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Abstract: Gypsophila paniculata L. is one of the most popular and bestselling cut flowers in the world. Stem rot is among the
common disease of G. paniculata L. causing plant withering and death in serious cases, affecting the ornamental and utiliza-
tion value of the flowers and causing certain economic losses. In March 2021, a severe wilt due to stem rot was observed on G
paniculata L. in Haikou town, Kunming, Yunnan, China. The disease mainly affected the stem base which was manifested by
rot on stem base and wilting. In order to identify the pathogenic microorganism, we isolated and identified the pathogen asso-
ciated with the stem of G paniculata L.. Koch’s postulates proved that the isolate caused similar symptom on tissue culture
and potted seedlings of G. paniculata L., and the isolate had similar morphology with initially isolated from with the naturally
infected seedlings in the field. Through morphological identification, the isolate produced a large number of dense aerial hy-
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phae with color ranging from white to light orange or yellow with dark red pigment deposition on the back of the colony. The
conidia of the isolate was sickle-shaped with flat ventral side, the dorsal side was arched, with three to six septation. The
macroconidia was in the range (21.1-57.9)umx(2.7-5.1)um (n=100), no microconidia were observed. The morphology was
similar to that of Fusarium pathogenic fungi. Through the identification of ITS gene sequence and morphology, the isolate
was initially identified as F. graminearum species complex (FGSC). In order to further identify the subspecies, the TEF-1a
sequence was used for sequencing. It was found that the isolate was 100% homologous with F. meridionale. Therefore, com-
bined with morphological and molecular biological characteristics, the pathogen of the stem rot of G paniculata L. was iden-
tified as F. meridionale. This is the first report on the stem rot of G paniculata L. in China, which would provide an important

basis for the prevention and control of the disease.
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: A RS BARAIER; B: CK.
A ZERIEIR; B MR R RIRE, A: The symptoms of whole grafted seedling after

A: Symptoms on the base of the stem; B: Symptoms inoculation; B: CK.

of the whole plant. B3 REEMEREZFENIIRENE
E1 #HREBZBHFERK Fig. 3 Pathogenicity test of potted seedlings
Fig. 1 Symptom of G. paniculata L. stem rot inoculated by infiltration
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G. paniculata L. tissue culture seedlings
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Fig. 4 Morphological characteristics of pathogens
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Bipolaris oryzae CBS 199.54 (MH857291.1)
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Fig. 5 Phylogenetic tree based on ITS gene sequence

3 itig

ITS 75 R K0 b P 5 458, Al F PCR B9
W, #TE N T HESENRCTS], HITS
YEN rDNA i i BEARSF X, X840 (] B X 22 5
YRR/ EE (IR ), A B L
YiE, Xt IE Rl K E IR AR E A Y A ST AE
NCBI ¥4 JE¥E4T BLAST Heox g fErpth R B, H
RERH R o S BT i g, o e % e
FNHARF ., TEF-1a F 3 2 i i 25 (B 1R 35 B0
By, EHRTIEFKE L&A FEE N R,
YRR, 5 ITS PSR 2Rk, AR
BRoEMEMZRE, HRrfed ) WA s e L
Tz, AR R x4k 0 B A 250 43 19 — A~ S ZEAb
7310 DONG %P2 14 K 2524l TEF-1a )55
W F AR T KR L B —Fh R B T N R
BRAOEE . UL, At — b o r A e 2 HAR B
TE ITS Jy 4 3k ml 455 TEF-1a JF 51508, K ik
T S B HAR B

Wi DNA FRicdE A7 B % i) iz (Y

BRI F I iR T H (BLAST ), o]
PIFE NCBI f#) GenBank M3l [3ff5, X 2&—Fhik
AR T, AR R T AR R (5
EUAFAE R 2 0 Al 5 P TR R AL 20 308 ) I B
BIFH, AT B H A SR O’ DONNELL
ZED3VH GEISER 6P RS L B/ h &8, (il
) —Le SR 555 TR Bk T R 2 PR A e, 1]
AEJ& T A T R A B R b A R Y A
Fusarium-ID 4 & & — A T4 e I fh | IR
1 B e, R B4 78 R0 20 28 TR R 1 e SRR L
ST R, ARG O T ERR B YE 5, 7E NCBI
el 454 Fusarium-ID 0di PEEI TR 9IAG %% .
TR B e — P = 2R R T U )t A
Yy, SRR ER S R B RERE T, R
3 R ST A 9 2t B g L B R A R L
TEAR B B, 6 B 8 AN ST A 22 4% i ( Rhizoctonia
solani ) JUHEA faFE M. fERBFEMRD, Ho)H
JRE I LUE R, SERIRET Y, bk
TR B R e B R BB, FERTARZE . LU



o Tl K S ZEJEA rp OB R G 00 S 997

100

100

Fusarium meridionale YNF15-55 (MT237814.1)
KMHK4-2

F. meridionale 21SX8-15 (OM460756.1)

F. meridionale 299 (MG588075.1)

F. meridionale DS27 (MN629330.1)

F. meridionale NRRL 52760 (JF740835.1)

F. austroamericanum NRRL 28718 (AF212440.1)
F. austroamericanum NRRL 52762 (JF740836.1)
F. brasilicum NRRL31238 (AY452963.1)

F. brasilicum NRRL31281 (AY452964.1)

F. cortaderiae NRRL 29306 (AY225886.1)

F. cortaderiae NRRL31185 (AY452962.1)

F. boothii NRRL 29105 (AF212446.1)

F. acaciae-mearnsii NRRL34197 (DQ459739.1)
F. acaciae-mearnsii NRRL34207 (DQ459741.1)
F. graminearum CBS 130619 (JX118857.1)

F. graminearum NRRL 28336 (AF212459.1)

F. mesoamericanum NRRL25797 (AF212441.1)
F. mesoamericanum NRRL29148 (AF212442.1)
F. equiseti NRRL 26419 (GQ505599.1)

F. verticillioides NRRL22172 (AF160262.1)
F. proliferatum NRRL 31071 (AF291058.1)

F. oxysporum NRRL 31071 (AF160312.1)
F. solani NRRL 52798 JF740866.1
Bipolaris oryzae CBS:199.54 (MH857291.1)

Be6 ETFTEF-1l0oERFINRSBERESTHRESHLK

Fig. 6 Phylogenetic tree of F. graminearum species complex constructed based on TEF-1o gene sequences

F) ., whE LA A IRENY, XLk T # R
9o S R LS VR RO T (R verticillioides ), 2
MR (F proliferatum ), HHERE VT . BT (0
TV . ARSI . RAERIITE . RS .
Hr, 20 e 90 4AEMAERTHIAE , RAHE T A9
WOLCAN %51 Vit 12 kg i R 2 25 8 9 1
W, AU E ARG HRME SR, Khe BRm
MEFP . 25 I 5 I AR A i ) TR AR A IR L i R A
IR, TEZERGL IS OLT , ZEIEERA LU BLIR
W, Bite R B IR E, M R
KAEZE Lo MIZEECE W, YR A fm i I 4
TR —E R TR Oe o T R R 2R R A v [ et A
iRl , PR sCEk, X TR EE R IRE R i
PR | RS A R L 2R, AR ST R il R R e
TSI FZE G IR BREE AL T B S LAt

BOIWIERE TRET M F MR E, FERA
7E L RE R E TR, R 2R R R R
RGP G i, T E B AN ZE LB
WIERE . DRIUE, 00 R O SRR B 7 AR G R B
s TS ), A R A R R A SR
R R R R T B LS K R -

2% 3Tk

(11 R&EAT, RBR. SAEZTHM]. S ZREERAR
AT, 1999: 20-25.
WU Z X, WU B L. Practical gardening handbook[M]. Hefei:
Anhui Science and Technology Press, 1999: 20-25. (in Chi-
nese)

21 ZFxiE, XV, BRI, KR TR A A SR
WEFEI]. ISR R, 2018(18): 135, 137.
LI Y H, LIU Q, CHEN L H. Study on bud induction and
culture of Gypsophila paniculata sterile seedlings[J]. Mod-
ern Agricultural Sciences and Technology, 2018(18): 135,
137. (in Chinese)

3] FR A KR P B S AR AT AR R A L (D).
DL ARl R, 2019.
TONG Y J. Establishment of rapid propagation and Agro-
bacterium _mediated transformation in Gypsophila panicu-
lata[D]. Wuhan: Huazhong Agricultural University, 2019.
(in Chinese)

[4] #HAE, VR, 4RR, TRET, SKATA. KR A B
BHRRIRIE[I]. PR, 2021, 44(13): 18-19.
DONG Y X, XU J Q, ZOU J, ZHANG G P, ZHANG Y H.

Research on tissue culture and rapid propagation technology



998

445 8

(3]

(6]

(7]

(8]

(9]

(10]

(11]

[12]

[13]

[14]

of Gypsophila paniculata[J]. Contemporary Horticulture,
2021, 44(13): 18-19. (in Chinese)

BRERD, BRI, ARER, TR, RIEM. THEMYECEE
26 %)M]. dbat: Bl i, 1996: 422

QIANC S,CHENHP,LINR, YUD J, WU Z Y. Flora of
China (Volume 26)[M]. Beijing: Science Press, 1996: 422.
(in Chinese)

B, A, Bk, EEEE, RIS B, R
JET T R B LT AR SR DL AL DR ]
FURLM R, 2011(1): 226-227.

SHANQL, YANGCM, QUY H, WANG G X,ZHAOPF,
DUAN Q, XU F, ZHOU N N. The factory productionand its
solving measureson common problem of Gypsophila pani-
culata L. seedlings[J]. Modern Agricultural Science and
Technology, 2011(1): 226-227. (in Chinese)

e, 2. R MR SR 1] sRRlL RN,
1999(4): 25-217.

LI S F, LIS F. Gypsophila paniculata L. plastic film mulch-
ing cultivation[J]. Yunnan Agricultural Science and Tech-
nology, 1999(4): 25-27. (in Chinese)

SR, BROJH AR R A SRR D). &
Rk, 2011, 23(3): 311-316

ZHANG Y P. The research advance of biosynthesis and
regulation mechanism on Fusarium mycotoxins[J]. Chinese
Bulletin of Life Sciences, 2011, 23(3): 311-316. (in Chinese)
BAI G H, SHANER G. Management and resistance in wheat
and barley to Fusarium head blight[J]. Annual Review of
Phytopathology, 2004, 42(1): 135-161.

GOSWAMI R S, KISTLER H C. Heading for disaster:
Fusarium graminearum on cereal crops[J]. Molecular Plant
Pathology, 2004, 5(6): 515-525.

NYVALL R F. Field crop diseases|[M]. Oxford: Blackwell
Publishing, 1999: 279-280.

O’DONNELL K, WARD T J, GEISER D M, KISTLER H C,
AOKI T. Genealogical concordance between mating type
locus and seven other nuclear genes supports formal recogni-
tion of nine phylogenetically distinct species within the
Fusarium graminearum clade[J]. Fungal Genetics and Biol-
ogy, 2004, 41: 600-623.

ZTHE, B, L, BUNE, BE, Ereny. FREEK
R BUR R RE S AR B SR S E [T, 1Y)
{RI2E4R, 2014, 41(5): 589-596.

QIN Z H, REN X, JIANG K, WU X F, YANG Z H, WANG
X M. Identification of Fusarium species and F. graminearum
species complex causing maize ear rot in China[J]. Journal of
Plant Protection, 2014, 41(5): 589-596. (in Chinese)
ARRUDA M HM D, ZCHOSNKI F L, SILVA Y K, LIMA
D L D, DAURI J T, DA-SILVA P R. Genetic diversity of

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

Fusarium meridionale, F. austroamericanum and F.
graminearum isolates associated with Fusarium head blight
of wheat in Brazil[J/OL]. Tropical Plant Pathology, 2021(1).
DOI:10.1007/S40858-020-00403-3.

GRS o [ 22 2R T A 1 22 R R 2 B
WFFE[D]. dbat: dbath AL RLABE, 2011,

ZHANG H. Population genetic diversity and ecological ada-
pation of Fusarium graminearum species complex from
wheat and barley in China[D]. Beijing: Chinese Academy of
Agricultural Sciences Dissertation, 2011. (in Chinese)
ZHOU D, WANG X, CHEN G, SUN S, YANG Y, ZHU Z,
DUAN C. The major Fusarium species causing maize ear
and kernel rot and their toxigenicity in Chongqing, China[J].
Toxins, 2018, 10(2): 90.

JA, T ESL, B, R, B, RaeT. BT
T M o i DR T S 2 3 N AR (D). v AR TR,
2018, 38(2): 11-16.

ZHOU J,DING Z L, YANG C Z, WEN L, JIAO Z B, WU J
P. Pathogen identification of dry rot of Amorphophallus
konjacin storage period and indoor fungicide-screening[J].
China Plant Protection, 2018, 38(2): 11-16. (in Chinese)
WOLCAN S M, MOURELOS C A, SISTERNA M N,
GONZALEZ M DEL P, ALIPPI A M, NICO A, LORI G A.
Diseases of Gypsophila[M]/MCGOVERN R J, ELMER W
H. Handbook of florists’ crops diseases. Cham: Springer In-
ternational Publishing, 2018: 561-582.

FARR D F, BILLS G F, GAMURIS G P, ROSSMAN A Y.
Fungi on plants and plant products in the United States[J].
Mycologia, 1990, 42(3): 243-246.

ORLIKOWSKI L B, WOJDYLA A, SKRZYPC ZAK C.
Diseases of Gypsophila paniculata in Poland and their con-
trol. Stem rot of Gypsophila paniculata incited by Phy-
tophthora nicotianae var. nicotianae and Fusarium cul-
morum[J]. Prace Institutu Sadownictwa i Kwiaciarstwaw
Skierniewicach, 1991, 6: 157-162.

WOLCAN S M, RONCO L, LORI G A. Basal rots of Gyp-
sophila paniculata (Caryophylaceae): causal agents and their
potential pathogenicity on Dianthus caryophyllus (Caryo-
phylaceae)[J]. Boletin De La Sociedad Argentina De
Botanica, 2007, 42(3/4): 159-167.

Jr ik, AT T IM). 3 IR bt R EAR R AR,
2007: 138.

FANG Z D. Research methods of plant diseases[M]. 3rd ed.
Beijing: China Agriculture Press, 2007: 138. (in Chinese)
LEEH B, KIM CJ, MUNHY, CHOI H S, YUN H O. First
report of crown rot on Gypsophila (Gypsophila paniculata)
caused by Fusarium proliferatum in Korea[J]. Plant Disease,
2011, 95(2): 220.



55 53] Jil = 34

T K 2 25 T v — T D T 1) 2 5

999

(24]

(25]

[26]

[27]

(28]

[29]

[30]

LESLIE J F, SUMMERELL B A. The Fusarium laboratory
manual[M]. Ames, lowa: Blackwell Publishing, 2006:
176-179.

D, KvufE, M. @k CTAB Bt R 2
ARECH DNA[J]. SETLIERAER A2, 2003(6): 72-73.

YIR H, ZHU X R, ZHOU E X. Rapid and micro extraction
of filamentous fungi DNA by simplified CTAB method[J].
Journal of Zhanjiang Ocean University, 2003(6): 72-73. (in
Chinese)

WHITE T J, BRUNS T, LEE S, TAYLOR J W. Amplifica-
tion and direct sequencing of fungal ribosomal RNA genes
for phylogenetics[M]/INNIS M A, GELFAND D H, SNIN-

SKY J J. PCR Protocols: a guide to methods and applications.

San Diego, California: Academic Press, 1990: 315-322.
MIRETE S, VAZQUEZ C, MULE G, JURADO M,
GONZALEZ-JAEN M T. Differentiation of Fusarium verti-
cillioides from banana fruits by IGS and EF-la sequence
analyses[J].
110(5): 515-523.

srEm, EEE, e, R, RO, TR, Bk
A FRHIE D R o L 1 8 R R B R A TR Y
BN T[], P EAEPIBG A4, 2022, 38(1): 258-266.
ZHANG X L, CAO Z Y, YANG Y H, SONG Y, SHENTU
X P, YU X P. Identification of the pathogen causing root rot

European Journal of Plant Pathology, 2004,

of Dendrobium officinale and sensitivity to the fermentation
broth of Streptomyces[J]. Chinese Journal of Biological
Control, 2022, 38(1): 258-266. (in Chinese)

TWILL, BRI, MR, FE, o, 6N £T
DNA SIS AR 3 71 R f R 2 € 0], A7
2, 2016, 43(4): 544-551.

LEI'Y H, KUANG W G, ZHENG C S, LI X Z, GAO W N,
LI C J. Detectionan didentification of the genus Fusarium by
DNA barcoding[J]. Journal of Plant Protection, 2016, 43(4):
544-551. (in Chinese)

DUBEY S C, PRIYANKA K, SINGH V. Phylogenetic rela-
tionship between different race representative populations of

Fusarium oxysporum f. sp. ciceris in respect of translation

(31]

(32]

[33]

[34]

[35]

[36]

[37]

elongation factor-lo, B-tubulin, and internal transcribed
spacer region genes[J]. Archives of Microbiology, 2014,
196(6): 445-452.

ZARRIN M, GANJ F, FARAMARZI S. Development of a
polymerase chain reaction-restriction fragment length poly-
morphism method for identification of the Fusarium genus
using the transcription elongation factor-1 alpha gene[J].
Biomedical Reports, 2016, 5(6): 705-708.

DONG F, HONG X J, SHI J R, MDUDUZI P M,
ADEMOLA O O, CHEN X Y, LEE Y W. First report of
Fusarium head blight caused by Fusarium meridionale in
rice in China[J]. Plant Disease, 2020, 104(10): 2726-2727.
VILGALYS R, SUN B L. Ancient and recent patterns of
geographic speciation in the oyster mushroom Pleurotus re-
vealed by phylogenetic analysis of ribosomal DNA se-
quences[J]. Proceedings of the National Academy of Sci-
ences of the United States of America, 1994, 91(10):
4599-4603.

NILSSON R H, TEDERSOO L, ABARENKOV K, RYBER-
G M, KRISTIANSSON E, HARTMANN M, SCHOCH C L,
NYLANDER J A A, BERGSTEN J, PORTER T M. Five
simple guidelines for establishing basic authenticity and re-
liability of newly generated fungal ITS sequences[J]. My-
coKeys, 2012(4): 37-63.

O’DONNELL K, AL-HATMI A, AOKI T, BRANKOVICS
B, ZHANG N Z. No to Neocosmospora: phylogenomic and
practical reasons for continued inclusion of the Fusarium
solani species complex in the genus Fusarium[J]. Ecological
and Evolutionary Science, 2020, 5(5): ¢00810-20.

GEISER D M, AL-HATMI A, AOKI T, ARIE T, ZHANG X.
Phylogenomic analysis of a 55.1 kb 19-gene dataset resolves
a monophyletic Fusarium that includes the Fusarium solani
species complex[J]. Phytopathology, 2020, 111(7): 1064-
1079.

CROUS P W, LOMBARD L, SANDOVAL-DENIS M.
Fusarium: more than a node or a foot-shaped basal cell[J].
Studies in Mycology, 2021, 98: 100116.



