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ABSTRACT: Objective To investigate the developmental toxicity and molecular mechanisms of the water extracts
from Ustilaginoidea virens-infected Oryza sativ [mainly containing ustiloxin A (UA)] in Danio rerio embryos.
Methods Danio rerio embryos were exposed to 0.1, 0.5 and 2.5 mg/L of the water extracts from Ustilaginoidea
virens-infected Oryza sativ (calculated based on UA concentration) for 120 h. Developmental parameters, including
mortality, body length, heart rate, pericardial edema rate and spinal curvature rate, were evaluated. Quantitative
real-time polymerase chain reaction was used to determine the messenger ribonucleic acid (mRNA) expression of
cardiac development-related genes (Nkx2.5, Thx5, Tnnt2, Gata4, Nppa, Nppb) and skeletal development-related genes
(Col8ala, Bmp2b, Ngs, Ihh, Shh). Results Compared with the control group (Danio rerio culture medium without the
water extracts), all exposure groups exhibited significantly higher mortality and pericardial edema rates. In the 0.5 mg/L
and 2.5 mg/L groups, spinal curvature incidence significantly increased and body length significantly reduced.
Moreover, the heart rate of Danio rerio embryos in the 2.5 mg/L exposure group significantly increased (P<0.05).
Gene expression analysis revealed that in the 0.1 mg/L group, the expression of Thx5, Nppa, Nppb, Bmp2b and Ihh
was significantly downregulated. With increasing exposure mass concentrations (0.5 mg/L and 2.5 mg/L), nearly all
examined key genes involved in cardiac and skeletal development were markedly suppressed. Conclusion The
water extract prepared from Ustilaginoidea virens-infected Oryza sativinduces significant developmental toxicity in
Danio rerio embryos, particularly impairing cardiac and skeletal development. These effects are likely mediated by
the dose-dependent suppression of key developmental genes, suggesting that long-term consumption of
Ustilaginoidea virens-infected rice may pose potential health risks to animals.

KEY WORDS: Oryza sativ, Ustilaginoidea virens; ustiloxins; Danio rerio; cardiac development; skeletal
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BE Tt IR iR O U5 B O B RO SRS R o BE TS £ (Danio
rerio)J&— M ULHY BT f, DR BRI A L IRIIGE W
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ERS TG EAIA R A F]); RNA I, #ife5% A EERE
fitH4% 2 S ¥ (polymerase chain reaction, PCR)YIR | &5 (7 5L i#r
MEE A MR R A R A F]); 519 b st R AE M HOR
IR A A B
1.2 FE58&

LC3210 8 AH € 35 A3 (28 U BE A BB B 43 A FR 2 /)
2500C ZY)RERFALGIR T 2T K BHALH A FRA F)); 200 H
UM (24T LA H 4 AU AT B2 F]); Thermo Fisher
1 R VR B AL BN K R B h E A BRZAF]); BSZ100
4 BB AT EAL (i MR A BRA D), 838 2 44T
(26 mmx100 cm, b 5% K i 10 8RB & A R A H ),

RE100-PRO Jie#% 78 AL (K g 240 S8 A A AL 5t B 28 ),

JXFSTPRP-24L 4> [ Sl Ff iy PR H IS A (b 45 S0l &
JEA PR T]); HX-950F M5 REUD B0 AR L4
RN F]); MIR-554L-PC 't B8 5% JR 46 (2 A0 7 i 2 97 B
AR, LightCycler96 S2I5% %5 B PCR X ( b i
B AW F).
1.3 LI FFE
1.3.1 REBEMEH &

B 4505715 % KOTSO &Iy iy iy ik . B
500 g FHEART MR AR X I FE A, SoKIEWOR LI I
J&, AR 110 g /KW, FZAKIEY) LR 250 mL ODS
JERTHE, R BRI TURM . R 20% H K S TR DR
oy, GWk4i)E, SRR . 28 RO €35 1 (high
performance liquid chromatograph, HPLC)#il| 3 #2 B4 H
UA & 82%.
132 JERKERRETE

B o 77 58 7 bR RO 20 M el uE Y B Rk R, K
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BRI UA 554 0.1, 0.5, 2.5 mg/L 934
FFRA, 1 A FO IR O B KSR U B9 B 0 0. 15 57 ),
BB 5 AFAT(=5). IEIRET HAR 90 mm FiFR (5%
FEFRE 50 mL, 150 MO faIRfifR) o B2 10 (28+0.5) °ClH
TREE TR, BERR 24 h S5 B SRR HE A B SR WO B TR
Hif, %8 120 h J5 ke
133 4 &MEH & FRIFRIT

PEIh IR R 24, 48, 72, 96. 120 h i, WEEIE
R AFE TS O (A IR S AT I 4 5 B 37 A s B, 8
TE BT T WA BIE IR 2 ZOREESS B0 RS2 245 1L # 5h),
GEIFAEToAS; B S RAOS AT N 120 h IFRHE 3
COALFEAK I . RS i) DA R B T £ )0 Bk
134 ®RHIZF PCRAMZ

] Primer 6.0 #AFBET AL 51 (R IR AL
SERHEYEARA RN A R U R A MU
IV (quantitative reverse transcription polymerase chain
reaction, QRT-PCR)¥ 4 7M1 R B-Nlsh & AE A NS HH
PEATHREACAL B o AR H ARSI p-ILSNEE i Ce e, f
A 2742 SO FARSE IR A AR ik R

x1 SIYIFFIER

Table 1 Information of primer sequence

PR 515
f-actin-F TCTTCCAGCCTTCCTTCCT
f-actin-R ATCTTCATGGTGGAAGGAGCA
Nkx2.5-F AGCATCCAACCTTCACAGTCC
Nkx2.5-R AAAAACATCCCAGCCAAACC
Tbx5-F ATTCGCCGATAACAAATGG
Tbx5-R CGCCTTGACGATGTGGAT
Tnnt2-F GGAAATCATCAGCCTCAAAGAC
Tnn2-R CATGTAACCGCCGAAGTGCA
Gatad-F GCCGGGATACCGCAACTTAT
Gatad-R AGTACGGAGCTGTCGAAGTG
Nnppa-F GCTCCTGGTTTGGCAGCAG
Nppa-R GAGCTGCTGCTTCCTCTCGG
Nppb-F TGTTTCGGGAGCAAACTGGA
Nppb-R GTTCTTCTTGGGACCTGAGCG
Col8ala-F AAATGGGTCCTGCCCTTGA
Col8ala-R CGGTCAGTTTGGCAGTGAAA
Bmp2b-F AAAAGCCGAGGAGAAAGCAC-
Bmp2b-R TGGGAATGTTGGAGTTGACC
Ngs-F ACCACAACCATCACGAGTCT
Ngs-R GTCTGCTGCTCCAGAAATGG
Thh-F GCTCACGCCGAACTACAA
Thh-R GCCGTCTTCATCCCAAC
Shh-F GGCTGTTTCCCAGGTTC
Shh-R GGTTCTTGCGTTTCTATGAC
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25 A} FT] IBM SPSS Statistics 25.0 #4065t 47
HE 22081, P<0.05 BHA 2SR B, RAM: Origin
2021 X &5 RAEATIE 221 -
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21 WHRSBEEEREKALAETHZMN
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G, HEEE) HTE 0.16~16.83 mg/L 3 [l Y X 5 2 4 1f
T AHMACK AR o IR B0 300 e A 51 T 4
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HU 26UV R 3, U W SR b o fh 2 36 th A7 e 26

IBEME, FAH B Z (8] W] BEAFTE RS BERL .
22 XPD &IOS RINEERF

Sy ik — 2 BRI W T RN ML, 5T R
W BE O IR R B 25 R R, SRR TG K
T EEROIE S B MR BoR, IR bk R aR A
AT IR IO O AL BE K b, T AE VR R AL, O
W Ak, A AR EE 2 IR (18] 2A) . O B K i &
Az A B B IOk B T v G i, 55 6T BE A HE(0.7%),
3ABERBASY TEE 5.0%.6.4%F1 8.6% (P<0.05)(/& 2B).
EASFE RN, BRI 5 58 5 0BT 1 i 0 6 52 3R 5
AR T o IR BE 2 R 200 2R (80.6 YK /30 8)FI H Ik BE
FRFRL LR (84.6 1R/30s) 5 X HRZH(81.3 ¥K/30 s) Lk &2
S, MEKERBEHLER EWME 884 K/30 s
(P<0.05)(& 3). O ALHEAK IS O IE & B A48 ) fil 3 0
ST R B, 0 3R T AT RE R O AR S5 M R
TEOLT, A AEREIR PR S RE T ™ A AR R o X s
FH, BRI b RS Ay T REHE O I R B LR, B
OG5 5 D Re ™ T B

A 30 i 5
25 4 a a b b
» N I I I I
S [ E 3
ﬁ 15 ti R
& 10 ¢ =2
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s 1
0 0 0.1 0.5 25 0 0 0.1 0.5 25
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Fig.l Effects of extract exposure on the overall growth and development of Danio rerio

A--

0 mg/L 0.1 mg/L

0.5 mg/L 2.5 mg/L

B 14
12 N
R 10
5 b
x 8 b
%
o6
&
4
2
C
0
0 0.1 0.5 2.5
JiE R B/ (mg/L)

AL BRSO A K M B A R (150%); B, BE a0 de K iR
B2 RIS R BE a0 IR A A 5 i

Fig.2 Effects of extract exposure on cardiac morphology of Danio rerio
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Fig.3 Effects of extract exposure on heart rate of Danio rerio
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23 MHSEEHLZBHEN
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gl IR B RS I, v R v v R R A AR B
(B 4A) B FE 2 i R e B T v o S8 25 1, 3 SRR o
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Fig.4 Effects of extract exposure on spinal development of Danio rerio
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Fig.5 Effects of extract exposure on the expression of cardiac
development-related genes of Danio rerio
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Fig.6 Effects of extract exposure on the expression of spinal
development-related genes of Danio rerio
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