
In tro duc ti on

The Pse u do mo nas syrin gae com plex in clu des many
dif fe rent ta xo no mi cal re la ted spe ci es which com pri ses
iso la tes in dif fe rent bi oc he mi cal, im mu no lo gi cal, and
mo le cu lar cha rac te ri stics (Iva no vi} et al., 2017; Gu -
tiérrez-Bar ran qu e ro et al., 2019). Among mo re than
sixty pat ho vars in the P. syrin gae com plex, P. syrin -

gae pv. syrin gae van Hall is the most polypha go us
bac te ri um that can ca u se di se a se on ne arly 180 plant
spe ci es of dif fe rent cul ti vars aro und the world (Ker ko -
ud et al., 2002; Ken nelly et al., 2007; La mic hha ne et
al., 2014; Go mi la et al., 2017; Ga {i} et al., 2018). 

Bac te ri um in fects wi de ran ge of fru it tre es such as
apri cot, che rry, ci trus, ha zel nut, pe ar, pe ach and plum,
as well as ot her wo ody plant spe ci es re sul ting in eco -
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Ab stract. Pse u do mo nas syrin gae is a polypha go us phyto pat ho ge nic bac te ri al di se a se agent as so ci a -
ted with mo re than 180 plants spe ci es. The bac te ri al agent ca u ses eco no mi cally im por tant di se a ses on
se ve ral spe ci es of fru it tre es in Tur key. In 2019, pe ar and qu in ce tre es in se ve ral or chards in dis tricts
of Yozgat pro vin ce lo ca ted in the Cen tral Ana to li an Re gi on of Tur key sho wed bac te ri al blight symp-
toms that dif fe red from symptoms of fi re blight ca u sed by Er wi nia amylo vo ra. Bac te ri al iso la tes we -
re ob ta i ned from nec ro tic pe ar and qu in ce tis sue on King’s me di um B. Oc cur ren ce of pu re greyish co -
lo ni es pro du cing gre en-blue flu o re scent pig ment was chec ked af ter in cu ba ti on at 26 °C for 48 h. All
pu ri fi ed iso la tes (n = 5) we re Gram-ne ga ti ve, ae ro bic, and ne ga ti ve for oxi da se, in du ced hyper sen si -
ti ve re ac ti on on to bac co le a ves, did not ca u se soft rot on po ta to sli ces, and form ed le van-po si ti ve co -
lo ni es on Nu tri ent Suc ro se Agar me di um. The iden ti fi ca ti on of bac te ri al iso la tes was furt her con firm -
ed by MAL DI-TOF MS and mo le cu lar analysis. Iden ti fi ca ti on of the se iso la tes was con firm ed by
matching with re fe ren ce Pse u do mo nas syrin gae pv. syrin gae DSM6693 type stra in by using MAL -
DI-TOF MS analysis. For mo le cu lar iden ti fi ca ti on was per form ed by se qu en cing the rpoD ge ne that
was am pli fi ed with pri mer pa ir Psr poD-FNP1/Psrp-Dnprp cr1. Ob ta i ned par ti al se qu en ces of rpoD ge -
ne of fi ve re pre sen ta ti ve iso la tes sho wed 100% nuc le o ti de si mi la rity with rpoD ge ne se qu en ces of
ava i la ble P. syrin gae pv. syrin gae iso la tes from the Gen Bank. Pat ho ge ni city test re ve a led that the se
iso la tes ca u sed typi cal di se a se symptoms on the ino cu la ted pe ar and qu in ce parts. Re-iso la ti on of the
pat ho gen was ob ta i ned from the mar gins of nec ro tic le si ons on ino cu la ted plant parts. Ba sed on the
ex pres sed symptoms, bi oc he mi cal cha rac te ri stics, pat ho ge ni city and mo le cu lar analysis, the ca u sal
di se a se agent was iden ti fi ed as Pse u do mo nas syrin gae pv. syrin gae.
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no mic crop los ses (Can fi eld et al., 1986; Ro os & Hat -
tingh, 1987; Ak ba ba & Ozak tan, 2021; Ok sel et al.,
2022). The con trol of the pat ho gen is dif fi cult as it has
a bro ad host ran ge and re pre sent a big con cern be ca u -
se ca u sing gre at da ma ges on young and ol der tre es. In -
fec ti on of wo ody parts is al so cru ci al on fru it tre es be -
ca u se can kers can gir dle bran ches which co uld even -
tu ally kill tre es (Yil diz et al., 2016). 

The di se a se agent was fo und re spon si ble for bac -
te ri al blos som blast and di e back of young pe ar sho ot
tips of pe ar tre es (McKe en, 1955; Jo nes & Ald win -
ckle, 1990). The bac te ri um was iso la ted from in fec ted
blos som buds of sympto ma tic pe ar tre es with blig hting
and bla sting of flo ral struc tu res in Spa in (Mon te si nos
& Vi lar dell, 1989). On fru it tre es, P. syrin gae pv.
syrin gae mostly in fects sto ne fru its (Ko tan & Sa hin,
2002; Akköprü, 2016; Yil diz et al., 2016; Soylu et al.,
2020a; Er ti mur tas & Özak tan, 2020; Ok sel et al.,
2022) and is ca pa ble of ca u sing di se a se on ha zel nut
(Ka ra han et al., 2016), ci trus (Mi rik et al., 2005) in clu -
ding po me fru its in dif fe rent re gi ons of Tur key (Ko tan
et al., 2006). Un til Ko tan et al. (2006) re por ted that P.
syrin gae pv. syrin gae is the se cond abun dant bac te ri al
spe ci es in pe ar and qu in ce grown in the Ea stern Ana -
to lia Re gi on of Tur key, it was not as so ci a ted with in -
fec ti ons on po me fru its. P. syrin gae pv. syrin gae was
al re ady de tec ted in apri cot plants in dif fe rent lo ca ti ons
in the sa me re gi on (Ko tan & Sa hin, 2002). 

The aim of this study was to iden tify the bac te ri -
al iso la tes ob ta i ned from di se a sed pe ar and qu in ce
plants in Yozgat pro vin ce by bi oc he mi cal, pat ho ge ni -
city and mo le cu lar tests.

Ma te ri al and Met hods

Du ring spring of 2019, le a ves, twigs and sho ots of pe -
ar and qu in ce plants sho wing blight symptoms with
nec ro tic le si ons we re col lec ted from dif fe rent lo ca ti -
ons of Yozgat pro vin ce lo ca ted in the Cen tral Ana to -
lia Re gi on of Tur key. Blos som blast, dri ed with nec ro -
sis, twig di e back, bark nec ro sis and trunk can ker
symptoms we re ob serv ed that dif fer from the symp-
toms of fi re blight ca u sed by Er wi nia amylo vo ra. Bac -
te ri al iso la ti on was per form ed using in ter nal frag ments
of in fec ted tis sue. Sam ples we re sur fa ce ste ri li zed in
1% Na OCl for 3 min, and rin sed three ti mes in ste ri le
wa ter. Af ter tis sue ho mo ge ni za ti on in sa li ne buf fer

(0.85% NaCl) the su spen si on was left for bac te ri al re -
le a sing for 45 min. The ex tract was stre a ked on to
King’s B me di um (KB) pla tes and left for in cu ba ti on
at 28 °C for 72 h. Cul tu res of iso la tes (n = 5) whi tish-
grey in co lo ur with slightly lo bed mar gins we re pu ri fi -
ed and sto red at -20 °C in 30% glyce rol in Lu ria-Ber -
ta ni broth for iden ti fi ca ti ons tests (Ko tan et al., 2006).

Po tas si um hydro xi de (KOH) for de term i na ti on
of Gram re ac ti on (Su slow et al., 1982), ca ta la se ac ti -
vity, oxi da ti ve/ferm en ta ti ve me ta bo lism of glu co se
(Hugh & Le if son, 1953) and LO PAT (L: le van pro -
duc ti on; O: oxi da se pro duc ti on; P: pec ti nolytic ac ti -
vity; A: ar gi ni ne dihydro la se pro duc ti on; and T: to bac -
co hyper sen si ti vity) tests we re ap pli ed for iso la tes
from qu in ce (n = 3) and pe ar (n = 2) (Lel li ot & Ste ad,
1987; Scha ad et al., 2001). 

Et ha nol-form ic acid-ace to ni tri le pro te in ex trac ti -
on was ap pli ed for the bac te ri al mass of the pu re cul -
tu res grown for 24‡36 h on Tryptic Soy Agar (TSA,
Merck, Darm stadt, Germ any) me di um (Soylu et al.,
2021). One μl of the ex tract was drop ped on to the
MAL DI tar get, dri ed and over la id with 1 μl of a-
cyano-4 hydroxy-cin na mic acid ma trix so lu ti on. Da ta
was analysed with BI OTYPER™ 1.1 soft wa re (Bru -
ker Dal to nics GmbH, Bre men, Germ any) (Du man &
Soylu, 2019).

The pre sen ce of the syrB ge ne en co ding syrin -
gomycin pro duc ti on was de term i ned by PCR am pli fi -
ca ti on using pri mer pa irs B1 (5’-CTTTC CGTG GT C -
TTGAT GAGG-3’) and B2 (5’- TCGATTTTGC CG -
TGAT GAGTC-3’) (So ren sen et al., 1998). For furt her
iden ti fi ca ti on, rpoD ge ne (sig ma su bu nit of RNA
polyme ra se) was am pli fi ed using pri mer pa ir Psr poD-
FNP1 (5’-TGA AGGCGA RATCGA A ATCGCCAA-
3’) and Psrp-Dnprp cr1 (5’-YGCMGWCAGCTTY -
TG-CTGGCA-3’) (Par kin son et al., 2011). In each
PCR am pli fi ca ti on with in di vi du al pri mer pa ir, su -
spec ted co lony was pic ked up with a ste ri le pi pet te tip
and di rectly pla ced in to the PCR re ac ti on tu be pre pa -
red in 25 μl fi nal vo lu me in clu ding 12.5 μl of 2× ma -
ster mix (MyTaq Mix, Bi o li ne, En gland), 1 μl of for -
ward pri mer, 1 μl of re ver se pri mer,1 μl of DMSO and
9.5 μ of ste ri le wa ter. Am pli fi ca ti ons we re per form ed
with a therm al cycler (Bio-Rad, T100) and con di ti ons
we re set up for a to uch-down PCR as fol lows: 4 min at
95 °C, 10 cycles with 30 s at 94 °C, 30 s at 62‡53 °C
(dec re a se 1 °C per cycle), 1 min at 72 °C and 5 min at
72 °C, in ad di ti on 24 cycles at a con stant 53 °C using
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the sa me pa ra me ters (Ak soy et al., 2017). The PCR
pro ducts we re se pa ra ted on 1.5% aga ro se gel in 1 ×
TAE buf fer, sta i ned with et hi di um bro mi de, and vi su -
a li zed using UV tran sil lu mi na tor. DNA mo le cu lar we -
ight mar ker (Hyper lad der, 1 kb, Bi o li ne, En gland) was
used for esti ma ti on of the si ze of PCR pro ducts.

Con sen sus se qu en ces for rpoD ge ne we re ge ne ra -
ted using Chro mas pro (ver si on 1.7.6). Nuc le o ti de se -
qu en ces we re se ar ched for BLASTn analysis in NCBI
Gen Bank. Mul ti ple alig nments we re ap pli ed for rpoD
ge ne se qu en ces using Clu stalW in ME GA 6 with re fe -
ren ce se qu en ces of dif fe rent P. syrin gae pat ho vars re -
tri e ved from the NCBI Gen Bank (Ta mu ra et al.,
2013). Ju kes and Can tor mo del was used for in fer ring
evo lu ti o nary dis tan ces (Ju kes & Can tor, 1969). 

Pat ho ge ni city test was per form ed on the le a ves of
2-year-old pe ar and qu in ce sa plings which was ino cu -
la ted with bac te ri al su spen si ons (108 cfu ml-1) of iso -
la tes by in jec ting in to le a ves. The se cond test was ap -
pli ed on the stem of young twigs de tac hed with ste ri -
li zed scal pel by pla cing 50 μl of bac te ri al su spen si on
(108 cfu ml-1) in to the wo unds, and then co ve red with
pa ra film. Ste ri li zed wa ter was used as a ne ga ti ve con -
trol (Koh et al., 2012; Ara u jo et al., 2020).

Re sults and Di scus si on

In 2019, bac te ri al blight symptoms we re ob serv ed on
pe ar and qu in ce plants (Fig. 1a and 1b). Pu re whi tish-
grey co lo ni es we re ob ta i ned on KB pla tes that pro du -
ced blue-gre en flu o re scen ce un der UV light. Bi oc he -
mi cal test of fi ve iso la tes (Pss1, Pss2, Pss3 from qu in -
ce; and Pss4, Pss5 from pe ar) re ve a led that all we re
Gram-ne ga ti ve, sho wed ae ro bic me ta bo lism of glu co -
se, ne ga ti ve for oxi da se, in du ced hyper sen si ti ve re ac -
ti on on to bac co plants, did not ca u se soft rot on po ta to
sli ces and form ed le van-po si ti ve co lo ni es on nu tri ent
suc ro se agar (NSA) me di um. Ac cor ding to the se cha -
rac te ri stics all iso la tes we re clas si fi ed in to LO PAT Ia
gro up which in clu des P. syrin gae pat ho vars, as sta ted
by Iva no vi} et al. (2017). In se ve ral stu di es, MAL DI-
TOF MS has be en fo und to be qu i te ac cu ra te for plant
pat ho ge nic fun gal and bac te ri al spe ci es iden ti fi ca ti on
than con ven ti o nal di ag no stic met hods (Pan da et al.,
2013; Sing hal et al., 2015; Uysal et al., 2019; Ak tan &
Soylu, 2020; Soylu et al., 2020b). For fa ster and re li a -
ble ta xo no mi cal iden ti fi ca ti on of re pre sen ta ti ve fi ve
iso la tes, MAL DI-TOF MS analysis was ap pli ed for
the ir pu re cul tu res. Iso la tes was de term i ned as P.
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Fig. 1. a) In fec ted qu in ce sam ples sho wing blight symptoms on le af (in di ca ted by ar row), b) Di se a sed pe ar tree with blos som blight with nec -
ro tic black tis sue (in di ca ted by ar row), c) Pu ri fi ed bac te ri al cul tu re of P. syrin gae pv. syrin gae iso la te Pss1
Sl. 1. Za ra ̀ e ni uzor ci dun je sa simp to mi ma na li stu (ozna ~e no stre li com), b) Za ra ̀ e no sta blo kru {ke u fa zi cve tan ja sa ne kro ti~ nim cr nim tki -
vom (ozna ~e no stre li com), c) ^i sta bak te rij ska kul tu ra P. syrin gae pv. syrin gae izo li at Pss1.
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syrin gae pv. syrin gae which matched with the pro te in
pro fi ling of re fe ren ce stra in P. syrin gae pv. syrin gae
DSM 6693. The sco re va lu es ran ged from 2.022 to
2.105 that ex ce e ded the thres hold of 2 va lue in di ca ting
se cu re iden tity. In many ca ses, MAL DI-TOF MS ba -
sed iden ti fi ca ti ons ha ve shown re so lu ti on and re pro du -
ci bi lity which is bet ter than gel-ba sed pro te in or DNA
fin ger prin ting tec hni qu es (Sa le eb et al., 2011; Sing hal
et al., 2015; Kurt et al., 2017).

Furt her, te sted iso la tes we re iden ti fi ed as P.
syrin gae pv. syrin gae using mo le cu lar iden ti fi ca ti on
tec hni qu es. To xin-ba sed de tec ti on met hods ha ve be en
use ful in iden tifying P. syrin gae pv. syrin gae iso la tes
(So ren sen et al., 1998). In PCR with pri mer pa irs B1
and B2, a 752-bp PCR frag ment was ob ta i ned for syrB
ge ne which is a sig ni fi cant vi ru len ce fac tor for de term -
i ning a cyclic li po dep si no na pep ti de syrin gomycin.
rpoD ge ne is a su i ta ble bi o mar ker for phylo ge ne tic
and evo lu ti o nary re la ti on ship in ve sti ga ti on of spe ci es
of Pse u do mo nas spp. (Sar ris et al., 2012). Am pli fi ed

PCR pro ducts of rpoD ge ne (700 bp) we re se qu en ced
and ob ta i ned par ti al nuc le o ti de (nt) se qu en ces (∼666
to 682 nt) of iso la tes sho wed 100% si mi la rity with
rpoD ge ne se qu en ces of P. syrin gae pv. syrin gae iso -
la tes (ac ces si on num bers: MK791201, KC852117,
KC852111, KC852108) ava i la ble in the NCBI Gen -
Bank (Mu let et al., 2008; Mu let et al., 2010). Phylo ge -
ne tic tree ba sed on the rpoD ge ne se qu en ces re ve a led
gro u ping of iso la tes from this study in the sa me cla de
to get her with re fe ren ce P. syrin gae pv. syrin gae iso la -
tes (ac ces si on num bers: MK791201, KC852117,
KC852111, KC852108) (Fig. 2).

Pat ho ge ni city of fi ve iso la tes was con firm ed on
stems of 2-year-old pe ar and qu in ce sa plings. Typi cal
nec ro tic le si ons ap pe a red on the test plants in the both
tests. Le af nec ro sis on the pla ce of bac te ri al su spen si -
on ino cu la ti on was ob serv ed af ter 5‡7 days. Af ter two
we eks twigs on ino cu la ted plants sho wed le af yel lo -
wing that la ter turn brown to black with nec ro sis on
the wo ody sec ti ons. The pat ho ge nic iso la tes we re re-
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Fig. 2. Phylo ge ne tic tree in fer red with 40 rpoD se qu en ces of Pse u do mo nas spe ci es. NCBI ac ces si on num bers of the re spec ti ve Pse u do mo nas
spe ci es are gi ven in the tree. P. pu ti da was used as out gro up.
Sl. 2. Fi lo ge net sko sta blo re kon stru i sa no od rpoD se kven ci 40 Pse u do mo nas vr sta. NCBI pri stup ni bro je vi od go va ra ju }ih Pse u do mo nas vr sta
su da ti u sta blu. P. pu ti da je ko ri {}en kao out gro up.



iso la ted from le si ons on ino cu la ted le a ves. The re sults
of our re se arch on the oc cur ren ce and iden ti fi ca ti on of
iso la tes ob ta i ned from pe ar and qu in ce plants in
Yozgat pro vin ce are in li ne with pre vi o us re ports on P.
syrin gae pv. syrin gae in fec ti on of ap ple (Lee et al.,
2015; Ara u jo et al., 2020), pe ar and qu in ce (Pa na go po -
u los & Cros se, 1963; Ko tan et al., 2006; Man svelt &
Hat tingh, 2007).

Con clu si on

This pa per re ports the first pre sen ce of bac te ri al blight
di se a se on pe ar and qu in ce plants ca u sed by P. syrin -
gae pv. syrin gae in Yozgat pro vin ce. The iden ti fi ca ti -
on of pat ho ge nic iso la tes was con firm ed by com bi ning
bi oc he mi cal, pat ho ge ni city, MAL DI-TOF MS and
PCR ba sed mo le cu lar tec hni qu es. Cer ta in pre ca u ti ons
met hods ne ed to be ta ken by the pro du cers to pre vent
the spre ad of the pat ho gen in the re gi on. 
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Iz vod

Pse u do mo nas syrin gae pred stav lja po li fag nu, fi to pa -
to ge nu bak te ri ju ko ja se po ve zu je sa simp to mi ma bo -
le sti pri sut nih kod vi {e od 180 bil jnih vr sta. Uzro~ nik
je eko nom ski zna ~aj nih bo le sti raz li ~i tih vr sta vo }a ka
u Tur skoj. To kom 2019. go di ne, na sta bli ma kru {ke i
dun je u broj nim vo} nja ci ma pro vin ci je Yozgat, sme -
{te ne u cen tral nom de lu tur skog re gi o na Ana to dlia,
uo ~e ni su simp to mi bak te ri o zne pla men ja ~e ko ji su se
raz li ko va li od simp to ma ti pi~ nih za Er wi nia amylo vo -
ra. Bak te rij ski izo la ti su do bi je ni iz ne kro ti~ nog tki va
kru {ke i dun je na Kin g B pod lo zi. Po ja va ~i stih siv ka -
stih ko lo ni ja ko je pro iz vo de ze le no-pla vi flu o re scent -
ni pig ment pro ve re na je na kon in ku ba ci je na 26 °C u
tra jan ju od 48 h. Svih pet pre ~i {}e nih izo la ta su bi li
gram-ne ga tiv ni, ae rob ni i ne ga tiv ni na ok si da zu. Iza zi -
va li su hi per sen zi tiv nu re ak ci ju na li sto vi ma du va na,
ali ni su iza zi va li me ku tru le` na kri {ka ma krom pi ra.
Form i ra li su le van po zi tiv ne ko lo ni je na hran lji vim
pod lo ga ma sa sa ha ro zom i aga rom. Iden ti fi ka ci ja bak -
te rij skih izo la ta je dal je po tvr |e na MAL DI-TOF ma -

senom spektrometrijom (MS) i mo le ku lar nom ana li -
zom. Iden ti fi ka ci ja ovih izo la ta po tvr |e na je upo re |i -
van jem sa do stup nim Pse u do mo nas syrin gae pv.
syrin gae DSM6693 so jem ko ri {}en jem MAL DI-TOF
MS ana li za. Mo le ku lar na ana li za je spro ve de na pu tem
se kven ci ran ja rpoD ge na ko ji je am pli fi ko van sa pa -
rom praj me ra PsrpoD-FNP1/Psrp-Dnprp cr1. Do bi je ne
par ci jal ne se kven ce rpoD ge na pet pro u ~a va nih izo la -
ta po ka za le su 100% nu kle o tid nu identi~nost sa se -
kven ca ma rpoD ge na izo la ta P. syrin gae pv. syrin gae
do stup nog u ban ci ge na. Te stom pa to ge no sti po tvr |e -
no je da ovi izo la ti izazivaju ti pi~ ne simp to me na ino -
ku li sa nim de lo vi ma kru {ke i dun je. Re i zo la ci ja pa to -
ge na je do bi je na sa ivi ca ne kro ti~ nih le zi ja na ino ku li -
sa nim de lo vi ma bilj ke. Na osno vu is pol je nih simp to -
ma, bi o he mij skih ka rak te ri sti ka, pa to ge no sti i mo le ku -
lar nih ana li za, pat o gen je iden ti fi ko van kao Pse u do -
mo nas syrin gae pv. syrin gae.

Klju~ ne re ~i: bak te ri o zna pla men ja ~a, Pse u do mo nas
syrin gae pv. syrin gae, kru {ka, dun ja, rpoD
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