorophyll content

The chlorophyll content of leaves for the small plants at the (A) 4™ mpi, (B) 6™ mpi,
and (C) 8" mpi. We utilized a two-sample t-test or Wilcoxon rank-sum test to
determine if there are statistically significant differences (o = 0.05) between the
inoculated group and the healthy control group.

*P<0.05

N. S. No Significance

mpi: month post-inoculation
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Figure 8. Differential expressed genes of Greenhouse-grown trees

At the (A) 3™ mpi, (B) 6™ mpi, and (C) 13™ mpi for the small plants, the expression
levels of four target genes were measured using rt-QPCR. GAPDH gene was used as a
reference gene. 272! formula was applied to calculate the relative gene expression
levels of the inoculated group compared to the control group.

CESA: cellulose synthase A

glgA: glycogen synthase

LCHbDI: light-harvesting complex II chlorophyll a/b binding protein 1

XTH23: xyloglucan endotransglucosylase/hydrolase protein 23

GAPDH: Glyceraldehyde-3-Phosphate Dehydrogenase

mpi.: month post-inoculation
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Figure 9. The correlation between disease incidence and the proportion of
healthy seedling usage across different varieties and counties

The disease incidence for each variety in different counties were set as the y-axis,
while the proportion of orchards using healthy seedlings in different counties was set
as the x-axis. A scatter plot was generated, and the correlation was calculated,

resulting in a determination coefficient (R? value) of 7E-05.
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Figure 10. The quantity of CLas in diseased trees from field survey

For positive samples in traditional PCR, quantitative PCR (QPCR) was conducted.
Whisker plots were generated based on different varieties. In terms of statistical
analysis, a non-parametric one-way ANOVA was utilized, followed by Dunn's test for
post hoc analysis, to assess whether there were significant differences (o = 0.05) in
CLas quantity among the varieties. If different letters were used, it indicated

statistically significant differences between the two (o = 0.05).
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Figure 11. Prophage types of CLas on different cultivars

Field samples with CLas-positive were subjected to traditional PCR to detect the
presence of three known prophages (T1 prophage, T2 prophage, and T3 prophage).
Calculation was performed based on different varieties.

No: Without any known prophage

T3: T3 prophage only

T1&T3: both Tl and T3 prophage

T1: T prophage only
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Appendix table 1. Primer pairs for traditional PCR pathogen detection in citrus seedlings

Target organism Sequence (5’-3’) of primer Size (bp)  Reference
Candidatus Liberibacter asiaticus ~ Fw: CACCGAAGATATGGACAACA 226 (Hung et al., 1999b)
(CLas) Rv: GAGGTTCTTGTGGTTTTTCTG

Citrus tristeza virus Fw: TTATGGACGACGAGACAAAGA 655 (Hung et al., 2000b)
(CTV) Rv: CCAAGCTGCCTGACATTAGT

Citrus tatter leaf virus Fw: CGCTGTCGGTTTTGATACTCCAC 501 (5% » 2012)
(CTLV) Rv: TGCGGAATTTTAAACGACTCC

Citrus exocortis viroid Fw: TTTCGCTGCTGGCTCCACA 196 (Lin et al., 2015)

(CEVd)

Rv: ACCTCAAGAAAGATCCCGA
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Appendix table 2. Primer pairs and probes for Real-time PCR in CLas quantification

Target organism, Sequence (5’-3’) of primer or probe Reference
gene
CLas, secE Fw: 5°- AGGTTGGCTGTGTTAAATTTTTTTAAGCAA-3’ (m > 2009)

Rv: 5°- ACAATAACCGAAACCAAAACCTCACT-3’
Probe: 5°-FAM-ACGGCCAGAATATCTT-MGB-NFQ-3’
Plant 18S rDNA Fw: 5’- GACTACGTCCCTGCCTTTG -3’ (Christensen et al., 2004)
Rv: 5°- AACACTTCACCGGACCATTCA -3’
Probe: 5’-FAM- ACACACCGCCCGTCGCTCC-MGB-NFQ-3’
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Appendix table 3. Primer pairs for gene expression quantification

Gene name

(symbol)

Gene ID

Sequence (5’-3’) of primer

Reference

cellulose synthase A

(CESA)

Glycogen synthase

(glgA)

light-harvesting complex II chlorophyll a/b binding protein 1
(LCHbI)

xyloglucan endotransglucosylase/hydrolase protein 23
(XTH23)

*Glyceraldehyde-3-Phosphate Dehydrogenase

(GAPDH)

102616000

102630022

107175516

102625605

2597

Fw: 5’- ACTGTCACATCAAAGGCAAC -3’
Rv: 5°- CATCTGAGATACCGGCAAC -3’

Fw: 5’- ATGAGATACGGAACTATACCAG -3°
Rv: 5’- ATCTTAATGCCGTCAACATGC -3’
Fw: 5’- TGGCGACTACGGTTGGGACAC-3’
Rv: 5’- TCACCGAACTTGACTCCGTTG-3’
Fw: 5°- ATGGCTTCAGTATTGCATCT-3"

Rv: 5°- TGGCCGTTGTTGAGTATATT-3’

Fw: 5’- GCGCTGACAATGAGCTGAAA-3’
Rv: 5’- GGTACAGCAGAGGGTACTGT-3"

(Hu et al., 2017)

Same as above

Same as above

Same as above

(Yan et al., 2012)

* internal reference gene
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Appendix table 4. The method used to record disease index and leaf symptoms in field survey
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Appendix Figure 1A. Symptom variation of Ora after HLB inoculation
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Appendix Figure 1B. Symptom variation of Navel after HLB inoculation

122

doi:10.6342/NTU202304297



Time HLB Healthy control

Appendix Figure 1C. Symptom variation of Tankan after HLB inoculation
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Appendix Figure 1D. Symptom variation of Fremont after HLB inoculation
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Appendix Figure 1E. Symptom variation of depressa after HLB inoculation

125

doi:10.6342/NTU202304297



Time HLB Healthy control

6 mpi

10 mpi

12 mpi

14 mpi

Appendix Figure 1F. Symptom variation of Eureka after HLB inoculation
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Appendix Figure 1G. Symptom variation of Wentan after HLB inoculation
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Appendix Figure 2. Growth status of plants from the CLas distribution trial one

and a half years after inoculation
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