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MORP HO LO GI CAL AND MO LE CU LAR  
CHA RAC TE RI ZA TION OF Fu sa ri um gra mi ne a rum  

Schwa be AS A CA U SAL AGENT OF  
Hysso pus of fi ci na lis L. SEED ROT

AB STRACT: Symptoms of seed rot of Hysso pus of fi ci na lis L. we re no ti ced du ring 
seed he alth te sting in 2018. Ac cor ding to morp ho lo gi cal and cul tu ral cha rac te ri stics, iso la tes 
be long to Fu sa ri um spp. and Al ter na ria spp.. Ba sed on morp ho lo gi cal and pat ho ge nic pro-
per ti es, as well as se qu en ce analysis, iso la te de sig na ted as 4003/3 wаs iden ti fied as Fu sa ri um 
gra mi ne a rum de po si ted in NCBI ge ne bank un der Acc. Num ber MK061542. To our know led ge 
F. gra mi ne a rum as the ca u sal agent of Hysso pus of fi ci na lis L. seed rot in Ser bia was no ti ced for 
the first ti me. This re se arch was sup por ted by the Mi ni stry of Edu ca tion, Sci en ce and Tec hno-
lo gi cal De ve lop ment of the Re pu blic of Ser bia, grant num ber: 451-03-9/2021-14/ 200032.
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IN TRO DUC TION

Hyssop (Hysso pus of fi ci na lis L.) is a pe ren nial polymorp ho us plant spe-
ci es of the La mi a ce ae fa mily. It is grown in So ut hern Eu ro pe with es sen tial oil 
ac cu mu la ted in the flo wers and le a ves and of ten used as con di ment and spi ces 
in food in du stri es (Fat hi a zad and Ha me deyazdan, 2011; Ogun wan de et al., 
2011; Za wiś lak, 2013). 

Fu sa ri um gra mi ne a rum Schwa be be longs to a gro up of im por tant soil- and 
seed-bor ne pat ho gens in fec ting nu me ro us crop plants and oc cur ring wor ldwi de 
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in va ri o us cli ma tic zo nes pro du cing di ver se fa mi li es of se con dary me ta bo li tes 
such as ze a ra le no ne, de oxyni va le nol, and tric hot he ce ne (Le slie and Sum me rell, 
2006; Ne sic et al., 2014). 

Du ring ro u ti ne qu a lity con trol of hyssop se eds in 2018, fun gal in fec tion 
fol lo wed by seed rot was no ti ced and con fir med by mic ro sco pic exa mi na ti on. 
Mul ti lo cus se qu en ce typing sche me analysis has been ap plied to mem bers of 
the Fu sa ri um ge nus and DNA se qu en ce-ba sed iden ti fi ca tion of so me unk nown 
iso la tes can be ac hi e ved using the tran sla tion-elon ga tion fac tor 1α TEF ge ne 
re gion. Thus the TEF ge ne has be co me the mar ker of cho i ce as a sin gle-lo cus 
iden ti fi ca tion tool in Fu sa ri um (Ge i ser et al., 2004). 

The aim of this re se arch was the iden ti fi ca tion of the ca u sal agent of hyssop 
seed rot, ba sed on morp ho lo gi cal pro per ti es of iso la tes and mo le cu lar fe a tu res 
using par tial se qu en ces of the tran sla tion elon ga tion fac tor ge ne (1α TEF).

MA TE RIAL AND MET HODS

Pat ho gen iso la tion

Symptoms of in fec ted hyssop se eds ap pe ar to be soft, co ve red with whi te, 
light pink, or red dish fun gal myce li um, fol lo wed with vi o let pig men ta tion un der 
the se eds (Fi gu re 1a). In or der to per form iso la tion of the pat ho gen, in fec ted 
hyssop se eds we re tran sfer red on to a Po ta to Dex tro se Agar (PDA) me di um with 
strep tomycin sul fa te amen ded (300 mg/l) (w/v). Pla tes we re in cu ba ted for se ven 
days at 25 °C un der ul tra vi o let light (“black light”) with a 12h pho to pe riod 
(Mat hur and Kong sdall, 2003). 

Pat ho ge ni city test

Pat ho ge ni city test was per for med in vi tro using a mo di fied agar slant 
met hod in the test tu be with PDA amen ded (Por ter et al., 2015). At the bot tom 
of the tu be, the re was pla ced a pi e ce of myce li um of each iso la te grown on PDA 
and dried hyssop seed was ca re fully pla ced 2 cm abo ve. As a po si ti ve con trol, 
the re was used an iden ti fied iso la te of Fu sa ri um gra mi ne a rum from the col lec-
tion of the In sti tu te of Fi eld and Ve ge ta ble Crops (La bo ra tory for Seed Te sting). 
Hyssop seed pla ced on agar wit ho ut myce lia was used as a ne ga ti ve con trol. 
For each iso la te, set of fi ve tu bes in fo ur re pe ti ti ons we re ino cu la ted. All test 
tu bes we re pla ced in asep tic se a led pla stic bo xes and in cu ba ted for two we eks 
at 25 °C. All iso la tes we re re-iso la ted and sub-cul tu red on Po ta to Dex tro se Agar 
(PDA) and Car na tion Le af Agar (CLA) using a hyphal tip tran sfer tec hni que 
(Le slie and Sum me rell, 2006), ful fil ling Koch’s po stu la tes. Iden ti fi ca tion of 
Fu sa ri um spe ci es and morp ho lo gi cal cha rac te ri za tion was per for med ac cor ding 
to Ger lach and Ni ren berg (1982) and Le slie and Sum me rell (2006).
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DNA ex trac ti on and mo le cu lar spe ci es iden ti fi ca tion

Fu sa ri um iso la tes we re grown on PDA pla tes for 7 days, and myce lia we re 
har ve sted and gro und in li qu id ni tro gen. DNA was ex trac ted using a DNe asy 
Mi ni Kit (QI A GEN Inc., Hil den, Ger many), ac cor ding to the ma nu fac tu rer’s 
in struc ti ons. The tran sla tion elon ga tion fac tor 1α TEF ge ne re gion was am-
pli fied by PCR with the pri mers EF1 (ATGGGTA AG GAG GA CA A GAC) and 
EF2 (GGA AG TAC CAG TGAT CATGTT) (O’Don nell et al., 1998; Ge i ser et al., 
2004). The polyme ra se chain re ac tion (PCR) was do ne in S-ther mal cycler 
(Ep pen dorf, Ger many) with a to tal vo lu me of 25 μl con si sting of 12.5 μl of 2x 
Ep pen dorf Ma ster Mix (Fer men tas, Lit hu a nia); 1.25 μM of each pri mer (100 
pmol/μl), 1μl of fun gal DNA, and 9 μl of RNa se-free wa ter. The re ac tion was 
per for med in a ther mal cycler (Ep pen dorf, Ger many) un der the fol lo wing pro-
grams: ini tial de na tu ra tion of 2 min at 94 °C, fol lo wed by 35 cycles of 1 min 
at 94 °C, 1 min at 53 °C, and 2 min at 72 °C, with a fi nal ex ten si on of 10 min 
at 72 °C. PCR pro ducts we re se pa ra ted using elec trop ho re sis on 1.5% aga ro se 
gel con ta i ning et hi di um bro mi de (0.5 g/mL) and vi su a li zed using a UV light 
with Bio-print cx4 (Vil ber Lo ur mat, Ger many).

The am pli fied pro duct from iso la te JBL4003/3 was pu ri fied with a QI A-
qu ick PCR Pu ri fi ca tion Kit (Qi a gen) and se qu en ced in both di rec ti ons with an 
au to ma ted se qu en cer (Mac ro gen, Ko rea). The ob ta i ned se qu en ce was com pa-
red with the pre vi o usly re por ted iso la tes ava i la ble in the Gen Bank (http://www.
ncbi.nlm.nih.gov/BLAST/), using the Clu stalW pro gram (Thomp son et al., 1994) 
and ME GA6 soft wa re (Ta mu ra et al., 2013). 

The phylo ge ne tic tree was ge ne ra ted using Ma xi mum li ke li hood im ple-
men ted in ME GA 6 soft wa re (Ta mu ra et al., 2013). The edi ted 1α TEF se qu-
en ce was com pa red with ot her ava i la ble Fu sa ri um spe ci es se qu en ces in the 
Gen Bank. The re li a bi lity of the ob ta i ned tree was eva lu a ted using the bo ot strap 
analysis ba sed on 1000 re pli ca tes, and bo ot strap va lu es <50% we re omit ted. 
Ki mu ra 2-pa ra me ter mo del was cho sen as the best-fit ting mo del of nuc le o ti de 
sub sti tu tion.

RE SULTS AND DI SCUS SION

Twel ve iso la tes di stin gu is hed ba sed on co lо ni es ap pe a ran ces and morp ho-
lo gi cal cha rac te ri stics we re cho sen for furt her in ve sti ga tion (JBL4003/1-4003/12). 
The pre sen ce of Fu sa ri um spp. and Al ter na ria spp. (JBL4003/5) was con fir med 
with mic ro sco pic ob ser va tion. Pig men ta tion of the most Fu sa ri um spp. iso la-
tes was va ri ably chan ging from whi tish to pin kish, dark pur ple to vi na ce o us 
with a dash of brown, with mac ro or mic ro co ni dia for med which in di ca ted pre-
sen ce of Fu sa ri um spp. Iso la te JBL4003/3 was di stin gu is hed ba sed on cul tu ral 
and morp ho lo gi cal cha rac te ri stics, and ac cor ding to the de scrip tion gi ven by 
Ger lach and Ni ren berg (1982), it be longs to F. gra mi ne a rum. Re gar ding the 
daily myce lial growth ra te, iso la te JBL4003/3 was fast gro wing ca u sing the 
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hyssop seed rot af ter the fifth day. No fun gi re co ve red from the ne ga ti ve con-
trol. All iso la tes we re re-iso la ted from sympto ma tic tis sue thus ful fil ling Koch’s 
po stu la tes, and sto red by fre e zing at -70 °C. A pre vi o us study sho wed that hyssop 
seed is the host of dif fe rent Fu sa ri um spe ci es (Ig nja tov et al., 2020). Sin ce 2018, 
an in cre a se in ca ses of fu sa ri o sis has been ob ser ved in Ser bia, pre sent on va ri o us 
se eds of many dif fe rent spe ci es (hyssop, gar lic, onion, “eve ning stock” etc.) 
(Ig nja tov et al., 2017, 2020). Fu sa ri um gra mi ne a rum is a ma jor pat ho gen wor-
ldwi de and the main ca u sal agent of fu sa ri um head blight, a di se a se com plex 
of whe at and ot her small gra ins. In ad di tion to ca u sing con si de ra ble crop yield 
dec re a se, it is of par ti cu lar con cern be ca u se of the abi lity of Fu sa ri um spe ci es 
to pro du ce myco to xins in the grain that are har mful to hu man and ani mal 
con su mers (Pe tru et al., 2016).

 
Fi gu re 1. Fu sa ri um gra mi ne a rum Schwa be on hyssop seed (Hysso pus of fi ci na lis L.):

a) Symptoms of the pri mary in fec tion of Hysso pus of fi ci na lis (Fu sa ri um spp., Al ter na ria 
spp.; b) Co lony of F. gra mi ne a rum grown on PDA – iso la te JBL4003/3

Polyme ra se chain re ac tion (PCR) with pri mers de sig na ted as EF1 and 
EF2 was cre a ted as cho i ce of a sin gle lo cus iden ti fi ca tion tool in Fu sa ri um 
ge nus (Ge i ser et al., 2004). The am pli fied and pu ri fied DNA frag ment of re-
pre sen ta ti ve JBL4003/3 iso la te was se qu en ced in both di rec ti ons and de po si ted 
in the Ge ne Bank un der Ac ces sion Num ber MK061542.1. Ge ne tic analysis of 
the tran sla tion elon ga tion fac tor 1α TEF se qu en ce con fir med that Ser bian 
iso la te ori gi na ting from hyssop be longs to F. gra mi ne a rum Schwa be spe ci es 
sho wing 100% ho mo logy with stra ins from Gen Bank (Acc. Nos. KM052642 
and JX118875). A Ma xi mum li ke li hood tree (Fi gu re 2), re con struc ted ba sed 
on the 1α TEF se qu en ces of dif fe rent Fu sa ri um spe ci es se lec ted from Gen-
Bank show that JBL4003/3 iso la te used in this study was gro u ped with the 
iso la tes pre vi o usly cha rac te ri zed as F. gra mi ne a rum Schwa be (Acc. Nos. 
JF270173, JF278592 and HQ702569). Cer tain gro ups are well co ve red in 
FU SA RI UM-ID  (NCBI) da ta ba se, par ti cu larly Gib be rel la fu ji ku roi spe ci es 
com plex. Fu sa ri um gra mi ne a rum is a com mon pat ho gen in fec ting mul ti ple crops 
from va ri o us cli ma tic zo nes.
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Fi gu re 2. Phylo ge ne tic tree: Phylo gram was ge ne ra ted with ME GA6 using bo ot strap 
analysis with 1000 re pli ca tes whi le the bo ot strap va lu es (>50%) are shown next to  

re le vant bran ches. F. gra mi ne a rum Schwa be spe ci es sho wing 100% ho mo logy with  
F. gra mi ne a rum stra ins from Gen Bank JF270173, JF278592 and HQ702569

Mo le cu lar de tec tion ba sed on the TEF ge ne of Fu sa ri um spe ci es co uld be 
a po wer ful tool in iden ti fi ca tion of the pat ho ge nic spe ci es, gi ving re sults in a 
shor ter pe riod of ti me com pa red to the morp ho lo gi cal iden ti fi ca tion (Pa vlo vić 
et al., 2016). Ge ne rally, a ma na ge ment of rot di se a se, ca u sed by Fu sa ri um spe-
ci es, is usu ally ba sed on the crop ro ta ti ons to re du ce the ino cu lum le vels in soil 
(Da vis et al., 2006) as well as using he althy se eds or ge ne ti cally re si stant cul-
ti vars. 

CON CLU SION

Ba sed on morp ho lo gi cal and pat ho ge nic pro per ti es, as well as se qu en ce 
analysis, to our know led ge, this is the first ca se of F. gra mi ne a rum as the ca u sal 
agent of Hysso pus of fi ci na lis L. seed rot in Ser bia. 
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МОР ФО ЛО ШКА И МО ЛЕ КУ ЛАР НА КА РАК ТЕ РИ ЗА ЦИ ЈА  
Fu sa ri um gra mi ne a rum Schwa be КАО ПРО У ЗРО КО ВА ЧА  

ТРУ ЛЕ ЖИ СЕ МЕ НА Hysso pus of fi ci na lis L. 
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РЕ ЗИ МЕ: Симп то ми тру ле жи се ме на Hysso pus of fi ci na lis L. при ме ће ни су 
то ком ис пи ти ва ња здрав стве ног ста ња се ме на 2018. го ди не. Пре ма мор фо ло шким 
и од га ји вач ким ка рак те ри сти ка ма изо ла ти при па да ју вр ста ма Fu sa ri um spp. и 
Al ter na tia spp.. Иден ти фи ка ци ја Fu sa ri um spp. по твр ђе на је при ме ном лан ча не 
ре ак ци је по ли ме ра зе са па ром прај ме ра EF1 и EF2, при че му је ам пли фи ка ци ја и 
се квен ци о ни ра ње ге на TEF-1α из вр ше на за изо лат JBL4003/3 (MK061542.1), чи ме 
је по твр ђе но да је изоп но ви до ма ћин вр сте Fu sa ri um gra mi ne a rum Schwa be.

КЉУЧ НЕ РЕ ЧИ: изоп, Fu sa ri um gra mi ne a rum, трулеж семена




