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Huanglgngbing.

Thought to occur in China
_ (Guangdong Province) since the
1870’s (Lin, quoted by Bove’, 2006).




Huanglongbing.

In Asia, the disease is associated with a

phloem limited, fastidious bacteria called
“Candidatus Liberibacter asiaticus” and
vectored by the pysllid, Diaphorina citri.

Image by GAC Beattie




Spread of “Ca. Liberibacter asiaticus” species
to Western Hemisphere (since 2004), also mainland Africa.

Louisiana, USA, 2008 Florida, USA, 2005

; / Cuba, 2009 Ethiopia, 2010
Mexico, 2009 Belize, 2009 /

Dominican Republic, 2009

Brazil, 2004
Also “Ca.” L. americanus
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World distribution of Diaphorina citr;' (vector of HLB)

Arabian Peninsula, 1984

Texas, 2001 Oman, 2005
Baja California, MX., Lousiana, 2008
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Papua New Guinea, 2004
Brazil >1942




Similar, but heat-sensitive
disease in South Africa.

Known in South Africa since 1920’s as
either:

“yellow branch disease”

(Brits/Rustenburg) )
or

“greening”

(Eastern Transvaal).
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t “«African citrus greening”
'i Symptoms:

Moderate to severe at 22 to 24°C.
Disappear above 27°C in
‘laboratory trials.
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‘“Asian citrus greening”

N symptoms expressed over both

N

temperature regimes.

(Bove’ et al., 1974) .
~ywaswn




“Candldatus leerlbacter

“Candidatus Liberibacter
africanus”




44° ~ MLO (=Ca. L. africanus) in phloem.
¥ . (Image: Moll & Martin, 1973)
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"Diaphorinla citri does N <
‘ @gur in South Africa and* »
greening is spread na*turgl\ly by:_jﬁ

Trioza erytreae (del Guerco)
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I. erytreae is sensitive to heat

«32°C killed all stages

«27°C — 52% mortality
. *21°C - 91% survived

-

Image: Peter Stephen
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Greenlng in South Africa.




Consequently not a problém in hotter, drier areas. *;,
Distribution, 2006
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Sector of tree, derived from
a smgle branch showmg




Yellowing and blotchy mottling of leaves.




_Photo’s: F. van Vuuren

Zn- and Fe-
deficiency -like
symptoms, yellow
midribs & small,
upright leaves.




Lopsided fruit.
Aborted seedlings.

Colour inversion
with ripening.

Silver caste when
pressed.

Bitter tasting fruit.
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Severe incidenée ﬁ'oni '1 932-1 Qéé,

1939-1946,

1958-late 1960’s,
Three major citrus production areas abandoned due to greening
Decline in incidence from the late 1960’s
Return to production in abandoned areas.

In recent times record incidences up to 25% in orchards in some
. previously abandoned areas
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Control through: 2) Restriction on
planting material from greening

affected areas to greening-free regions
in South Africa.
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Severely Infected area

Present but not severe

Healthy area




Slow spread and/or Low inc
In an area:

‘?- :
Remove infected trees
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| Relatively effective control, sometimes difficylt

to find find psylla for experiment.




Greening spread, Wolhuterskop,
Brits/Rustenburg: 2008 (7 trees), 2009 (8 trees).
Producer chemically controls Trioza erytreae




Greening spread, Nelspruit:

*‘7@ Various Navel cultivars.
Total of 692 Trees.
Planted 2004.

2007 (1 infected tree)
2008 (1 infected tree)
2009 (1 infected tree)
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..Palmér Navel
Planted 1998

"'«.______\

Greening spread, | Midnight Valencias
Schoemanskloof Planted 1998
(previously

abandoned citrus-

growing area due to

Greening).

Producer affected

no control previous




2987 Orange Trees.
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Expansion of greening affected areas in the Western
Cape, 2006




Research at CRI directed at Greening.

Fanie van Vuuren: Greening infected fruit
infected but displaying healthy sectors

(Chimeras).




Fanie van Vuuren.

Recover embryos from desired sections of the
chimera and culture in vitro to generate
plants - establish clones and multiply
budwood

Image: J. Meyer




Compare genomes on molecular level-

Ideﬁtify diffevencesﬁ (Mutation).

. }& [ ] - ] i :
Use genes in transgenic resistance approach?
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HLB (“Las”) Poona transmissible by both Diaphorina
& Trioza experimentally

Massonie et al., 1976




Presence of indigenous Diaphorina
spp. in South Africa

* Diaphorina punctulata

— From Sclerocarya caffra (Sond.), Clausenia inequalis
(=anisata), Chorda caffra (Boraginaceae). (Petty,
1924)

— On citrus in Swaziland, greening n n-vector
(Catling & Atkinson, 1974)

* Diaphorina zebrana
— From Ozaroa paniculosa, O. reticulata.

— On citrus in Swaziland, greening non-vector
(Catling & Atkinson, 1974)
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Survey Oct-Nov. 2006.
Collect 249 samples from 57
Citrus orchards in
greening-affected areas




Multiplex PCR consisting of primers A2/J5" and GB1/GB32

L.afr. & L.as. & L. am
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L. africanus

L. americanus
L. asiaticus

L. afr. & L. am.
L. afr. & L. as
Healthy control

1027bp

669/703bp

"Hocquellet et al., 1999; 2Teixeira et al.,




Typical gel of multiplex PCR (primers A2/J5'" and GB1/GB32)
A~ Akt~ AAAAA AAAAN

Healthy control
africanus
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L. asiaticus
} L. americanus
} Healthy control
} No template control

"Hocquellet et al., 1999; 2Teixeira et al., 2005







"ETAATTTTE RECARRAF T CATESEATSE. ATRATTCIET CECANFCTCT OCRAATRS
LECARECRAT THOPFEMGARCL ROTFFTILECT HRSEATO n MRS ATRTO T
TELLTCREF PRRCREITRCT CASCTUNCER IACRALSTTAR CRITNTTATE TECCRIET
BANTACRN BOMRTSRALET TTESCTTAL ARSRCAIEFT NIDISLECRTL CRAAN
THAAARTAS T THARRSRACT SITECRNCRT CARCHITED COTRORESTT ARSKIT
TEMNCECTANT CRATPLSEANS TTATCRAMIA TETEAUARAT TORRFBIEST RN CRRLS]
RS 41

- DO direct sequencing (no cloning) ...

Forl | AT

.. of A2/J5 amplicon of 84 sources. +

B o
TET KT

=m Single forward primer and single P

AT [ EAT

vt Feverse primer sequence. CH

T4 =T

ETT P
EEETAasrr T RTHECATAR FEEFRT T PRLATIE LARATAENTA Foneradl Th
AT TN TR TARS WTVRESCRER, TONECTHAST EOONFLEETT FIRLNT 0N
ECTEACTTEAT BFTTOTEARREDTE TUOEATTOES CTESRATATT CHRARGLEIT RN TEDITALT
FERCT RN, e T R THASRUCREET TORRESTCDE BITRCARCER KFTARERF
TARRT=R0 RERCKTT R e HINTADTE N TANCip 1
BITASRATS BACTEASWNCE ACPORCWGAE TATETIATIT (EPTRNT = Sonde




BT TTT
REAE AT
- A=
L8 i | e St
THRISLTRT T
- AT
B TR
ETTTIIRRSTS
e e L R R

= ]| "
B e e
TETTUE RS
TETANETRALE

RFATERTIT |

BT BT

1

| B

B Ry EET A
| ATRT-FH..
o ATTRATA T

) T

T NI IELECETE

8
I.I
"

T
1

"

PRCEECTT

I P BB RFLEST
e lr- L.l-l.

IR,
[l e s P
e T TT

e T G
AR ET

.-.II.II-. L.I..I
e L e
oty ¢l % o

- EELECET

i

R
BEEEIT

R T T

.I-1 I-.IL

1 .-.ILI.II
B AT
o B ] . P
L T

o R
PATT o= LEAT

L.l.-llh

All sequences “Ca. L. africanus” (LAU09675)

4 No variation.

B
No “Ca. Liberibacter africanus spp. capensis”




‘“Candidatus Liberibacter africanus
) spp capenS|s”

On Calodendrum capense (Cape chestnut)
detected in 1995 (Garnier et al., 1999)




Calodendrum capense
(Rutaceae)
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Survey for Liberibacter spp. In
indigenous Rutaceous plants:

Collect 251 Calodendrum capense specimens from
various sites in South Africa:

‘Indigenous vegetation surrounding citrus orchards,
‘In botanical gardens
In natural settings
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Survey 2006-2010. L
Collect 251 Calodendrum capense samples Fﬁimn'
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Of 251 Calodendrum capense
samples colelcted

110 Positive for Laf/LafC
(real-time PCR)
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17 of the Calodendrum capense collected in
= the first year of the survey and yielding

~ amplicons using the A2/J5 primer pair, were
sequenced and have identities of 92 to 97%
with “Ca. Liberibacter africanus subp.

| capensis”
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Fluorescence (530/T05)
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Develop real-time PCR to
diftferentiate Laf and LafC
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Calodendrum capense is a natural host of .

) “Ca. Liberibacter africanus subsp. capensis” *
S5, (LafC)

; LafC is distributed over various geographic
) regions of South Africa

Possible ancestral host of “Ca. Liberibacter
africanus”




4 Determine if epidemiology of “Ca.”
Liberibacter africanus (Laf) on citrus
- overlaps with epidemiology of
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alternating with fever trees (Acacia
4 xanthophloea), directly next to citrus
orchard.
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Collect citrus plants directly adjacent the
Calodendrum capense trees.
Test both species for Laf/LafC and CTV




Reciprocal transmission:

Healthy Citrus  Healthy C. capense

Grafting

Trioza erytreae

Laf on citrus




Summary: Gréeni’rp‘i'n’SouthAfrlcg

“Ca” Liberibacter asiaticus and L. americanus
NOTI in South Afrlca
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Spread of “Ca. Liberibacter asiaticus” to mainland Africa.

Ethiopia, 2010
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