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ABSTRACT

In the Northern Great Plains (NGP), safflower (Carthamus tinctorius L.) is increasingly being
evaluated for rotation with sugarbeet (Beta vulgaris L). Safflower and sugarbeet are susceptible
to two different species of Cercospora, Cercospora carthami and Cercospora beticola
respectively. This investigation of safflower as an alternate host of C. beficola was prompted by
observation of unusual spot lesions on safflower in the NGP at Sidney, Montana. Previous report
from our laboratory indicated that safflower has potential to serve as an alternate host of C.
beticola. We present in this report additional evidence that safflower indeed is an alternate host
of C. beticola. Safflower plants were infected with four C. beticola isolates (C1, C2, Sid1 and
Sid2). Sugarbeets were inoculated single spore cultures of the four isolates from infected
safflower lesions. Lesions of the symptoms were assayed by PCR for presence of C. beticola.
Amplified PCR products were sequenced, imported into the Vector NTT (InforMax, Bethesda,
MD) and aligned to compare with the C. beticola sequence from GenBank (Accession #
AF443281). The aligned sequences from all four isolates from safflower and sugarbeet showed
significant homology with sequence from C. beticola. Our results confirm the presence of C.
beticola in lesions of infected safflower and substantiate safflower as a host of C. beticola.

INTRODUCTION

Sugarbeet (Beta vulgaris L) is one of the most important irrigated crops in the Northern
Great Plains (NGP) including Western North Dakota and Eastern Montana. Irrigated safflower
(Carthamus tinctorius L.) an annual, broadleaf oilseed crop is increasingly being evaluated for
rotation with sugarbeet at Sidney, Montana in the NGP (Fig.1) and the two crops are
occasionally grown adjacent to each other (Figure 1B). Both crops are hosts of different species
of Cercospora. Safflower is a host of Cercospora carthami Sundar and Ramakr while sugarbeet
is susceptible to Cercospora beticola Sacc. Cercospora leaf spot, caused by C. beticola is one of
the most important diseases of sugarbeet and occurs wherever the crop is grown (Bleiholder and
Weltzien 1972). Without control, the disease results in significant root yield loss, reduced sugar
content of sugarbeets, sugar extraction and root storage life (Smith and Ruppel 1971; Shane and
Teng 1992). According to Shane and Teng (1992) gross losses to Cercospora leaf spot can be as
high as 30%. Cercospora leaf spot of safflower caused by C. carthami was first reported in India
in 1924 where epidemics occurred in some years (Ashri 1971). He cited several references that
indicate that the disease has been observed only in the old world (Africa, Asia and Europe) with
specific incidences in Pakistan, Iran, Israel and India (Miindel and Huang 2003). Symptoms are
characterized by round to irregular slightly sunken brown black spots up to 1 cm diameter with
occasional yellowing tinge at the border. Stromata of the pathogen appear as small black dots in
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Figure 1A. A safflower field at Sidney, Montana. B. Sugarbeet growing adjacent to safflower at
Sidney, Montana
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concentric rings on diseased leaves. In severe cases, the infected leaves turn brown, became
distorted and eventually disintegrate. The stem may blacken at the base of severely infected
leaves and bending of the stem or die back may result from severe infection (Holdeman and
McCartney, personal communication). Cercospora leaf spot of safflower by C. carthami has not
been observed previously in the NGP or even in the United States (Mortensen and Bergman
1983; Mortensen et al. 1983). On the other hand Cercospora leaf spot of sugarbeet is well
established in the NGP and there have been a significant increased disease incidence of in the
region. The observation of unusual brown necrotic spots on safflower in the NGP followed by
our previous report of safflower as a potential alternate host of C. beticola (Lartey et al. 2004),
prompted this study to provide further evidence that safflower is an alternate host of C. beticola.

MATERIALS AND METHODS

Pathogenicity tests: Four isolates of C. beticola were evaluated for cross infection by
pathogenicity tests in safflower and sugarbeet. The isolates race C1 and C2 (Whitney and
Lewellen 1976) were provided by John J. Weiland, ARS, Fargo, North Dakota. Sid1 and Sid2
were isolated from infected sugarbeet at Sidney, Montana by Anthony J. Caesar, ARS/NPARL,
Sidney, MT.

For safflower, inoculum spores of each of the 4 C. beticola isolates were produced on low
sodium V-8 agar plates at 25°C, harvested after 5 to 10 days and suspended in sterile water
containing 0.1 % Tween 20 as previously described in Lartey et al (2003). Each spore suspension
was adjusted to 2 x 10* spore/ml of water and used to spray-inoculated 6 safflower plants cv
Centennial (Bergman et al. 2001) with an Atomizer (Sunrise medical HHG Inc., Somerset, PA)
at 6-8 leaf stage.

For sugarbeet, spores of all four test isolates of C. beticola were isolated from spot
symptoms of safflower leaves by incubating infected leaves on wet paper towels in a closed
plastic container at 25°C overnight. The spores then were harvested and transferred to PDA from
which mycelial plugs were next transferred to V-8 agar to produce inoculum spores as previously
described. Each spore suspension was then used to inoculate 6 sugarbeet plants as previously
described for safflower. All the inoculated plants were incubated under 90% minimum relative
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humidity (RH) and 8 h photoperiod at 32 °C for 2-3 days. Plants then were transferred to and
maintained in growth chamber with ca 60 % RH, 8 h photoperiod and 26 °C. Untreated controls
consisted of uninoculated plants which were maintained under the same conditions. All plants
were observed over a period of six weeks for development of symptoms.

PCR assay for C. beticola infection in safflower and sugarbeet: A PCR protocol (Lartey et al.
2003) was used to examine lesions and cultures of spores from the lesions of safflower and
sugarbeet plants for presence of C. beticola. Templates were prepared by mildly homogenizing
sample leaf disks and air dried cultures of spores (0.6 cm diameter) from lesions of diseases
leaves in 100 pl extraction solution of Extract N-Amp Plant PCR Kits (Sigma Chemical Co. St.
Louis, MO). The homogenates were incubated at 95°C for 10 minutes followed by addition of
100 pl dilution solution. The reaction was then vortex-mixed and stored at 4°C.

The 20 pl PCR, reaction mixture consisted of the of 10 pul Extract-N-Amp PCR mix (a 2X
PCR reaction mix containing buffer, salts, dNTPs, Taq polymerase and TaqStart antibody), 4 ul
sample extraction solution, 1.5 uM each of the forward and reverse primers in deionized water.
The reactions were primed with CBACTIN959L (5 AGCACAGTATCATGATTGGTATGG 3°)
and CBACTIN959R (5’ CACTGATCCAGACGGAGTACTTG 3’), which were designed to
amplify about 959 bp fragment of C. beticola actin gene sequence. Controls were prepared DNA
extracts of cultures of the original C. beticola isolates and uninoculated safflower and sugarbeet
leaves. Amplifications were carried out over 40 cycles using a Mastercycler gradient
thermocycler (Eppendorf Scientific Inc., Westbury, NY) at 94°C for 1 min denaturation, 52°C
for 30 sec annealing, 72°C for 1 min extension and 5 min final extension at 72°C. All the above
experiments were repeated at least twice.

The amplified products were resolved by electrophoresis in 1% agarose gels in Loening E
buffer (Loening 1969). The PCR product sizes were determined by comparing the relative
mobility of the amplified fragments to the 1 KB ladder (New England BioLabs Inc., Beverly,
MA) in adjacent lanes.

Sequencing and alignment: The PCR fragments were cleaned with QIAquick (QIAGEN Inc.)
following the manufacturer’s protocol. The fragments were then subjected to dye terminator
cycle sequencing using the CEQ DTCS Quick Start kit (Beckman Coulter, Fullerton, CA) for
comparison of the amplified fragment with the Cercospora actin gene. The sequencing reaction
consisted of 50 fmol of the PCR products in deionized water, 1.6 uyM CBACTIN959L or
CBACTIN959R sequencing primer in water and 12 pl of DTCS premix. The reaction mixture
was adjusted to 20 pl with deionized water. The reaction mixture was subjected to thermal
cycling at 90°C for 20 sec, 50°C for 20 sec and 60°C for 4 min for 30 cycles and was terminated
with 4 pl for stop solution and 1 pl of 20 mg/ml glycogen. The reaction was precipitated with
ethanol and suspended in 40 pl of sample loading solution followed by sequencing with
Beckman Coulter CEQ 2000XL DNA Analysis System (Beckman Coulter). Results were
imported into the Vector NTI (InforMax, Bethesda, MD) and aligned to compare the sequences
with Cercospora actin sequence from GenBank (Access # AF443281).

RESULTS AND DISCUSSIONS

Between 2 and 3 weeks after inoculation, the first leaf spot symptoms were observed on
the safflower plants which were inoculated with each of the four C. beticola isolates (Figures 2A
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and 2B). The symptoms appeared round to irregular light brown black spots, frequently with
dark brown to black borders. Dark brown to black fructifications of the pathogen could be
observed in some of the leaf spot lesions (Figure 2C), with the aid of a dissecting scope or at low
magnification (10X) with light microscope

Figure 2. Cercospora beticola isolate Sid2 infected safflower. A. Safflower leaf showing lesions
of C. beticola infection. B. Uninfected control safflower leaf. C. Fruiting bodies in spot lesion of
an infected safflower leaf.

Figure 3. Cercospora beticola isolate C2 infected
sugarbeet (A). Leaves were inoculated with isolated C.
beticola from infected safflower. B. Uninfected
control sugarbeet leaf.

For sugarbeet, first symptoms appeared at about 2 weeks post inoculation and were
characteristic of Cercospora leaf spot of (Figure 3) Leaf spot symptoms were not respectively
observed in the uninfected control safflower and sugarbeet plants (Figures 2B and 3B).

PCR assay for C. beticola in safflower and sugarbeet symptom tissues: The results of the
PCR-based detection of C. beticola in infected safflower and sugarbeet tissues are presented in
Figure 4. Expected fragments of all the C. beticola isolates (C1, Sid1, C2 and Sid 2) were
amplified by the C. beticola actin specific primers, CBACTIN959L and CBACTIN959R. Lanes
4,5, 6 and 7 are PCR fragments from safflower leaf lesion from infection with C2 and S1. The
lanes 8, 9, 10 and 11 are fragments from infected sugarbeet. The 959 bp fragments correspond
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with the positive control of DNA extract from original C1 pure culture (lane 2). No PCR
fragment was observed in the uninfected control safflower sample using the 959 actin primers
(lane 3).

Figure 4. Detection of Cercospora beticola in safflower and sugarbeet leaf lesions by PCR.
Lane: 1=KB Ladder; 2=Control C2 culture; 3=Control uninoculated safflower; 4= Spore culture
from C2 inoculated safflower leaf lesion; 5= Spore culture from S2 inoculated safflower leaf
lesion; 6= Amplification from C2 inoculated safflower leaf lesion tissue; 7= Amplification from
S2 inoculated safflower leaf lesion tissue; 8= Spore culture from C1 inoculated sugarbeet leaf
lesion; 9= Spore culture from S1 inoculated sugarbeet leaf lesion; 10= Amplification from C1
inoculated sugarbeet leaf lesion tissue; 11= Amplification from S1 inoculated sugarbeet leaf
lesion tissue

Safflower Sugar beet
Spore Culture Lesion Spore Culture Lesion

To confirm that the PCR amplified fragments from inoculated safflower and sugarbeet leaf
lesions were from C. beticola, the amplified PCR fragments were sequenced and the resolved
DNA sequence was aligned with C. beticola actin sequence from GenBank. The alignment is
presented in Figure 5 and showed that the sequences generated from the infected plant tissue and
pure C. beticola culture were significantly similar (99.8%) to that of C. beticola actin sequence
from GenBank. This level of similarity among the sequences indicates that the amplified
products from the infected plant lesions were from C. beticola

We present evidence that the sequences of PCR fragments from C. beticola inoculated
safflower plants are homologous to C. beticola actin sequence from GenBank. The, evidence
confirms safflower is an alternate host of C. beticola, the causal agent of Cercospora leaf spot of
sugarbeet. All four tested isolates of C. beticola produced leaf spot symptoms in safflower.
Inocula of all four C. beticola isolates, which were produced from single spores cultures,
reisolated from leaf lesions of diseased safflower caused Cercospora leaf spot in sugarbeet
plants. We then amplified segments of C. beticola actin gene in the leaf spot lesions of safflower
and culture of single spores from the symptoms by PCR. Assay of sugarbeet lesions which were
infected with C. beticola from safflower leaf lesions by PCR of also indicated the presence of C.
beticola in the lesions. By sequencing the PCR products and comparing the sequences, we
confirmed finally the presence of C. beticola in both safflower and sugarbeet lesions. Thus, we
were able to show that C. beticola can infect safflower under greenhouse conditions and that
inoculum from infected safflower can also infect sugarbeet. This observation provides further
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Figure 5. Alignment of PCR amplified Cercospora beticola sequences.
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2 LCACRCAG CRAC TR TRTCCTERCCCTCAGRTRCC CCRATCEUICIOGCT GTTAT CRCCRACTCOGACCAC AT
SCACACACCRRGORT G " TATCCTGACCCTGALRTACE CCATCCACC AQCETSTTAT CACCARCTCOEACCREAT
ALY ICACAC A CANC OCTOCTAAS CTEACCCTCACRTACT CCATCGACC A OCLTCT TAT CACCAACTCOCACEAC XT
ACTAIZCRCACACCANC OCT O TATCCTCACCCTCAGRTACC CCATCCACC COOCTCT TAT CACCAR CTCACACCAC KT
AATGA macmcnmo*m-ccmcccrmncc CCATCCALC X OCOTCT TS T CACC ARCTCCCACCAC KT
T SCRCAGAC GG OCTAUTRATCCTEACCCTCACATACC CCATCCACC A OCATCT TCT CACCRACTCOCACCAL XT
- s CACRGRCCAMG OCTETTATCCTRRCCC TCAGRTACC COATCGACC AQCLT ST TATCALCAACT SOCACCALTT
CACTCATATCT! r_\wrlmmcccamckccumocrmamm' CACCCTCACATACC CCAT CEACCALCETCTTATCACCAACTCCCACCALUAT
350 414
COACAILATCTOC CACCACACCTTCTACARCCACCT COCTCT OCCACCRCRC ACC AL COTCT CCTCECTCAC OC ALGET CCRATCARC CCRRAST
CEMARCATCTOCCACCRACACCTT CTACAACGACCT CCOTGT (G AC CACRE IAGC AL CCTCT CCTELTC ACOEAGGCT CARTCRACCCARMCT
COACARGKTCTCRCACCACROCTTCTACRACCACCT COCTOT OCCACCAGR A ZACCAC CCTCT CCTCCT CACOC ACCCT CCARTCARCCCARACT
GORCARGATCTOCCACCACACCTT CTACARCGAGCT CCOTCT OGCACCAGRL JAGCAC CCTCT OCTGCT CACOCACLCT CCART CRAC CCARAST
CEACRACATCTOG CACCACACCTT CT ACAACCAGC T CCCTET D CAC CACAC ANGC ACCCTET CCTCCT CACOGACG CTCCARTCARC CCRAACT
CCACARCATCT G CACCAC ACCTT CTACARLCACCT OCUTET OCCAC CACA U AACCAC COTGT CCTECT CACOCACCCT CCRATCARC CCARMGT
CCACRACATCTOGCACCACACCTT CT ACAACCAGCT CCOTOT CCCAC CACR S CAGC AC CCTET COTCCT CACOCACS CT CCARTCARC CCAARCT
CLACAACATCTOCCACCACACCTT CTACAACGACCT CCCTET OCCACCACAGGACCAC CCTE T ICTECT CACCCACCL T CCARTCARC CORANST
445 S3%
CORRCCCTCACARRATCACACAGR T CT CI T OCAE AT TT CRALCCACC AL COTTCTACCT CT CCAT CO AR CCET OCTTT CCCTETANGCT T CC
CCAACCCTCACARCATCACACRGATTCTCTT O ACRACCTTCRACCCACCAC CCTTCTROGT CT CCAT CCAQGCCCTCCTTT COCTCTAMC T CC
CCARCCCTCAGAACATCACACACATT ETCTTOCACACCTT CRACGCACCACOCTTCTACCTCT CCATCC AGCCCET CCT TT CCCTRTAQCCITCC
CCRACCCTGAGCARCATCAC ACRCATTCTCTT CCACROCTT CAACCCACCALCCTTCTACCT CT CCAT CCAQGCCCT CCTTTCCCTETACC T CC
CCRACCCTGACIAGATCACACACATTCTCT T COACROTTT CARCECACCACCCTTCTACET CT CCAT CC RGC COCT CCTTT CCCTETAGGLUT L
CCARACCCTCALARCATGAC RCAGATTCTCTTOCACA QT T CRACCCACCACCCTTCTAOSTCT CC AT CCALCCCLT CCTTT OCCTETRGECTTCC
CCAACCCTEACAACAT R ACACRCATT CTCTT OGRS ACCTT CRACCCACCACCCTTCTACCT CT CCAT CCAQCLUCCT CCTTT CCCTCTAORCT TOC
CCRACCCTAACAAGATCACACRGATTET CTT OCAC AQGTT CAACCCACCAGCCTTCTAQRTCT CCAT CCACECCET CCTTT CCCTETROCCTTCC
540 634
CCTCCTACCACORET AT OCTCCTCGRCTC CCCTCACOCACTT ACCCROCTTCT COCCRTCTACCAGEL TCTCRCTCT CC CACRCCCCRATCTCCCS
CCTCCTAC CRCOCLT AT COTOC TOGACTC OSCTAACOEACTTACCOROCTTCT C CCARTC TACCRACLTCTCOCTCT CCCACROCC CATCTCCES
CETCCTAC CACOCCT AT AUTOC TCEACT COCETCACCCACTT ACCCROCTT T COCCATCTACTACCU T TCCCTCT CCCACROCC CATCTC COG
COTCETAC CRCOCLT KT CTCCT CGRCTCOCETEACCEACSTTACC CAOCTTCTCOC (RTCTACCAQECT T TCCCTCTCC CACRCCL CRTCTCCCS
CCTCCTACCACESTAT QST ECTCERCTC OCCTCACGCS ARG TT AC CCRAOCTTET CCC ARATCTACCAQUCT " TCCOTCT CC CACAOCCCATCTUCCE
SCTCCTAC ACOCCTAT OCTCCTCCACT COCETCRCAGACTT ACCCACCTTST CCCIATCTACCR GC T TCCCTCTCC CACAOGCLATCTCCCG
CETCCTACCACGET AT AU TCCTCEACTCOZCTCRACOCEACTTACCCRACTTCT CCCARTCTAC AL T TCCCTCT OC CRCACBC CATCTC CCE
GETCCTACCACOUCT AT QCTCC TCCACT COCCTCRUACNSTTACCTACCTTLT CCCAATCTACCGAC LT TTCCCTCTCC CACA QECCATETC O
635 729
TETCQRARTCCCTCCTCCTCAT TTGACOGACTA CCT CATCAAGAT CTTCCCTCACCCCOCATAOSTTTT CTCCRCCACCCL QR ACOCT GARAATCS
TETCEACRTCECTOCTCCTCRI TTCRC OCACTACCT CATGRAGAT CTTCCCTCALK CCOCATA CCTTITCTCCACC RC CCCOCACOST CAARTCS
TGTORACATCLCT O TCCTCRT TTCACOCACTACCTCATC AR ZAT CT TCCCTCACCCCECATAQCTTTT CTC CACCAC CRCQAC OGT CARATCS
TETCQRCATCCCTOCTCSTEAT TTCRACOCACTACCT CATC AR CR T CTTCCCTCRACCCCQCATAOCTTTT CTCCACCACCLC OZAC OCTGRAARTCS
TCTCCRCATCG CTOCTCCTCAT TTGACCGACTA CCT CATCARGAT CTTCLCTC AGCCUOEATA CCTTTT CTCCACCAC CCCOCAC COTCAARTCE
TCTCCACATCCCTOCTCSTGAT TTCACOCACTACCT CATCRACAT CTTCCCT  ACCLUCCCATACCTTTT CTCCRACCACCOCCRAG QLT GRAATCE
TECTCAACATCCCTOCTCOTGAT TTCAC OCACTACCT CATCARCAT CTTCCC TGACCCCOZATACCTTT ™ CTCCACCAC CCCOCRC CCTGRAARTCC
TCTCCACATCCCTORTCCTCAT TTCGACCCACTACCT CRTC ARGAT CTTCLCTGACCLCOAC AT ACCTTTT CTCCACCACCCCOEACOCT CAMATCC
730 824
TTOGTGRCKI CARCCACRAGLCT CTCCT RECT CS OCCTCCACT TUS AE CACG AAATT CARA COC CC A CC AGASCTCTT COCTCCRCARGT CCTAC
TTOCTCACAT CARGCACARGCT CTCCT ACCT QZCCCTCLRCTTCCACCACCARATT CRAAC OCCCACCCACACCTCTT COCTCCACARGT CCTAC
TTCCTCACAT CIACCACAALCCT CTECTACCT CCCCCTCCACT TCEOACCROCAAATT CRARR COC CCACCCAGACCTCTT COCTCGACARGT CCTAL
TTOCTCACAT CRACGCACARGCT CTGCTACCT OCOCCTCCACT TCCRCCAGCARATT CAARCOGCCAGCCACAGCTCTT CGCTCCAGAAGT CCTAC
TTOCTCRACAT CAACC AGARGCT CTGC T ALLT OFCCCTCEACT TCOAC LACCARARTT CARAC QG CCACCCACACC TCTT CGCTCGACRAACTCCTAC
TTOSTCACAT CARCCACRACCT CTCCTACCT QG CCCTCCACT TCCAGCACLARATT CAAR C UG CCACCCACASCTCTT CLCTCOAGRALT CCTAC
TTOCTCACAT CAROCAC ARGCT CTCCTACCT OCCCCTCCACT TCCAC CAQCARATT CARACQC CCAS CCATAGCTCTTCOCTCCACARCT CCTAC
TTOCTCACAT CARGGACARCCT CTACTACGT OC CCCTCAALT TCCACCRAOGAAA TT CARA CCC COAL CUAGAGCTCTT CGCTCCAGAACT CUTAC
415 19
CACCTT CCTCALCGACALGT CRATCACCRT OCLC AR CCAECLTT FCOCTRCRCCACAGE CCCTCTT COAC CCAT S BT CTOACTCTCCRATCTCS
GRCCTTCCTCACCEACALCTCATCACCRT CCCCAACCACSCOTTT COCTC CACCAGAEC COCTCTT OO AL COATCOCTC CTCACTCTCLAATC TS
GACCTTOCTCACCCACALGT CRTCAC C AT OCCCAR CCACCHATTT CURTCCACCRACRGECC CTC TT COAC CCATCOCTCC TOAGRTCTR CAATC TGS
GARCCTTCCTCAOCCACROCT CATCACCAT OCCCAACCRCCOT TT COCTCCACCACACE CC CTCTT CCAC CCATCOSTCCTCORTCTCO AATCTCS
GAGCTTCCTCACCCACACCT CATCACCAT CCECARCCACKSTTT COCTCCACCACRCE CCLTCTT CCACCTATCOCTC CTCAETC TCCANTCTCS
GRGCTTCCTCRCCRACALCT CATCACCAT CUCCRACCACCET TTCOCTGCACCACROC CC CTCTT CCAE CATCQCTC CTCARTCTCCAATCTCS
GRGCTTCOCTCACGCACAGET CATCACC AT CGGCRAACGAGCGT TT CORTCCACC AGAGG CCCTCTT CCAC CCRTCOCTC CTCABTE TCL RATC TGS
GACCTTCCTCAQZEACRGET CATCACCAT ORGCAR UL CETTT COCTCCACCACRLE ICCT CTT LU ACCCATCOCT L CTCOCTCTCLARTCTC
220 1014
CCCTXTCOCACCTCACCACCTTC AACT CCATCATCAACT CTEATC T ORAT CT ICCCAACCA T CT CTACOCAAACATCCT CRATOCTANSCTCACCCC
CCETAT CCRLCTC AC CACCTTCARCT CCATCATGRACTCTEATETCCAT GT CCLCANCEAT CT CT ACCCARACRTOZT CAT2CTAACC TECLCCCC
CCCTRT CCACCTC ACCACCTTCRARCT CCATCAT GRACT CTCATET OCATCT CCOCRAGZAT CTCT ACOC ARR CRTCAT CRT L TAAGCTCC CC L
COATATCCACCTC ACCACCTTCRACT CORTC ATGAACT CTQATC TS AT CT CCCCARGEAT T CTACSCAARCATCCT CATGE TAACCTCSC CC S
CCCT AT CCACCTCACCACCTTCRACT ¢ CATC AT CRACTCTEATCT (P ATCT COCCAACCA T CT CT ACOC ARACATCCT CATOR TARCL TCCULCC
CGCTATCCACCTCACCACCTTUAACT CCATCATCAACT CTGATE T QG AT CT CCOURACCAT T UT A"CG AARCATUCT CATCCTAACC TCEC CCC
CRGT AT CCACCTCACCROCTTCARCT CCRTCATCRACT CTCATCT OZAT CT TCCCAACLAT T CT ACUGC AAR CATCLT C AT S TANGC TCLCCCC
COCTATCCACCTCRACCACCTTCAACT CCATCATCAACTUTGATCT OCATCT CCCCAASIATCT CTACCCAAACATCGT CAT (X TANC C TGLLC!
1016
ATCATT TATCATE T ARG ACATTCAC CTGACART TTT VACT CTRCTCCCAU CACCAT CT A S CALCTATCT
AT CRTTTATCATCTCCRAC ACATTCASCTGRCAXT TTT TRAET CTECTOACAC CACCHTCT ACCCROCTATCT!
ATCATTTATCATC TCCRACAGATT CAGCTCRCAAT T TTAAGT CTCCTCC CAC R CLATCT ACC CAOSTATCT
ATCATTTATCATC TG AR ACRTTCRC CTGRACART T IT "ACT CTECTACCAC CACCRTCT ACC CRACTATYT °
ATCATTTATCATCTCLARC REATTCACCTTCR TRAT T rmm-::::m‘ucmrﬂn«w ROSTATOT
ATCATTTATCATC T AAC AGRTT CACCT CACR AT TTT AT S TUCTOR A T TRCCATOT ATC CAUET, M“"‘l“
ATCRTTTATCA TG AACACR TT TR ST CRCRXTTTIT “3».'1‘""!'};!\;(& A" CRCCATUTAC XITR:
ATCATTTATCATCTCCAACACATTCACC TIACAAT T T TACT CTEATOG ACCACC ATOTAC C CROCTAT ”T‘\‘ CERCCCTRTCCARNDCARRTC
1110 1162
RCOGCCTTOCC CC CRTC CACCA TCRACCT CARG AT CAT GG CRCCACCIZACCE
ACCCCCTTRECCCCATCCRGCATGARLGGT CRACA.
ACOSCCTTCGACCC CATC CACCATGARGET CARGAT CAT CGCACGACCCCAGCE

AACTONTRIST SITERT

CACTCATATY
SACTCATATE

ACOECCTTOGCCCCATC CAGCATGAACCT CARGAT CAT CCCAC CRCCCRACCE
RCCGCCTTAGCCC CATC CRGCATGARGHT CRAGRT CAT QG CAC CACCORACCG

ACOCCCTTOCCCCCATCCACCATCARGCT CAACAT CAT OGCAC ACCOGAGOS
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evidence that safflower is indeed an alternate host of C. beticola. Both safflower and sugarbeet
have been reported to be infected by two different species of Cercospora, C. carthami and C.
beticola respectively. Cross infection of either of the two Cercospora species has never been
previously demonstrated. This investigation confirms our previous report that safflower is a
potential alternate host of C. beticola and demonstrates further need for prudence in rotation
between irrigated safflower and sugarbeet.
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