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Horizontal gene transfer of Fhb7 from fungus

underlies Fusarium head bl

ight resistance in wheat

Hongwei Wang*+, Silong Sun*, Wenyang Ge*, Lanfei Zhao*, Bingqgian Hou*, Kai Wang*,
Zhongfan Lyu*, Liyang Chen, Shoushen Xu, Jun Guo, Min Li, Peisen Su, Xuefeng Li, Guiping Wang,

Cunyao Bo, Xiaojian Fang, Wenwen Zhuang, Xinxin

Cheng, Jianwen Wu, Luhao Dong, Wuying Chen,

Wen Li, Guilian Xiao, Jinxiao Zhao, Yongchao Hao, Ying Xu, Yu Gao, Wenjing Liu, Yanhe Liu,
Huayan Yin, Jiazhu Li, Xiang Li, Yan Zhao, Xiaogian Wang, Fei Ni, Xin Ma, Anfei Li, Steven S. Xu,

Guihua Bai, Eviatar Nevo, Caixia Gao, Herbert Ohm

INTRODUCTION: Fusarium head blight (FHB)
is a fungal disease that devastates global wheat
production, with losses of billions of dollars
annually. Unlike foliar diseases, FHB occurs
directly on wheat spikes (inflorescences). The
infection lowers grain yield and also causes
the grain to be contaminated by mycotoxins
produced by the Fusarium pathogen, thus im-
posing health threats to humans and livestock.
Although plant breeders have improved wheat
resistance to FHB, the lack of wheat strains
with stable FHB resistance has limited progress.

RATIONALE: Many genetic loci in wheat affect
FHB resistance but most only have minor

Th. elongatum

A Epichloé fungus

, Lingrang Kongt

effects; only a few exhibit a stable major effect
on resistance. Wheat relatives in the Triticeae
tribe carry resistant genes to different diseases
including FHB and thus can be alternative
sources of FHB resistance for wheat breed-
ing. Thinopyrum wheatgrass has been used
as a source of beneficial genes transferable
to wheat by distant hybridization breeding
since the 1930s. Fhb7, a gene transferred from
Thinopyrum to wheat, showed a stable large
effect on FHB resistance. However, the lack of
a Thinopyrum reference genome hampered
gene cloning and marker development, delay-
ing the use of Fhb7 in wheat breeding. Here,
we cloned Fhb7 using a reference assembly

Fhb7(+) Wheat Fhb7(-) Wheat
I W \ K\ /

I

11/
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Fhb7 «_

Fungus-plant
horizontal gene transfer
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Fhb7 confers FHB resistance by detoxifying trichothecenes. (A) Fhb7 in Th. elongatum genome likely
came from an Epichloé fungus through horizontal gene transfer. Fhb/ drives FHB resistance when introgressed
from Thinopyrum into wheat. (B) Fhb7 encodes a GST that detoxifies Fusarium-produced trichothecenes by
conjugating GSH (blue) to the epoxy group (red). R; to R refer to the variable groups in trichothecenes.

Wang et al., Science 368, 844 (2020) 22 May 2020

that we generated for Th. elongatum and char-
acterized its resistance mechanisms and evo-
lutionary history.

RESULTS: Using sequence data from 7Th.
elongatum, we assembled the Triticeae E
reference genome with 44,474 high-confidence
genes annotated. Using this reference, we
genetically mapped Fhb7 and located itto a
245-kb genomic region. We determined a gene

encoding a glutathione
S-transferase (GST) as Fhb7
Read the full article DY Virus-induced gene si-
at https://dx.doi. lencing and evaluated
org/10.1126/ mutants and transgenic
science.abad435 plants. We discovered that
Fhb7 detoxifies pathogen-
produced trichothecene toxins by conjugating
a glutathione (GSH) unit onto the epoxide
moieties of type A and B trichothecenes. Fhb7
GST homologs are absent in the plant kingdom,
but one sequence showing ~97% identity with
Fhb7 was found in endophytic fungi of an
Epichloé species that establishes symbiosis
with temperate grasses. This result suggests
that Fhb7 might have been transferred from
Epichloé to Th. elongatum through horizontal
gene transfer. Finally, we demonstrated that
Fhb7, when introgressed into diverse wheat
backgrounds by distant hybridization, confers
broad resistance to both FHB and crown rot
without penalizing wheat yield. Our results
suggest a source of Fusarium resistance for
wheat improvement.

CONCLUSION: Th. elongatum carries biotic and
abiotic resistance genes and is a useful re-
source for wheat breeding. The assembled
Th. elongatum reference genome can aid iden-
tification and cloning of such genes for wheat
improvement. Cloning of Fhb7 revealed that it
encodes a GST that can detoxify trichothecene
toxins. Thus, Fhd7 resistance differs from Fhbil
resistance, which depends on a reduction of
pathogen growth in spikes, although both
confer durable resistance. The ability of Fhb7
to detoxify multiple mycotoxins produced by
various Fusarium species demonstrates its
potential as a source of resistance to the various
diseases for which Fusarium trichothecenes
are virulence factors. The deployment of Fhb7
in commercial wheat cultivars could alleviate
both the food safety issue for consumers and
the yield loss problem for growers. Sequence
homologies between fungal and plant Fhb7
suggested that horizontal gene transfer may
help to shape plant genomes.

The list of author affiliations is available in the full article online.
*These authors contributed equally to this work.
tCorresponding author. Email: Ikong@sdau.edu.cn (L.K.);
wanghongwei@sdau.edu.cn (H.W.)
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Horizontal gene transfer of Fhb7 from fungus
underlies Fusarium head blight resistance in wheat

Hongwei Wang'*1, Silong Sun'*, Wenyang Ge'*, Lanfei Zhao'*, Bingqgian Hou'*, Kai Wang?*,
Zhongfan Lyu, Liyang Chen?, Shoushen Xu', Jun Guo®, Min Li, Peisen Su?, Xuefeng L,
Guiping Wang?, Cunyao Bo', Xiaojian Fang', Wenwen Zhuang?, Xinxin Cheng’, Jianwen Wu,
Luhao Dong?, Wuying Chen', Wen Li*, Guilian Xiao', Jinxiao Zhao?, Yongchao Hao', Ying Xu',
Yu Gao!, Wenjing Liu’, Yanhe Liu®, Huayan Yin!, Jiazhu Li% Xiang Li, Yan Zhao',

Xiaogian Wang?, Fei Ni, Xin Ma', Anfei Li, Steven S. Xu®, Guihua Bai®, Eviatar Nevo’,

Caixia Gao®, Herbert Ohm®, Lingrang Kong't

Fusarium head blight (FHB), a fungal disease caused by Fusarium species that produce food toxins,
currently devastates wheat production worldwide, yet few resistance resources have been discovered
in wheat germplasm. Here, we cloned the FHB resistance gene Fhb7 by assembling the genome of
Thinopyrum elongatum, a species used in wheat distant hybridization breeding. Fhb7 encodes a
glutathione S-transferase (GST) and confers broad resistance to Fusarium species by detoxifying
trichothecenes through de-epoxidation. Fhb7 GST homologs are absent in plants, and our evidence
supports that Th. elongatum has gained Fhb7 through horizontal gene transfer (HGT) from an endophytic
Epichloé species. Fhb7 introgressions in wheat confers resistance to both FHB and crown rot in diverse
wheat backgrounds without yield penalty, providing a solution for Fusarium resistance breeding.

heat (Triticum aestioum L.) is a lead-

ing source of calories for the human

population (I). The prevalence and

widespread outbreaks of the devas-

tating Fusarium head blight (FHB)
disease, exacerbated by recent changes in
climate and certain cropping practices, has
posed a threat for global wheat production
and food safety. Fusarium species cause not
only FHB in wheat, barley, and oat, but also
crown rot in wheat and ear rot in maize. How-
ever, F. graminearum is the prominent patho-
gen of wheat FHB in China, the United States,
Canada, Europe, and many other countries
(2). Fusarium produces epoxy-sesquiterpenoid
compounds known as trichothecenes, some
examples of which are deoxynivalenol (DON),
T-2 toxin, HT-2 toxin, and nivalenol (NIV),
among others; these compounds are inhib-
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itors of protein synthesis and virulence factors
for pathogenicity (2). Trichothecene contami-
nation in cereal grain results in immunotox-
icity and cytotoxicity in humans and animals
and thus has aroused public safety concerns
(3). Despite global screening efforts examining
tens of thousands of wheat accessions, a lim-
ited number of quantitative trait loci (QTLs)
have been verified to confer a stable effect on
FHB resistance (4). Fhbl on chromosome 3B is
the only QTL that has been used in breeding
programs worldwide. Although it has been
cloned from different Chinese wheat sources,
its molecular identity and resistance mecha-
nisms remain equivocal (5-8).

Wheat relatives have proven to be alterna-
tive sources for improvement of resistance to
both biotic and abiotic stresses in wheat (9).
Distant hybridization, the practice of making
crosses between two different species, genera,
or higher-ranking taxa, makes it possible to
transfer alien genes from Triticeae tribe rela-
tives to wheat (9-1I). Tall and intermediate
wheatgrasses of the Thinopyrum genus (forage
grasses) are sources of resistance to salinity,
drought, and disease for wheat. Several dis-
ease resistance genes, including stem rust
(e.g., Sr24, Sr25, Sr26, Sr43, Sr44, and SrB),
leaf rust (Lr19, Lr24, Lr29, and Lr38), pow-
dery mildew (Pm40 and Pm43), barley yellow
dwarf virus (Bdv2 and Bdv3), and Fusarium
head blight (#hb7), have been introduced from
Thinopyrum into wheat for resistance breeding
{10, 12-16).

Fhb7is a QTL introduced from Thinopyrum
elongatum and shows a similar effect on FHB re-

22 May 2020

sistance as Fhbl. Th. elongatum (syn. Agropyron
elongatum or Lophopyrum elongatum), a
grass of the Triticeae family with a diploid E
genome (2n = 2x = 14), is native to Eurasia
and is thought to be a genome donor species
for various tetra-, hexa-, and even decaploid
species in the Thinopyrum genus (14). The lack
of a reference sequence for the E genome has
impeded the process of cloning and the de-
velopment of diagnostic markers for the deploy-
ment of Fhb7 and other E genome-derived
resistance genes. Here, we report the assembly
of a reference genome for 7h. elongatum and
describe the cloning and biomolecular charac-
terization of Fhb7. Using the newly assembled
E genome reference, we identified a GST gene as
a candidate for Fhbd7 by map-based cloning and
confirmed its function in FHB resistance using
transgenics. Fhb7 can detoxify trichothecenes
by catalyzing the conjugation of a glutathione
(GSH) unit onto their toxic epoxide moiety.
Fhb7s coding sequence has no obvious homol-
ogy to any known sequence in the entire plant
kingdom but shares 97% sequence identity
with a species of endophytic fungus (Epichloé
aotearoae) known to infect temperate grasses,
which provides evidence that Fhb7 in the
Th. elongatum genome might be derived from
the fungus through HGT. We demonstrate
here that Fhb7 confers resistance to both FHB
and crown rot without yield penalty in wheat.

Results
Th. elongatum genome assembly and evolution

To sequence and assemble the genome of
Th. elongatum, 1.1 Tb of high-quality sequence
reads were generated from a series of li-
braries, which is about 236x coverage of the
Th. elongatum genome (table S1). We initially
assembled the short sequence reads using
DeNovoMAGICTMS3.0 software (NRGene) and
then filled the gaps using ~145 Gb (~31x)
PacBio SMRT reads. The initial assembly was
finely tuned using high-quality paired-end
polymerase chain reaction (PCR)-free reads.
Two Bionano optical maps (based on enzymes
BspQI and DLE1 data) were further used to
extend the scaffolds (tables S2 and S3), which
resulted in a 4.63-Gb assembly with a contig
N50 size of 2.15 Mb and a scaffold N50 size of
73.24 Mb (Table 1).

To construct the pseudochromosomes, high-
throughput chromosome conformation cap-
ture (Hi-C) data were used to categorize and
order the assembled scaffolds (table S4). A total
of 141 scaffolds were anchored and oriented
onto seven pseudochromosomes, which ac-
count for 95% of the estimated genome size
(4.78 Gb; fig. S1) and 98% of the assembled
genome sequences (fig. S2). About 97.6%
complete and 1.3% fragmented Embryophyta
genes were detected in our assembly accord-
ing to BUSCO [Benchmarking Universal Single-
Copy Orthologs (17)], proportions comparable
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Table 1. Summary statistics for Th. elongatum genome assembly.

Assembly characteristics Values
Estimated genome size 4.78 Gb
Total length of contigs 4.58 Gb
N50 length of contigs 2.15 Mb
Total number of contigs 12,262
Longest contigs 11.6 Mb
Total length of scaffolds 4.63 Gb
N50 length of scaffolds 73.24 Mb
Total number of scaffolds 783
Longest scaffolds 258.71 Mb
Total gap size 52.78 Mb
Total sequences anchored to the pseudochromosomes 4.54 Gb
Number of annotated high-confidence genes 44,474
Percentage of repeat sequences 81.29%
Complete BUSCOs 97.6%
Fragmented BUSCOs 1.3%
Missed BUSCOs 1.1%

to other Triticum genomes (table S5). The
quality of the E genome assembly was vali-
dated by assessment of the long terminal re-
peat (LTR) completeness using LTR Assembly
Index (LAI) software (18) (table S6), by ge-
nomic alignment with 61 randomly selected
bacterial artificial chromosome (BAC) clones
(fig. S3 and table S7), and by the consistency
of our assembly with a high-density genetic
map from a hexaploid Thinopyrum species
(19) (fig. S4).

Repetitive elements are dispersed through-
out the E genome, with ~81.29% of the Th.
elongatum assembly being annotated as re-
petitive elements, including retrotransposons
(62.39%), DNA transposons (17.83%), and un-
classified elements (1.07%) (table S8 and table
S9). Analysis of the Cereba and Quinta LTR
retrotransposons supported that the centro-
mere regions were appropriately assembled
(fig. S5). The composition of different classes
of repetitive DNA in the E genome was sim-
ilar to those of the wheat A, B, or D sub-
genomes (fig. S6). No recent LTR burst was
detected in the E or common wheat genomes
(fig. S7), suggesting relatively stable genomes
and helping to explain the success of distant
hybridization breeding efforts using these
materials. A total of 44,474 high-confidence
protein-coding genes were predicted on the
basis of a combination of methods [ab initio,
protein homology based, and RNA-sequencing
(RNA-seq) based], and 44,144 (99.3%) of the
predicted genes were anchored onto the seven
assembled pseudochromosomes (figs. S8 and
S9 and tables S10 to S12).

Gene family analysis identified 32,048
orthologous genes between the E genome and
the wheat A, B, or D genome or the barley
genome (fig. S10). A synonymous substitution
rate (K;) value was calculated using a moving-
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average model with the ortholog dataset, which
revealed similar K peak values between the
E genome and the wheat subgenomes (E and
A: 0.0645, E and B: 0.0645, E and D: 0.062),
indicating a branching time for Th. elongatum
and Triticum of ~4.77 to 4.96 million years ago
when a nucleotide substitution rate of 6.5*10™°
was used (Fig. 1A) (20).

We also compared the E genome with other
Triticeae genomes that have been used for
distant hybridization based on a maximum
likelihood tree built using single-copy genes
from available Triticeae genome assemblies;
the tree also incorporated transcript data for
several diploid species, including the Triticeae
R, Q,V, F, and Ns genomes (table S13). The three
wheat subgenomes are more closely related to
the E genome of Th. elongatum than they are
to the R genome of rye, another species fre-
quently used in wheat distant hybridization
(Fig. 1A). A syntenic block analysis indicated
genome-wide colinearity between the E ge-
nome and the A, B, or D genomes, which
helps to explain the success of E-genome-
based distant hybridization breeding in wheat
(Fig. 1B and data S1). Substantial colinearity
notwithstanding, we did identify 18 fragmen-
tal inversions between the E genome and the
wheat subgenomes, with sizes ranging from
1.5 to 18 Mb, which is supported by both the
Bionano maps and Hi-C data (fig. S11 and
table S14).

Map-based cloning of the Fusarium resistance
gene Fhb7

A total of 1897 resistance gene analogs (RGA)
were annotated in the E genome (fig. S12 and
table S15). An apparent RGA expansion, espe-
cially for CC-NBS-LRR (CNL), on the distal
end of the long arm of chromosome 7E (7EL)
is accompanied with the expansion of this
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genomic region (fig. S13 and table S16). Some
of the alien resistance gene introgressions into
wheat are located in this region, including L719,
Sr25, Bdv3, and Fhb7 (10, 13, 14,).

Previously, we mapped the Fhbd7to the distal
end of the 7EL (based on recombination be-
tween 7E1 and 7E2 in a common wheat back-
ground) using a recombinant inbred line (RIL)
population from a cross between an FHB-
susceptible substitution line (7E1/7D) and
an FHB-resistant substitution line (7E2/7D)
(13, 21). For further mapping of this gene, we
developed a segregation population derived
from BCgF; with the same cross, in which FHB
resistance was tracked as monogenic trait for
validation of phenotypes. We also developed a
population to promote 7E recombination by
introducing the CS phibphilb locus (fig. S14).
Because of the semidominant nature of Fhb7,
the homozygous offspring of the recombinants
were evaluated for FHB resistance. With analy-
sis of 258 recombinants (between the XBE45653
and XsdauK67 markers) screened from 19,200
progeny of BC4F; population, we confirmed
that Fhb7 is positioned between the XSdauK79
and XSdauK80 markers within an ~1.2-Mb re-
gion based on the E reference genome (Fig. 1C
and fig. S15).

Analysis of the RNA-seq data of E reference
genome from 7h. elongatum spikes identified
eight expressed genes in the Fhb7 region (Fig. 1C
and table S17). However, when conducting
transcriptomics analysis of the parental lines
of 7E1/7D (S) and 7E2/7D (R), we found that
only two candidate genes (Tel7E01T1020600.1
and Tel7E01T1021800.1) were expressed in a
manner specific to the 7E2 genome (the resist-
ant parent) and E reference genome [which
also confers FHB resistance (12, 22)] (Fig. 1C
and tables S18 and S19). BAC clones contain-
ing Tel7E01T1020600.1 were identified from
the resistant donor line and new markers
(XsdauK86 and XsdauK87) derived from the
BAC ends were developed to screen recombi-
nants among 5760 progeny of the segrega-
tion population harboring the CS phlbphlb
locus (Fig. 1C, fig. S14, and table S20). Anal-
ysis of phenotypic data of the three key
recombinants verified that Fhb7 is located
between the XsdauK86 and XsdauK88 mark-
ers, thereby delineating this locus to a 245-Kb
region containing a single expressed gene:
Tel7E01T1020600.1 (Fig. 1C). This gene is
present in the E reference genome and 7E2
genome but absent in the susceptible 7E1
genome based on analysis of genomics and
transcriptomics data (table S19 and table S21).

Gene expression analysis using quantitative
PCR indicated that Tel7ZE01T1020600.1 was
constitutively expressed in all tissues examined,
including root, leaf, shoot, and spike (fig. S16).
Moreover, barley stripe mosaic virus (BSMV)-
induced gene silencing of Tel7E01T1020600.1
in wheat leaves revealed that it conferred
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Fig. 1. Genome evolution of Th. elongatum and cloning of Fhb7. (A) Maximum
likelihood phylogenetic tree of the genomes of Triticeae species and the Ks
distributions of ortholog genes between the E genome and the wheat Chinese
Spring A, B, and D subgenomes. mya, million years ago. (B) Syntenic blocks
between the E genome and the three wheat subgenomes. The representative
inversion fragment is indicated in green; chromosomal translocations for the wheat
A subgenome compared with the E genome are also indicated in blue. (C) Map-
based cloning of Fhb7 at the distal region of chromosome 7E. Using the BCgF,
population derived from the cross between two wheat-Thinopyrum substitution lines,
7E1/7D and 7E2/7D, Fhb7 was initially mapped to an interval between the markers
XsdauK79 and XsdauK80 (~1.2 Mb on the E reference genome) (second bar from
the top). The expressed genes are labeled as follows: gray refers to no expression in
the E reference genome; blue refers to E reference genome-specific expression;

orange refers to expression in the E reference, 7E1 and 7E2 genomes; red refers
to expression in FHB-resistant donor genomes of 7E2 and E reference (third bar
from the top). BAC clones containing Tel7E01T1020600.1 were identified from

the substitution line 7E2/7D, based on which genetic markers (Xsdauk86

and XsdauK87) were developed for recombinant screening of the CS phlbphlb
population. Finally, Fhb7 was genetically confirmed within a 245-kb region between
markers XsdauK86 and XsdauK&8, with only the candidate gene Tel7E01T1020600.1
encoding a GST [CDS is shown in red; untranslated region is shown in gray]
(fourth bar from the top). (D) FHB was evaluated for wild-type (WT, KN199) and
transgenic wheat KN199 expressing the native promoter and the 846-bp open
reading frame of Fhb7. T3 plants containing Fhb7 from three different lines were
evaluated for FHB resistance using single floret inoculation (35). The FHB was scored
for at least five spikes per repeat, with at least three repeats for each transgenic line.

resistance to F. graminearum, supporting that
this gene represents Fhb7 (fig. S17). Sequence
analysis of 22 ethyl methanesulfonate (EMS)-
induced mutants identified five amino acids
that were implicated in Fhb7's FHB resistance-
related function: S34F, T48I, A98V, A9V, and
P106L (fig. S18 and data S2). Moreover, two
stop-gain mutations at position 209 or 243 led
to reduced resistance to F. graminearum (fig.
S18 and data S2). To confirm Tel7E01T1020600.1
as Fhb7, we transgenically introduced a con-
struct with the native promoter and the
84.6-base pair (bp) coding sequence of this
gene into the FHB-disease-susceptible wheat
cultivar KN199 and assessed three indepen-
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dent Ts-transgenic plants. The Fusarium-
inoculated transgenic plants exhibited lower
FHB symptom with substantially fewer dis-
eased spikelets per spike than the control
(Fig. 1D).

Evolutionary history and molecular function
of Fhb7

Protein domain-based functional annotation
predicted that Fhb7 likely encodes a GST en-
zyme. A BLAST search of the Fhd7 sequence
against the National Center for Biotechnology
Information (INCBI) GenBank database (23) did
not find any homolog of Fhb7 in the Triticum
genus or in the entire plant kingdom. How-
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ever, there is a homolog sharing 97% identity
in the genome of E. aotearoae (Fig. 2A and fig.
S19). A phylogenetic analysis of the Fhb7 se-
quence revealed its distribution among Epichloé
species, endophytic fungi of temperate grasses
(Fig. 2A). Thus, the occurrence of the Fhb7 gene
in the Th. elongatum genome might be caused
by fungus-to-plant HGT (FP-HGT) event. Be-
cause the Fhd7 locus is present both in the
diploid E genome of Th. elongatum and in
7E2 from decaploid Th. ponticum, this FP-HGT
event apparently occurred after the divergence
of the E genome from Triticum sp. but before
the formation of the decaploid Th. ponticum
(Fig. 2A).
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Fig. 2. Fhb7 confers FHB resistance by detoxifying DON. (A) Maximum
likelihood phylogenetic tree of the closest homologs of Fhb7 from plants and fungi.
The DNA sequence similarity with Fhb7 is marked in red. (B) Horizontal gene transfer
of Fhb7. The transcripts CDS (purple), and possible untranslated regions (yellow)
of Fhb7 are shown along chromosome 7E, and the sequence sharing high similarity
with the E. aotearoae genome is presented as a gray block. The genomic fragment
(897 bp) containing full CDS and partial untranslated region of Fhb7 showed

97% identity between the two genomes. (C) DON tolerance of Fhb7-transgenic
wheat. Seedlings (4 days old) were moved to a petri dish containing 25 mg L™ DON
and seedling length was evaluated 7 d after the DON treatment at room temperature.
(D) Extracted ion chromatograms (EICs) at m/z 604.2173 revealing the presence
of two DON-glutathione adducts. The Fhb7 NIL, Fhb7-transgenic wheat, and

The horizontal transfer of the Fhb7 sequence
did not occur as a part of a gene cluster (pre-
suming that it is from E. aotearoae as the
donor genome; this is the species harboring
the closest identified homolog of Fhb7) (fig.
520). On the basis of sequence similarity, the
sequence was transferred into the diploid E
genome as a short fragment, including the
846-bp coding sequence for Fhb7, a 32-bp
sequence before the start codon, and a 19-bp
sequence after the stop codon (Fig. 2B). At the
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Time (min)

position 535 bp upstream of Fhb7’s start codon
in the E genome, another 90-bp sequence shows
high identity to a sequence in E. aotearoae (Fig,.
2B), suggesting the possibility that a larger se-
quence was initially transferred to Th. elongatum
but late mutations occurred in the transferred
sequence. The insertion of the Epichloé genome
fragment in the E genome was also identified
in a BAC clone harboring Fhb7 (Fig. 1C and data
S3), confirming that the sequence is not an
artifact from the genome assembly process.
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Fhb7-transgenic yeast (P. pastoris) cultures were treated with 25 mg L™ DON for
24 hours. A product that elutes at 1.68 min accumulated in Fhb7(+) samples

and a known, nonenzymatically produced DON-glutathione adduct product that
elutes at 2.4 min accumulated in the corresponding Fhb7(=) control samples.

(E) Relative abundances of the de-epoxidated Fhb7-catalyzed DON-glutathione
(green) adduct and the known nonenzymatic DON-glutathione adduct (blue) in
spikes of Fusarium-challenged NIL plants contrasting in Fhb/. After inoculation of
F. graminearum on spike glumes, the Fhb7(+) NIL accumulated a copious amount of
de-epoxidated DON-glutathione adduct. By contrast, the DON substrate reduced
the accumulation in Fhb7(+) NIL compared with that in Fhb7(=) NIL, as shown in the
bottom bar chart. (F) Molecular structure of the de-epoxidated DON-glutathione
adduct catalyzed by Fhb7.

Phylogenetic analysis of the GST superfamily
showed that Fhd7 belongs to the fungal GTE
(glutathione transferase etherase-related)
subfamily (fig. S21 and tables S22 and S23),
wherein all members contain a LigE domain, but
none of which has been functionally charac-
terized to date (24). The Fhb7 gene is conserved
in Epichloé species and in multiple Thinopyrum
species, emphasizing its role in protecting
organisms from the cytotoxic damage caused
by Fusarium species (Fig. 2A and fig. S20).
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Gene expression analysis in a time course of
Fusarium infection in Th. elongatum and the
7E2/7D substitution line (table S18) showed
that the transcription levels of Fhb7 were in-
duced at 48 hours after infection (fig. S22).

Research in plant pathology about the pro-
gression of F. graminearum infection in wheat
has established that the fungus starts to pro-
duce its DON mycotoxin, an inhibitor of protein
synthesis that targets ribosomal machinery,
by the 48-hour infection time point (25). We
therefore conducted DON assays on wheat
seedlings of the 7E2/7D substitution line. The
results showed that the expression of Fhb7
can be induced within 6 hours after DON
treatment (fig. S22), suggesting that this pu-
tative GST enzyme may have a role in xeno-
biotic detoxification. To test this hypothesis,
we conducted a growth inhibition assay by
growing Fhb7 near-isogenic lines (NILs) and
Fhb7-transgenic wheat seedlings in media con-
taining DON and found that the plants with
Fhb7 grew better (assessed as seedling length)
than the plants without Fhb7 (Fig. 2C and fig.
S23). We also expressed Fhb7 in yeast to test its
growth on DON-containing media and found
that both the Fab7(+) and Fhb7(-) yeasts grew
well in the absence of DON; however, only the
Fhb7(+) yeast grew normally on the media
containing 400 mg L™ DON (fig. S24).

Further evidence for the involvement of Fhd7
in detoxification was demonstrated by its di-
rect use of DON as a substrate. We treated the
seedlings of NILs, Fhb7-transgenic wheat, and
Fhb7-expressing yeast cultures with DON, and
found that the presence of Fhb7 in wheat
and yeast caused accumulation of a chromato-
graphic peak at 1.68 min, but the accumula-
tion was not detected in the corresponding
control samples without Fhb7 (Fig. 2D). This
peak had a mass/charge (m/2) value of 604.2173
(+ 3 ppm) under positive ion mode, which is
equal to the value for the molecule comprising
DON (296.1259), a glutathione group (307.0838),
and a hydrogen atom (1.0078), therefore suggest-
ing that Fhd7 confers GST activity to form a
glutathione adduct of DON (DON-GSH) (Fig. 2D
and fig. S25).

Previous studies on FHB- and DON-associated
chemistry (26, 27) using nuclear magnetic reso-
nance spectroscopy confirmed the nonenzy-
matic formation of a DON-GSH adduct that
was formed through a reaction with the double
bond at C10 on DON’s first planar ring. This
product was mainly detected in the DON-
treated Fhb7(-) yeast cultures and Fhb7(-)
wheat samples with the peak at 2.4 min (Fig.
2D and fig. S25). Although the two detected
DON-GSH isomers had identical m/z values,
tandem mass spectrometry with collision-
induced dissociation experiments unequivocally
supported that the Fhb7(+) samples produce
a de-epoxidated DON-GSH adduct (figs. S25
to S28); that is, the GSH group added by Fhb7
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is attached to the C13 carbon, which disrupts
the epoxy group known to be critical in DON’s
toxicity (Fig. 2F) (28). Further, we used liquid
chromatography-high-resolution mass spec-
trometry (LC-HRMS) to profile DON-treated
spikes from 37 diverse wheat germplasm ac-
cessions and cultivars without Fhb7. We de-
tected the DON-GSH (C10) peak at 2.4 min
in all of these plants but did not detect the
1.68-min de-epoxidated DON-GSH (C13) adduct
in any of them (fig. S29).

Fusarium species produce a series of tri-
chothecene mycotoxins, including DON, 3-
ADON, 15-ADON, T-2, HT-2, fusarenon-X, NIV,
diacetoxyscirpenol, and others, the distribution
of which varies among Fusarium chemotypes
(24, 26). Considering the common occurrence
of epoxy groups in these trichothecene com-
pounds, we hypothesized that Fhb7 may be
able to detoxify trichothecenes other than DON.
Indeed, LC-HRMS analysis of trichothecene-
treated wheat samples revealed the presence
of GSH adducts for all the trichothecenes that
we tested in this study (figs. S30 to S37). In
light of Fhb7’s wide catalytic spectrum for these
mycotoxins, we investigated whether it can
confer resistance to other Fusarium chemo-
types, including F. pseudograminearum for
crown rot and F. asiaticum, a predominant
FHB-causing strain in south China. Assays
using detached wheat leaves showed that the
Fhb7-transgenic plants exhibited smaller lesions
than wild-type plants for all the tested Fusarium
species (fig. S38). F. pseudograminearum was
also inoculated on the base of wheat seedlings,
and the results confirmed that the transgenic
plants also exhibit improved crown rot resist-
ance compared with the nontransgenic controls
(fig. S39). These results further demonstrate
how Th. elongatum benefits from Fhb7 through
the FP-HGT event, which protects plants from
Fusarium-caused cytotoxic damage by detox-
ifying trichothecene through de-epoxidation
(fig. S20).

Application of Fhb7 in Fusarium resistance
breeding

Considering Fhb7s functionality, specifically
in the enzymatic conversion of trichothecenes,
we speculated that incorporating the Fhb7 locus
into wheat may confer resistance in different
genetic backgrounds without affecting yield
traits. Indeed, the translocation of a short frag-
ment [with ~16% of the 7E long arm (73)] on
wheat 7D resulted in wheat lines with broad
resistance to both FHB and crown rot (Fig. 3, A
to C). Detailed characterization of NILs (L.X99
background) in field conditions showed no
significant difference in agronomic yield traits
(e.g., thousand grain weight, flag leaf length,
etc.; Fig. 3, D and E). Obvious yield penalty
caused by Fhb7 resistance was also not detected
when it was transferred into seven additional
genetic backgrounds (Fig. 3F and fig. S40).
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These results demonstrated the advantages
of Fhb7-mediated resistance over other QTLs,
including high resistance to both FHB and
crown rot and detoxifying DON without yield
penalty, and thus highlighted the potential
utility of the Fhbd7locus in future wheat breed-
ing for improved FHB resistance and good
yield traits.

Discussion

Fusarium diseases are economically impactful
because of their effects on the production of
cereal crops. In this study, the successful cloning
of Fhb7 from the Triticeae E genome and char-
acterization of its molecular mechanism ad-
vances the knowledge on the essential role of
trichothecenes in the pathogenesis of Fusarium.
‘We have demonstrated that Fhbd7 confers FHB
resistance in diverse wheat genetic backgrounds
without yield penalty and Fhb7 is able to bio-
chemically detoxify trichothecene mycotoxins
produced by multiple Fusarium species, which
highlights the value of Fhb7 in combating FHB
and reducing DON contamination in wheat and
other cereal crops through breeding.

The epoxides at the C12/13 of trichothecene
mycotoxins are the key contributors to their
toxicity. However, to date, genes or proteins
with de-epoxidation function have not been
identified (3). Fusarium species can reduce
DON toxicity by adding an acetyl group on
the hydroxyl group at C3 and C15, forming
3-ADON and 15-ADON, respectively; however,
the reduction of cytotoxicity for these DON
derivatives is modest in plant cells (3). In
planta, glucosylation at C3 has been docu-
mented to detoxify DON by forming DON-
3-glucoside (D3G), which is reversible in
animals, causing release of DON during di-
gestion (29). Here, beyond our identification
of an FHB resistance gene, the broad detoxifi-
cation spectrum of Fhb?7 through de-epoxidation
of trichothecenes suggests the potential utility
of the GST enzyme in the biomedicine, feed,
and food industries in addition to reducing
DON content in wheat grain.

HGT, the transfer of genes between non-
mating species, is thought to occur frequently
in prokaryotes, but much less so in eukaryotes
(30). There is accumulating evidence illustrat-
ing instances of HGT events involving bacteria
or the organellar genomes of another plant as
donor (31). For instance, two Agrobacterium
genes were found to be inserted in the genome
(with transfer DNA borders) of a cultivated
sweet potato [/pomoea batatas (L.) Lam.], re-
vealing a naturally occurring transgenic food
crop (32). However, there is little evidence for
HGT events involving nuclear DNA trans-
mission from fungi or other eukaryotes, and
such transmission has been thought to be in-
significant (33). Fundamentally, our results
highlight the roles that FP-HGT has had in
shaping plant genomes, which advances the
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Fig. 3. Application prospects for Fhb7 in wheat resistance breeding. (A) Genomic
in situ hybridization analysis (left panel) showing a translocation of the distal
region of 7E (containing Fhb7) from an E genome donor into wheat. Scale bar,
20 um. Also shown are images of Fusarium-infected spikes (middle panel)
and crown rot (right panel) of LX99 NiLs contrasting in Fhb7. (B) FHB resistance of
Fhb7 in eight different wheat genetic backgrounds evaluated at 21 d after inoculation
in field conditions. (C) Crown rot phenotypes were recorded as the death ratio
after growth in soil containing F. pseudograminearum at 30 days postinfection.

knowledge on disease resistance gene evolu-
tion and opens a new avenue for the identi-
fication of plant resistance genes.

The endophytic Neotyphodium and Epichloé
fungi often form mutualistic symbiotic asso-
ciations with forage grasses and offer hosts
bioprotective benefits against pathogens and
abiotic stresses, presumably owing to the
fungus-mediated anabolism and catabolism
of various natural product compounds (34).
Here, we showed that the GST encoded by
Fhb7is conserved in Epichloé species and is
able to detoxify the trichothecene mycotoxins
secreted by Fusarium species. Thus, transfer
of this fungal gene into a plant genome could
be beneficial to plants, perhaps even eliminat-
ing the need for the symbiotic association per
se. The finding of Fhb7-mediated resistance to
both FHB and crown rot diseases further em-
phasizes the importance of this HGT in ben-
efiting the perennial 7h. elongatum, which is

Wang et al., Science 368, eaba5435 (2020)

perhaps reflected by constitutive expression
of Fhb7in all examined tissues. However, the
molecular machinery that enabled the FP-HGT
of Fhb7 and the nature of the promoter evo-
lution underlying the expression of Fhd7 re-
main to be elucidated.

Methods summary

The Th. elongatum genome was first sequenced
by Illumina short-read sequencing and was
de novo assembled using the software pack-
age DeNovoMAGICTMS3.0. PacBio SMRT long
reads were used to fill the gaps in the assem-
bly and Bionano optical maps were then used
to correct and extend the scaffold sequences.
The assembly was anchored into seven pseudo-
chromosomes using Hi-C data. The assembly
was validated using independent BAC se-
quences, genetic maps of related species, and
commonly used software programs. Genes,
repetitive DNA, and other genomic features

22 May 2020

(D) Field plant photographs of two Fhb7(+) NILs and one Fhb7(=) NIL in the LX99
background. (E) Comparison of the yield traits among the two Fhb7(+) NILs and
one Fhb7(=) NIL in the LX99 background evaluated in the 2017 field experiment.
FLL, flag leaf length (cm); FLW, flag leaf width (cm); SL, spike length (cm); KPS,
kernels per spike; IS, infertile spikelets; GL, grain length (mm); GW, grain width
(mm); TGW, thousand grain weight (g). (F) Comparison of the grain yield among
eight Fhb7 translocation lines in different wheat genetic backgrounds. The grain yield
was measured from a 1-m? plot in the 2017 and 2018 field experiments.

in the assembly were annotated to reveal the
landscape of the species and to examine their
relationship with wheat and other related spe-
cies by in-depth comparative analyses. Genetic
markers in the Fhb7 region were developed
by means of the reference genome sequence
and used to screen recombinants for fine map-
ping to identify the Fhb7 candidate gene. The
candidate gene was functionally validated
by virus-induced gene silencing, EMS-induced
mutation, and transgenic approaches. FHB
resistance was evaluated by inoculation of
Fusarium conidial suspensions on wheat
spikes, leaves, or crowns. LC-HRMS(/MS) anal-
ysis was used to infer the biochemical structure
of trichothecene-glutathione adducts catalyzed
by Fhb7. Fhb7 was introgressed into diverse
wheat backgrounds using distant hybridization
and conventional breeding, and the presence
of alien chromatin in wheat was validated by
genomic in situ hybridization.
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Transcriptomic changes in Nicotiana benthamiana plants
inoculated with the wild-type or an attenuated mutant of

Tobacco vein banding mosaic virus
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SUMMARY

Tobacco vein banding mosaic virus (TVBMV) is a potyvirus which
mainly infects solanaceous crops. The helper component protein-
ase (HCpro) of a potyvirus is an RNA silencing suppressor protein
and determines the severity of disease symptoms caused by dif-
ferent potyviruses, including TVBMV. It has been shown that sub-
stitution mutations introduced into the HCpro open reading
frame (ORF) in a TVBMV infectious clone result in changes of
Aspigg to Lys or lleys-Glngsq to Asp-Glu (Asp, aspartic acid; Gin,
glutamine; Glu, glutamic acid; lle, isoleucine). These amino acid
changes eliminate the RNA silencing suppression activity of the
mutant HCpro (HCm) and attenuate the disease symptoms
caused by the mutant TVBMV (T-HCmy} in Nicotiana benthamiana
plants. Here, we used RNA-sequencing technology to compare
gene expression in plants inoculated with the wild-type TVBMV
(T-WT} with that in plants inoculated with T-HCm at 1, 2 and 10
days post-agroinfiltration (dpai). At 1 and 2 dpai, N. benthami-
ana genes related to the translation machinery were up-
requlated, whereas genes related to lipid biosynthesis and
metabolism or to responses to extracellular/external stimuli were
down-regulated in leaves inoculated with T-WT or T-HCm. At 10
dpai, T-WT infection repressed photosynthesis-related genes. T-
WT and T-HCm infections differentially perturbed the genes
involved in the RNA silencing pathway. The salicylic acid and eth-
ylene signalling pathways were induced, but the jasmonic acid
signalling pathway was repressed after T-WT infection. Infections
of TWT and T-HCm also differentially regulated the genes
involved in auxin signalling transduction, which is known to
associate with the stunting phenotypes caused by TVBMV. These
results illustrate the dynamic nature of TVBMV infection in A.
benthamiana at the transcriptomic level.

Keywords: attenuated mutant virus, Potyvirus, RNA-seq,
Tobacco vein banding mosaic virus, transcriptomics.
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INTRODUCTION

Viruses in the genus Potyvirus (family Potyviridae) account for
approximately 30% of the known plant viruses, and cause great
economic losses to agricultural production worldwide (Fauquet
et al, 2005). The potyvirus genome is a positive-sense, single-
stranded RNA of approximately 10 kb in length. It contains two
open reading frames (ORFs) that encode a large and a shorter pol-
yprotein, respectively. The two polyproteins are then processed
into 11 mature proteins by three viral-encoded proteinases (Chung
et al., 2008; Fauquet et af, 2005; Geng et af.,, 2015; Olspert et af.,
2015; Riechmann et af, 1992; Vijayapalani et af, 2012). From the
N-terminus of the polyprotein, the 11 mature proteins are desig-
nated as the P1, helper component proteinase (HCpro), P3,
P3N-PIPO, 6K1, cylindrical inclusion (Cl}, 6K2, viral genome-linked
protein (VPg) of the nuclear inclusion protein a (Nla), proteinase
domain of the Nla (Nla-Pro), nuclear inclusion protein b (NIb} and
coat protein (CP), respectively.

RNA silencing is an adaptive antiviral defence process (Ding,
2010; Ding and Voinnet, 2007). To counteract this antiviral
defence, plant viruses have evolved to produce various suppres-
sors of RNA silencing (VRSs) (Burgyan and Havelda, 2011).
Potyvirus-encoded HCpro is a well-studied VRS and is a multifunc-
tional protein necessary for aphid transmission, virus movement,
replication, symptom development and suppression of RNA silenc-
ing (Diaz-Pendén and Ding, 2008; Hasidw-laroszewska et al,
2014; Maia et al., 1996). Specific mutations in VRSs can attenuate
the symptoms induced by plant viruses. For example, a change in
cysteine (Cys) to tyrosine (Tyr} at the amino acid position 348 in
the Tobacco mosaic virus 130-kDa protein results in an attenuated
phenotype in infected plants and a reduction in RNA silencing
suppression activity of this protein (Nishiguchi and Kobayashi,
2011). Similarly, substitutions of amino acids in the 2b protein of
Cucumber mosaic virus (Dong et al, 2016; Nishiguchi and Kobayashi,
2011) or in the HCpro of Clover yellow vein virus or Zucchini yel-
fow mosaic virus also result in symptom attenuations and reduc-
tion in RNA silencing suppression activities (Lin et af, 2007;
Shiboleth et af, 2007). Compared with our knowledge of the
attenuated viral pathogenicity and RNA silencing suppression

1175



INTERNATIONAL JOURNAL OF AGRICULTURE & BIOLOGY
ISSN Print: 1560-8530; ISSN Online: 1814-9596
18-0611/2019/21-2-282-288

DOI: 10.17957/1TAB/15.0892

http://www fspublishers.org

ull Length Articld

Isolation and Identification of Four Novel Biocontrol Bacillus Strains
against Wheat Sharp Eyespot and their Growth-Promoting Effect on
Wheat Seedling

Peng Ji, Weiguang Li, Yuxin Zheng, Zhaohui Wang, Qixin Huo, Chengyao Hua and Chao Han"

Shandong Key Laboratory for Agricultural Microbiology, College of Plant Protection, Shandong Agricultural University,
Tai’an, Shandong 271018, China

“For carrespondence: hanch87@163.com

Abstract

Natural resistance of wheat plant to sharp eyespot disease is inadequate and new strategies are urgent desired to control this
serious soil-bome disease. Biological control is an alternative and attractive approach to effectively reduce the utilization of
chemicals in agriculture. In this study, four biocontrol bacterial strains exhibited strong antagonistic activities against
Rhizoctonia cerealis were isolated from rhizosphere soil of infected wheat via a dual culture method. The strains of TA2S,
TA31, Z-5 and Z-7 were identified as Bacillus methylotrophicus, B. subtilis, B. amyloliquefaciens and B. tequilensis,
respectively, according to morphological, physiological and biochemical characterizations and 16S rRNA gene sequencing.
The feasible mechanism of impeding mycelial growth for these Bacillus strains was irregularly swollen-tipped and increasing
compartment in hypha. The antifungal spectrum indicated that these four strains conferred significant antagonistic effects
against many soil-borne pathogenic fungi, including Fusarium oxysporum, Pythium aphanidermatum and Phytophthora sojae.
In addition, the bacterium suspension of each strain could actively promote wheat seedling growth. Therefore, the present
work provides some new insights on potential candidates for biological control of wheat sharp eyespot and other common

soil-borne plant diseases. © 2019 Friends Science Publishers

Keyword: Antagonistic experiment; Bacillus spp.; Biological control; Wheat sharp eyespot

Introduction

Wheat sharp eyespot, caused by Rhizoctonia cerealis
anastomosis group D subgroup I (AG-DI), is a serious
wheat stem-base disease in temperate regions worldwide
(L1 et al, 2017). In infection process, the pathogenic
fungus destructs stem and sheath of wheat plant,
triggering to block the transportation of nutrients
required for the wheat growth (Zhu et al, 2015).
Actually, sharp eyespot has been considered as one of
the most economically important wheat diseases in
China and exceeded approximately an annual loss of
million ha in wheat production (Rong et al., 2016).

The main control strategy against R. cerealis, in
general, is fungicide seed coating and spraying at early
jointing stage (Chen et al, 2013). Unfortunately, the
undesirable environmental and ecological consequences of
increasing fungicide residues have seriously challenged the
utilization of chemical agents in agriculture (Talhinhas et al.,
2018). Moreover, although cultivars resistant to sharp
eyespot can be used to prevent this disease, few wheat
cultivars possess moderate resistance and highly resistant
cultivars are rare (Wu et al, 2017). Therefore, an

environmental-friendly approach has been desired to
efficiently control this wildscale soil-borne disease.
Recently, more attention has been drawn to the
biological control, which plays an important role in reducing
potential environmental and health risks of chemical
fungicides and provides an option for combating with soil-
borne disease pathogens in crop (Postma et al, 2003;
Compant et al, 2005). Thus, it is essential to explore
biocontrol agents with high efficiency. Beneficial bacteria
are capable of antagonizing pathogens by producing
extracellular  antifungal compounds and indirectly
stimulating the self-defense system of host plants (Beneduzi
et al., 2012; Guardado-Valdivia et al., 2018). The Bacillus
species serve as one of the most realized biocontrol agents
on account of a series of connected modes of action and
formation of compression resistance with their superior
survival ability at different environmental conditions
(Setlow, 2014). This favorable feature contributing to
antifungal activity is the secretion of active secondary
metabolites, including low molecular weight volatile
compounds and antibiotics (Manns et al., 2012; Wang et al.,
2014a; Wu et al, 2015). Additionally, as an important
genus, Bacillus strains are able to produce multiple

To cite this paper: Ji, P., W.Li, Y. Zheng, Z. Wang, Q. Huo, C. Hua and C. Han, 2019. Isolation and identification of four novel biocontrol Bacifius strains
against wheat sharp eyespot and their growth-promoting effect on wheat seedling. Jntl. J. Agric. Biol., 21: 282-288
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Abstract

Enzymatic hydrolysis is considered an efficient and environmental strategy for the degradation of organic waste materials.
Compared to mesophilic cellulases, thermostable cellulases with considerable activity are more advantageous in waste paper
hydrolysis, particularly in terms of their participation in synergistic action. In this study, the synergistic effect of two differ-
ent types of thermostable Chaetomium thermophilum cellulases, the endoglucanase CTendo45 and the cellobiohydrolase
CtCel6, on five common kinds of waste papers was investigated. CtCel6 significantly enhanced the bioconversion process,
and CTendo45 synergistically increased the degradation, with a maximum degree of synergistic effect of 1.67 when the
mass ratio of CTendo45/CtCel6 was 5:3. The synergistic degradation products of each paper material were also determined.
Additionally, the activities of CTendo45 and CtCel6 were found to be insensitive to various metals at 2 mM and 10 mM
ion concentrations. This study gives an initial insight into a satisfactory synergistic effect of C. thermophilum thermostable
cellulases for the hydrolysis of different paper materials, which provides a potential combination of enzymes for industrial
applications, including environmentally friendly waste management and cellulosic ethanol production.

Keywords Chaetomium thermophilum - Thermostable cellulase - Synergistic reaction - Waste paper - Biodegradation -
Metal ion-insensitivity

Introduction

Waste paper, which is the major portion of solid waste, is
generated in large volumes by humans worldwide. Although
direct disposal of such wastes to soil is the most common
traditional management, it has a negative effect on the envi-
ronment in that dangerous gases are released [1, 2]. Paper
recycling affords an effective approach to reduce the envi-
ronmental impact [3], and it has also been demonstrated that
paper recycling increases sustainability in raw material use
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article (https://doi.org/10.1007/512033-017-0043-6) contains
supplementary material, which is available to authorized users.
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Agricultural University, Taian 271018, Shandong, China

and has a positive economic effect [4, 5]. In contrast, it is
undeniable that the harmful chemical substances would be
accumulated in paper recycling process, for example, the
migration of chemicals from packaging materials into food-
stuffs would adversely affect human health [6, 7]. As a con-
sequence, the development of innovative waste management
solution seems highly attractive.

Paper is made of connected cellulose fibers, which can be
biodegraded into glucose. Thus, as a safe and environmen-
tally friendly alternative, enzymatic degradation of waste
papers has attracted considerable attention because it can
greatly reduce the amount of biomaterial waste [8]. Fur-
thermore, the conversion of paper materials into biological
products is a potential biotechnology procedure to reduce
the demand for fossil fuels [9]. More than 80 billion lit-
ers of cellulosic bioethanol are generated from waste paper
worldwide each year, which could effectively replace gaso-
line consumption and reduce greenhouse gas emissions [10].

Although the metabolic process of cellulolytic microor-
ganisms contributes to paper biodeterioration [11], the pre-
dominant biochemical mechanism is enzymatic degradation

@ Springer
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Engineering the conserved
and noncatalytic residues of a

thermostable 3-1,4-endoglucanase
to improve specific activity and
thermostability

Xiutao Chen, Weiguang Li, Peng Ji, Yang Zhao, Chengyao Hua & Chao Han

Endoglucanases are increasingly applied in agricultural and industrial applications as a key biocatalyst

¢ forcellulose biodegradation. However, the low performance in extreme conditions seriously challenges
¢ the enzyme’s commercial utilization. To obtain endoglucanases with substantially improved activity

: and thermostability, structure-based rational design was carried out based on the Chaetomivm

: thermophilumB-1,4-endoglucanase CTendo45. In this study, five mutant enzymes were constructed

by substitution of conserved and noncatalytic residues using site-directed mutagenesis. Mutants were

¢ constitutively expressed in Pichia pastoris, purified, and ultimately tested for enzymatic characteristics.
: Twosingle mutants, Y30F and Y173F, increased the enzyme’s specific activity 1.35- and 1.87-fold using
: carboxymethylcellulose sodium (CMC-Na) as a substrate, respectively. Furthermore, CTendo45 and

mutants exhibited higher activity towards (3-D-glucan than that of CMC-Na, and activities of Y173F

: and Y30F were also increased obviously against 3-D-glucan. In addition, Y173F significantly improved

: the enzyme’s heat resistance at 80°C and 90 °C. More interestingly, the double mutantY30F/Y173F

: obtained considerably higher stability at elevated temperatures but failed to inherit the increased

. catalytic efficiency of its single mutant counterparts. This work gives an initial insight into the biological
: function of conserved and noncatalytic residues of thermostable endoglucanases and proposes a

: feasible path for the improvement of enzyme redesign proposals.

Cellulose, the most abundant renewable carbon resource on earth, is generally considered a sustainable feedstock
: to replace fossil fuels for biochemical and biotechnological production’. As a strategy for cellulose utilization,
¢ enzymatic hydrolysis has been widely applied for practical applications®~*. Endoglucanase (EC 3.2.1.4), which
: randomly hydrolyses f-1,4-glucosidic bonds in amorphous regions of cellulose chains to catalyse the initial attack
. onthe biopolymer, is a major catalyst for cellulose biodegradation®’.

The high cost of preparation and low performance in extreme reaction conditions have been perceived as

¢ major bottlenecks to industrial applications®-'. One effective approach to reduce enzyme-related costs is to
: enhance enzyme performance!!. Thus, recent developments in enzyme production focus on the improvement of
. hydrolysis efficiency and specific tolerability, allowing the production of cheaper and stronger enzymes for indus-
: trial use'?. Rational protein engineering is an efficient genetic approach to optimize properties through structural
. analysis and functional prediction!>'%. Recently, more attention has been drawn to the underlying function of
: important residues, along with practicality of modifying conserved noncatalytic residues'*-'7, to generate mutant
: enzymes with improved properties and to help elucidate structure-function relationships'®.

Generally, thermostable enzymes have excellent tolerance to various harsh conditions, including high salt con-

© centrations and extreme pHs!*%". More importantly, in order to profoundly improve hydrolysis efficiency at high
: temperatures while simultaneously reducing microbial contamination in reaction processes, it is important for
: enzymes to be both thermoactive and thermostable?!?2. Therefore, thermostable endoglucanases with excellent
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thermophilum and its biodegradation of pectin
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A novel thermostable endoglucanase (CTendo45) encoding gene was cloned from Chaetomium thermophilum and
heterologously expressed in Pichia pastoris. Sequence alignment indicated that the CTendo45 enzyme belonged to
glycoside hydrolase family 45. The recombinant enzyme was purified by Ni?* affinity chromatography, and its apparent
molecular mass was estimated to be 32 kDa by SDS-PAGE. The purified enzyme displayed maximum activity at 70°C and
pH 4. CTendo45 was stable at 60°C for 1 h, and residual activities of 78.9% and 65.6% were estimated after 1 h at 70°C and
80°C, respectively. Ca?*, Zn?*, Mg?*, Cu?* and Mn?* were found to have beneficial effects on the enzyme activity to
different degrees. The specific activity of purified CTendo45 was 1.52 IU mg ™" and the K, value was 59.6 g m1~! with a
sodium carboxymethyl cellulose substrate. Moreover, CTendo45 exhibited high hydrolysis activity towards pectin, and
the hydrolysis products were mainly galacturonic acid oligosaccharides. CTendo45 is the first reported bifunctional
enzyme in glycoside hydrolase family 45 from C. thermophilum that is able to hydrolyze both cellulose and pectin. The
biochemical properties of this recombinant CTendo45 make it a potentially effective glycoside hydrolase for industrial

applications.

© 2017, The Society for Biotechnology, Japan. All rights reserved.

[Key words: Glycoside hydrolase family 45; Endoglucanase; Heterologous expression; Thermostability; Bifunctional enzyme)|

Cellulose is regarded as the most abundant renewable carbon
resource on the planet. Endoglucanases (EC 3.2.1.4) are responsible
for the endohydrolysis of 3-1,4-glucosidic linkages in cellulose. For
this reason, endoglucanases have attracted extensive attention in
recent years, particularly in biotechnological and industrial appli-
cations, such as in the ethanol biorefinery and the feed industries
(1). According to the classification of the carbohydrate-active en-
zymes database (CAZy), endoglucanases are assigned to 14 glyco-
side hydrolase (GH) families: GH5-GH10, GH12, GH26, GH44,
GH45, GH48, GH51, GH74, and GH124 (2). GH45 endoglucanases, in
particular, have attracted attention due to their low molecular
weights and high activities. These properties make GH45 family
enzymes important in many specialized bioindustrial applications.
All of the members of the GH45 family are reported to be endo-
glucanases in CAZy, with no other hydrolytic activities. Most of the
GH45 endoglucanases identified to date originate from fungal
sources. At present, only five crystal structures of GH45 endoglu-
canases are available from different organisms: Humicola grisea var.
thermoidea (PDB: 1HD5), Humicola insolens DSM 1800 (PDB: 3ENG)
(3,4), Melanocarpus albomyces (PDB: 10A7) (5), Mytilus edulis (PDB:
1WC2) and Phanerochaete chrysosporium K-3 (PDB: 3X2G) (6).

Chaetomium thermophilum, a thermophilic fungus of the phylum
Ascomycota, has been used to identify novel glycoside hydrolases.
In the past few decades, many enzymes from C. thermophilum have
been characterized and commercialized, in particular, thermostable
glycoside hydrolases. Generally, significant thermal stability at high

* Corresponding author. Tel.: +86 538 8241664, fax: 186 538 8226399.
E-mail address: hanch87@163.com (C. Han).

temperatures is an important requirement for a commercial
cellulase because thermostable enzymes can effectively improve
the hydrolysis efficiency and reduce possible contamination in in-
dustrial processes (7). To satisfy the demand for thermostable
enzyme production, heterologous expression has become the
principal method in the enzyme preparation industry (8). Many
enzymes from C thermophilum have been heterologously
expressed, such as a GH55 B-1,3-glucanase (9), a manganese su-
peroxide dismutase (MnSOD) (10) and a GH6 cellobiohydrolase
(11). However, although there are significant glycoside hydrolases
in thermophilic C. thermophilum, GH45 endoglucanases have not
been reported to date. In this study, a novel GH45 endoglucanase,
CTendo45, was isolated and characterized. This is the first report
that shows that a GH45 endoglucanase from C. thermophilum has
the ability to hydrolyze pectin.

MATERIALS AND METHODS

Strain, vector, and materials  The C thermophilum strain was isolated from
bovine feces at Tengchong (Yun’nan, China). The strain was deposited in the publicly
accessible culture collection CGMCC (no. 3.17990), Beijing, China. Escherichia coli T1
(TransGen Bio, Beijing, China) was used for gene cloning. Pichia pastoris GS115
(Invitrogen, Carlsbad, CA, USA) was used for recombinant protein production. The
Pichia secretory protein expression vector pPICIK (Invitrogen) was used in the
expression system. Primers were synthesized by Sangon Biotech (Shanghai, China).

Gene cloning and construction of the yeast expression system  Total RNA
was isolated from the mycelia of C. thermophilum using Trizol reagent (Invitrogen)
according to the manufacturer’s instructions. Reverse transcription was performed
according to the RNA PCR Kit 3.0 instructions (Takara Bio, Shiga, Japan). The
CTendo45 gene (Genbank accession number KC441877), based on the genomic DNA
of C. thermophilum (http://ct.bork.embl.de/), was amplified using the primers 5'-

1389-1723/$ — see front matter © 2017, The Society for Biotechnology, Japan. All rights reserved.
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Heterologous Expression and Biological Characterization

Qinzheng Zhou, Jianchao Jia, Peng Ji and Chao Han"
Department of Mycology, Shandong Agricultural University, Taian, Shandong 271018, China
*For correspondence: hanch87@163.com

Abstract

Chaetomium thermophilum is a thermophilic fungus expressed a series of glycoside hydrolases. Genome sequence analysis of
C. thermophilium revealed that ctcel6 gene encoded a putative cellobiohydrolase which composed of 397 amino acid residues
including a predicted signal peptide sequence. Ctcel6 gene was cloned, heterologously expressed in Pichia pastoris and
purified by Ni?* affinity chromatography. Sequence alignment indicated that CtCel6 enzyme belonged to glycoside hydrolase
family 6 (GH6) and the molecular mass of purified recombinant enzyme CtCel6 was 42 kDa by SDS-PAGE analysis.
Characterization of recombinant CtCel6 exhibited high hydrolysis activity and excellent thermostability. The optimum
reaction temperature and pH was 70°C and pH 5, respectively. The bivalent metallic cations Mg** and Ca** significantly
enhanced the activity of CtCel6. The specific activity of CtCel6 enzyme was 1.27 U/mg and K,, value was 0.38 mM on B-D-
glucan. The substrate specificity and hydrolysis products insisted that CtCel6 was an exo-/endo-type cellobiohydrolase. The
biochemical properties of recombinant CtCel6 made it potentially effective for bioconversion of biomass and had tremendous
potential in industrial applications such as enzyme preparation industry and feed processing industry. © 2017 Friends Science
Publishers

Keyword: Glycoside hydrolase family 6; Cellobiohydrolase; Heterologous expression; Thermostable enzyme; Bioconversion

Introduction

Lignocellulosic biomass, the most abundantly renewable
and available carbohydrate resource on the earth, has been
regarded as an available feedstock for biochemical and
biotechnological applications to produce biofuels and
chemicals (Margeot et al, 2009). Since the global energy
crisis and environmental pollution are intensifying, it has
attracted extensive attention to the utilization of
lignocellulosic biomass. Cellulose is the major composition
of lignocellulosic biomass and the bioconversion of
cellulose needs a combined effect of three classes of
hydrolytic enzymes, including endoglucanases (EC 3.2.1.4),
cellobichyrolases (EC 3.2.1.176, EC 3.2.191) and PB-
glucosidases (EC 3.2.1.21) (Lynd et al, 2002; Sanchez,
2009). Cellobiohyrolases are a group of glycoside
hydrolases, which hydrolyzed oligosaccharides of assorted
lengths generated by endoglucanases to cellobiose
(Ragauskas et al., 2006). According to the classification of
the carbohydrate-active enzymes database (CAZy),
cellobiohyrolases are assigned to 5 glycoside hydrolase
families: GH5-7, GH9 and GH48 (Cantarel et al, 2009). In
particular, the cellobiohydrolases of GH6 are widely
believed to act processively from the non-reducing terminal

of cellulose chains to generate cellobiose. GH6 family
members are mainly produced by bacterial and fungal
sources, and the hydrolysis mechanism is inverting. GH6
family includes both endoglucanases and
cellobiohydrolases, many GH6 endoglucanases have been
reported, such as Thermobifida fiusca Cel6A (Al et al,
2015), Thermobifida halotolerans GH6 endoglucanase (Yin
et al., 2015), and Cellulosimicrobium funkei Cell, (Kim et
al, 2016). However, the study of GH6 cellobiohydrolases
has been reported rarely.

Chaetomium thermophilum is a thermophilic fungus
living in the high temperature environment up to 60°C
belonged to the phylum Ascomycota. By now, many
glycoside hydrolases have been isolated from C.
thermophilum, such as a GH55 p-1,3-glucanase
(Papageorgiou and Li, 2015), a PB-glucosidase (Xu et al,
2011) and a cellobiohydrolase II (Wang et al, 2013).
Generally, C. thermophilum glycoside hydrolases are
thermostable and have a high optimal reaction temperature
based on the previous researches. Thermostable enzymes
have potential advantages in lignocelluloses conversation,
on account of effectively improving hydrolysis efficiency
and reducing the possible contamination at high temperature
in industrial processes (Huy et al., 2016).

To cite this paper: Zhou, Q. J. Jia, P. Ji and C. Han, 2017. A novel application potential of GH6 cellobiohydrolase CtCel6 from thermophilic Chaetomium
thermophilum for gene cloning, heterologous expression and biological characterization. Jnt. J. Agric. Biol., 19: 355-362
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A new endoglucanase encoding gene (ctendo?7) was cloned from the thermophilic fungus Chaetomium
thermophilum and heterologously expressed in Pichia pastoris. The recombinant CTendo7 enzyme was purified
by Ni? " affinity chromatography and subsequently characterized. CTendo7 belongs to glycoside hydrolase family
7,and exhibited considerable activity against sodium carboxymethyl cellulose (CMC-Na) and xylan of 1.91 IU/mg
and 3.05 [U/mg at the optimum reaction condition of 55 °C, pH 5.0, respectively. The purified enzyme displayed
relatively good thermostability. The residual endoglucanase and xylanase activities were 74.3% and 66.2% after a
60 min pre-incubation at 70 °C. Additionally, Ag ", Fe** and Cu®* negatively affected the enzyme's activity, while
the presence of 1 mM and 5 mM Mn?" significantly enhanced both endoglucanase and xylanase activities. Gen-
eration of soluble oligosaccharides from lignocellulose is a critical step in bioethanol production, and it is note-
worthy that CTendo7 produced cello-oligosaccharides and xylo-oligosaccharides from the continuous
enzymatic saccharification of CMC-Na and xylan, respectively. This is the first detailed report on a novel bifunc-
tional endoglucanase/xylanase enzyme from C. thermophilum. Furthermore, the excellent properties of CTendo7

distinguish it as a promising candidate for industrial lignocellulosic biomass conversion.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Lignocellulose represents the most abundant renewable carbon
source on the planet and is composed of three major biopolymeric sub-
stances, including cellulose (35-50%), hemicellulose (20-30%, mainly
xylan) and lignin (20-30%) [1]. To initiate the production of biofuels
and other value-added products from cellulosic biomass, bioconversion
of lignocellulosic components into fermentable saccharides is necessary
[2]. Endoglucanase (EC 3.2.1.4) plays a primary role in hydrolyzing cel-
lulose and randomly cleaves [3-1,4-glucosidic bonds in amorphous re-
gions of cellulose chains to catalyze the initial attack on the
biopolymer [3]. Similarly, xylanase (EC 3.2.1.8) acts as a xylanolytic en-
zyme that breaks down (3-1,4-xylosidic linkages in the cellulose back-
bone and then decomposes the linear polysaccharide 3-1,4-xylan, a
main chain of hemicellulose, to produce xylo-oligosaccharides [4].
Moreover, the catalytic performance of endoglucanases against
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lignocellulose can be effectively enhanced by the addition of xylanases,
since the deconstruction of hemicellulose layers between microfibers
contributes to further improve the accessibility of cellulose to hydrolytic
enzymes [5]. Due to the importance of the two enzymes in lignocellu-
lose hydrolysis, a bifunctional endoglucanase/xylanase could be advan-
tageous in biotechnological applications, particularly in the ethanol bio-
refinery and feed industries [6].

According to the classification of the Carbohydrate-Active Enzyme
(CAZy) database, endoglucanases are widespread among 14 glycoside
hydrolase (GH) families: GH5-GH10, GH12, GH26, GH44, GH45, GH48,
GH51, GH74, and GH124 [7]. It was reported that xylanase-like activity
is a common feature shared only by endoglucanases of the GH7 family
[2], which can be ascribed to the structural homology between GH7
endoglucanases and xylanases that potentially originated from a di-
verged ancestral gene [8].

It is especially noteworthy that an integrated bio-refinery of ligno-
cellulosic materials for ethanol production requires elevated tempera-
tures [9]. In this regard, as ideal -catalysts, thermostable
lignocellulolytic enzymes with excellent activity are always preferred
in ethanol bio-refinery, since they can provide additional advantages.
Generally, thermostable enzymes have considerable tolerance to harsh
conditions, including high salt concentrations and extreme pHs [10,
11]. More importantly, enzymes that are both thermoactive and
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thermostable -1,4-endoglucanase CTendo45 isolated from the thermophilic fungus Chaetomium thermophilum,
structure-based rational design was performed by using site-directed mutagenesis. When inactivated mutation
of the unique N-glycosylation sequon (N88-E89-T90) was implemented and the conserved Y173 residue was
substituted with phenylalanine, a double mutant T90A/Y173F demonstrated enzymatic activity that dramatically
increased 2.12-and 1.82-fold towards CMC-Na and [>-D-glucan, respectively. Additionally, T9OA/Y173F exhibited
extraordinary heat endurance after 300 min of incubation at elevated temperatures. This study provides a valid
approach to the improvement of enzyme redesign protocols and the properties of this endoglucanase mutant dis-
tinguish it as an excellent candidate enzyme for industrial biomass conversion.
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1. Introduction

Lignocellulosic biomass is the earth's most abundant utilizable or-
ganic resource with great potential for the sustainable production of
chemicals and biofuels [1,2]. Cellulose serves as a major component (ap-
proximately 35-50%) of lignocellulosic biomass, followed by hemicellu-
lose (20-30%) and lignin (20-30%) [3]. Endoglucanase (EC 3.2.1.4),
which is a critical set of cellulases for lignocellulose deconstruction, ran-
domly cleaves the internal 3-1,4-glucosidic bonds in cellulose fibers and
triggers the initial catalytic attack on biopolymer chains in amorphous
regions [4).

From a practical point of view, the inadequate performance and in-
stability of commercial cellulases under extreme reaction conditions is
now considered as the main obstacle to their effective application in in-
dustrial and agricultural fields which results in extending the reaction
period and raising the production cost [5]. Therefore, for modern cellu-
lase preparation research and development, the improvement of en-
zyme specific tolerability and catalytic efficiency is essential [6,7]. To
date, structure-based rational engineering is an effective approach to
enhancing enzymatic properties, which is implemented based on the
modification of some crucial residues and domains in terms of the
enzyme's structure-function relationship [8,9]. In addition, more
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attention has been focused on the optimization of conserved residues
in the active site architecture, which play important roles in modulating
enzyme structure and catalytic properties [10,11].

Elevating the reaction temperature is generally conducive to substan-
tially increasing the hydrolysis rate and preventing microbial contamina-
tion in the realistic biorefinery of lignocellulosic saccharification [12].
Thus, thermostability is a valuable property for cellulases in practice. Uti-
lizing potent thermostable cellulases endowed with pronounced activity
at high temperatures is beneficial for accelerating the catalytic process,
shortening the reaction period and reducing the enzyme dosage [2,13].
N-glycosylation, which represents a ubiquitous post-translational modifi-
cation in eucaryon, is capable of regulating the thermal stability and hy-
drolysis activity of cellulases [14-17]. In the case of a glycoprotein, the
carbohydrate unit is covalently connected to the specific asparagine resi-
due within the sequon Asn-Xaa-Ser/Thr (where Xaa cannot be Pro) [18].

In our previous work, rational design of a thermostable GH45 (3-1,4-
endoglucanase CTendo45 from Chaetomium thermophilum was per-
formed to further enhance the thermostability by substituting the con-
served noncatalytic Y173 residue with F in the active site architecture
using site-directed mutagenesis [19]. Additionally, when the unique
N-glycosylation sequon in CTendo45 was modified, a T90A variant ex-
hibited superior characteristics of high temperature tolerance [17]. In
this study, a double mutant T90A/Y173F was generated and exhibited
enhanced thermostability compared with that of its single counterparts,
providing a promising biocatalyst for diverse biotechnological
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Identification and Characterization of
a Novel Hyperthermostable
Bifunctional Cellobiohydrolase-
Xylanase Enzyme for Synergistic
Effect With Commercial Cellulase on
Pretreated Wheat Straw Degradation

Chao Han*, Ruirui Yang, Yanxu Sun, Mengyu Liu, Lifan Zhou and Duochuan Li*

Key Laboratory of Agricuftural Microbiology, College of Plant Protaction, Shandong Agricultural University, Tai'an, China

The novel cellobiohydrolase gene ctcel7 was identified from Chaetornium thermophilum,
and its recombinant protein CtCel7, a member of glycoside hydrolase family 7,
was heterologously expressed in Pichia pastoris and biochemically characterized.
Compared with commercial hydrolases, purified CtCel7 exhibited superior bifunctional
cellobiohydrolase and xylanase activities against microcrystalline cellulose and xylan,
respectively, under optimal conditions of 60°C and pH 4.0. Moreover, CtCel/ displayed
remarkable thermostability with over 90% residual activity after heat (60°C) treatment
for 180 min. CtCel7 was insensitive to most detected cations and reagents and
preferentially cleaved the p-1,4-glycosidic bond to generate oligosaccharides through
the continuous saccharification of lignocellulosic substrates, which are crucial for various
practical applications. Notably, the hydrolysis effect of a commercial cellulase cocktail
on pretreated wheat straw was substantively improved by its combination with CtCel7.
Taken together, these excellent properties distinguish CtCel7 as a robust candidate for
the biotechnological production of biofuels and biobased chemicals.

Keywords: bifunctional, thermostable, cellobichydrolase, xylanase, synergism, pretreated corn stover

INTRODUCTION

Lignocellulosic biomass is the most abundant renewable resource in nature and represents
a promising feedstock for the agricultural, biochemical and biofuel industries (Liu et al.,
2019). Cellulose and hemicellulose are the primary components of lignocellulosic biomass with
mass ratios of 35-50% and 20-30%, respectively (Penttild et al., 2018). Due to the structural
complexity of lignocellulosic biomass, its efficient enzymatic depolymerization necessitates the
synergistic actions of a diverse set of glycoside hydrolases (GHs), particularly cellulase and
xylanase. Because multifunctional glycoside hydrolases with excellent activity are favorable for
carbohydrate conversion (Cao et al., 2018; Wang et al., 2019), much effort has been devoted
to the bioprospecting of these potent catalysts to allow their application in industrial fields.
Although many multifunctional GHs have been identified (Yang et al., 2017; Tan et al., 2018; Liu
et al., 2019), an inherent enzymatic feature of significant thermostability, which is preferred for
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Phytopathogens deploy glycoside hydrolases (GHs) to disintegrate plant cell walls for
OPEN ACCESS nutrition and invasion. However, the pathogenic mechanisms of the majority of GHs
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function. Compared to wild-type strain P6497, the mutants showed reduced virulence
on susceptible soybean, indicates PsGH7a is indispensable to P sojae virulence.

Keywords: Phytophthora sojae, glycoside hydrolase 7, virulence, soybean, cellobiohydrolase

INTRODUCTION

The battle between plants and microbes is the product of million-years of co-evolution. The front
line of the plant defense is numerous physical barriers such as the cell walls, waxes and hairs
(Hématy et al., 2009). A primary challenge for microbial pathogens is to penetrate the formidable
and dynamic barrier of plant cell walls, which are constructed of cellulose, hemicellulose, pectin,
and joined by complex distinct connection types (Somerville et al., 2004; Vorwerk et al., 2004;
Wang et al., 2019).

Plant pathogens produce cell wall degrading enzymes (CWDEs) as part of their arsenal for
nutrition and plant invasion (Faure, 2002; Martinez et al., 2004; Hashimoto et al,, 2007; Hématy
et al., 2009; Bakunina et al., 2013; van Wyk et al., 2017; Pluvinage et al., 2019). Phytopathogenic
fungi and oomycetes are unique microbial pathogens that being able to break the intact physical
surfaces of host plants (Soanes et al., 2007). Many plant-pathogenic fungi secrete a range of CWDEs
to degrade the host cell wall, such as glycoside hydrolases, polysaccharide lyases, and esterases,
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Abstract

thermophilum.,

its single-mutant counterparts and the wild type.

Background: Endoglucanase has been extensively employed in industrial processes as a key biocatalyst for ligno-
cellulosic biomass degradation. Thermostable endoglucanases with high catalytic activity at elevated temperatures
are preferred in industrial use, To improve the activity and thermostability, site-directed mutagenesis was con-
ducted to modify the N-glycosylation sites of the thermostable 3-1,4-endoglucanase CTendo45 from Chaetomium

Results: In this study, structure-based rational design was performed based on the modification of N-glycosylation
sites in CTendo45. Eight single mutants and one double mutant were constructed and successfully expressed in
Pichia pastoris. When the unique N-glycosylation site of N88 was eliminated, a T9OA variant was active, and its specific
activity towards CMC-Na and B-p-glucan was increased 1.85-and 1.64-fold, respectively. The mutant R67S with an
additional N-glycosylation site of N65 showed a distinct enhancement in catalytic efficiency. Moreover, T9OA and R675S
were endowed with extraordinary heat endurance after 200 min of incubation at different temperatures ranging from
3010 90 °C. Likewise, the half-lives (t; ) indicated that TOOA and R67S exhibited improved enzyme thermostability at
80 °C and 90 °C. Notably, the double-mutant T90A/RE7S possessed better hydrolysis activity and thermal stability than

Conclusions: This study provides initial insight into the biochemical function of N-glycosylation in thermostable
endoglucanases. Moreover, the design approach to the optimization of N-glycosylation sites presents an effective and
feasible strategy to improve enzymatic activity and thermostability.

Keywords: Endoglucanase, N-glycosylation site, Thermostability, Specific activity

Background

Plant polysaccharide depolymerization by synergistic
enzyme cocktails is crucial for the production of ligno-
cellulosic biofuels [1]. These biomass-degrading enzymes

*Correspondence: hanch87@163.com; lidc20@sdauedu.cn

Shandong Key Laboratory for Agricultural Microbiology, College of Plant
Protection, Shandong Agricultural University, Tai'an 271018, Shandong,
China

B BMC

are primarily composed of a diverse set of glycoside
hydrolases (GHs) that efficiently catalyze the conver-
sion of lignocellulose to glucose [2]. Endoglucanase (EC
3.2.1.4), which randomly deconstructs the internal B-1,4-
glucosidic linkages in amorphous regions of biopolymer
fibers to trigger an initial catalytic attack on cellulose
chains, is an essential biocatalyst for cellulose degrada-
tion [3].

©The Author(s) 2020, This article is licensed undera Creative Commons Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction inany medium or format, as long as you give appropriate credit to the original author(s) and
the scurce, provide a linkto the Creative Commons licence, and indicate if changes were made. The images or other third party material
in this article are included in the article’s Creative Commaons licence, unless indicated otherwise in a credit line to the material. If material

is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds
the permitted use, you will need to obtain permission directly from the copyright holder. Toview a copy of this licence, visit http://crea-
tivecommons.orgy/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdo-
main/zero/ 1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.
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Enzymatic saccharification of lignocellulosic biomass is increasingly applied in agricultural and industrial appli-
cations. Nevertheless, low performance in the extreme environment severely prevents the utilization of commer-
cial enzyme preparations. To obtain cellobiohydrolases with improved catalytic activity and thermostability,
structure-based rational design was performed based on a thermostable cellobiohydrolase CtCel6 from
Chaetomium thermophilum. In the present study, four conserved and noncatalytic residue substitutions were gen-
erated via site-directed mutagenesis. Mutations were heterologously expressed in yeast Pichia pastoris, purified,
and ultimately assayed for enzymatic characteristics. The mutant Y119F increased the catalytic activity 1.82-,
1.65- and 1.43-fold against 3-p-glucan, phosphoric acid swollen cellulose (PASC) and carboxymethylcellulose so-
dium (CMC-Na), respectively. In addition, S131 W effectively enhanced the enzyme's heat resistance to elevated
temperatures. The half-life (t; ) of this mutant enzyme was increased 1.42- and 2.40-fold at 80 °C and 90 °C, re-
spectively, compared to the wild-type. This study offers initial insight into the biological function of the conserved
and noncatalytic residues of thermostable cellobiohydrolases and provides a valid approach to the improvement
of enzyme redesign proposal.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Cellulose is the main composition of lignocellulosic biomass and con-
sists of B-1,4-linked p-glucopyranosides to form adjacent linear-chain
molecular polymers [1]. One crucial determinant to restrict saccharifica-
tion efficiency is the recalcitrance of crystalline region in cellulose sub-
strates [2]. Cellobiohydrolase (EC 3.2.1.91), which acts processively on
the end of exposed cellulosic polysaccharide to release cellobiose and
cellooligosaccharide, is an essential biocatalyst for cellulose decomposi-
tion [3], especially for the native cellulosic material that contains a great
proportion of crystalline polymers [4].

The high cost of commercial enzymes and low performance in ex-
treme conditions are considered as major obstacles to industrial applica-
tions [5]. Thus, there is a significant impetus to improve enzymatic
hydrolysis efficiency and specific tolerability for the recent development

* Correspondence to: C. Han, Shandong Key Laboratory for Agricultural Microbiology,
College of Plant Protection, Shandong Agricultural University, Tai'an, Shandong 271018,
China.
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0141-8130/© 2018 Elsevier B.V. All rights reserved.

of cellulase preparation [6]. As an efficient genetic approach to optimize
properties, rational protein engineering contributes to generating muta-
tions with enhanced properties and simultaneously elucidates the
enzyme’s structure-function relationship [7,8]. Recently, more attention
has been drawn to the potential functional residues, which play impor-
tant roles in modulating enzyme structure and catalytic properties, espe-
cally these conserved noncatalytic residues [9,10].

Thermoactive and thermostable cellulases, in general, have favorable
effects on the resistance of adverse conditions, including high salt concen-
trations and extreme pHs. In particular, enzymes with such excellent
properties are desired to effectively enhance hydrolysis efficiency at ele-
vated temperatures while simultaneously reducing microbial contamina-
tion in industrial processes [11]. Therefore, it is essential to explore
thermoactive enzymes with considerable thermostability. Chaetomnium
thermophilum produces multiple thermostable cellulases with high effi-
ciency [12], such as a B-1,4-endoglucanase CTendo45 [7] and two
cellobiohydrolases CtCel6 [13] and CtCBH1 [14]. According to the classifi-
cation of the Carbohydrate-Active Enzyme (CAZy) database [15],
cellobiohydrolases are mainly assigned into two glycoside hydrolase fam-
ilies (GH6 and GH7)}. Besides, the GH6 cellobiohydrolase is extensively
considered to act processively from the non-reducing terminal of
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In this study, the bioactivities of binary mixtures of organosilicone surfactants and indoxacarb against
two Lepidopteran pests were investigated along with their environmental risks. All of the tested orga-
nosilicone surfactants had obvious synergistic effects on the contact toxicity of indoxacarb against
Spodoptera exigua and Agrotis ipsilon. However, all of the organosilicone surfactants exhibited certain
antagonism for indoxacarb against S. exigua in terms of stomach & contact toxicity; both Silwet-408 and
Silwet-806 exhibited additivity against A. ipsilon, whereas Silwet-618 and Silwet-DRS-60 exhibited
synergism and slight antagonism, respectively. All of the tested chemicals were highly toxic to Daphnia
magna, among which Silwet-DRS-60 had the lowest acute toxicity (ECsg of 94.91 ug/L). However, these
chemicals were less toxic to Brachydanio rerio. Silwet-DRS-60 had a low toxicity to B. rerio, while Silwet-
408, Silwet-806 and Silwet-618 were moderately toxic to B. rerio. For the joint toxicity evaluation of
organosilicone surfactants and indoxacarb to D. magna and B. rerio, the additive index method, con-
centration addition method and toxicity unit method were robust in judging synergism or antagonism,
whereas other methods were more conservative; the V-value method and equilibrium curve method
exhibited high robustness and viability in evaluating the combined effects of binary mixtures. Overall, we
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Easily Tunable Membrane Thickness
of Microcapsules by Using a
Coordination Assembly on the
Liquid-Liquid Interface
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A model solvent, 1,3,5-trimethylbenzene, was encapsulated using coordination
assembly between metal ions and tannic acid to reveal the deposition of coordination
complexes on the liquid-liquid interface. The deposition was confirmed by zeta
potential, energy dispersive spectroscopy and X-ray photoelectron spectroscopy.
Scanning electron microscopy and transmission electron microscopy were integrated
to characterize the microcapsules (MCs). According to atomic force microscopy height
analysis, membrane thickness of the MCs increased linearly with sequential deposition.
For MCs prepared using the Fe®t-TA system, the average membrane thicknesses
of MCs prepared with 2, 4, 6, and 8 deposition cycles were determined as 31.3 +
46, 924 + 15.0, 175.4 £ 221, and 254.8 + 24.0nm, respectively. Dissolution test
showed that the release profiles of all the four tested MCs followed Higuchi kinetics.
Membrane thicknesses of MCs prepared using the Ca2*-TA system were much smaller,
We can easily tune the membrane thickness of the MCs by adjusting metal ions or
deposition cycles according to the application requirements. The convenient tunability
of the membrane thickness can enable an extensive use of this coordination assembly
strategy in a broad range of applications.

Keywords: microcapsule, polyphenol, metal ion, deposition, coordination assembly, membrane thickness

INTRODUCTION

Microencapsulation technology is a promising approach that has been widely reported to
protect sensitive core materials, including but not limited to chemicals and living biomaterials
(Parthasarathy and Martin, 1994; Anderson and Shive, 2012; Tong et al., 2012; Li B.-X. et al,, 2017).
The past few decades have seen significant advances of microencapsulation in drug delivery (Wang
et al., 2006, De Koker et al., 2012; Simoes et al., 2015; Jia et al, 2017; Li H. et al, 2017),
material industry (White et al., 2001; Su and Schlangen, 2012; Jamekhorshid et al., 2014),
biomaterials (Parthasarathy and Martin, 1994; Zhi and Haynie, 2006; Kurayama et al., 2012;
Ekanem et al, 2017; Zhao et al,, 2017), agrochemicals (Li et al., 2016, 2018; Liu et al., 2016;
Liang et al., 2017), food industry (Xu et al, 2013), and other fields. There are numerous
encapsulation methods focusing on in sifu polymerization (Su et al., 2013; Zuo et al., 2014),
interfacial polymerization (Wagh et al., 2009), spray drying (Zhang and Zhong, 2013), solvent

Frontiers in Chemistry | www.frontiersin.org
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Seeking alternatives for alkylphenol ethoxylates (APEOs) have been a heavily researched topic in the surfactant
industry and agricultural systems. In this study, the combined effects of different ethoxylates and pesticides on
the bioactivity against three pests and toxicological risks to Daphnia magna were investigated. Results showed
that alcohol ethoxylates (AEOs) had higher synergistic effects on the bioactivity of pesticides against Spodoptera
exigua, Agrotis ipsilon and Aphis citricola than did APEOs, In terms of the joint toxicity of the ethoxylates and pes-
ticides to D. magna, additive index method, toxicity unit method, V value method and isobologram method were
used in the tests. All of these methods indicated that the joint effects of APEOs + acetamiprid and APEOs +
indoxacarb upon D. magna turned from synergism to antagonism with the increasing EO (ethylene oxide) num-
bers. Those of AEOs exhibited similar trends. Overall, AEOs may be potential alternatives for APEOs in agriculture
as they synergize pesticides against three pests significantly more than do APEOs. However, further research
should investigate the compounds' environmental risks to aquatic organisms because the AEOs were highly
toxic to D. magna.

© 2018 Elsevier B.V. All rights reserved.
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Alkylphenol ethoxylates (APEOs) are highly consumed surfactants
in the textile, cosmetic, agrochemicals and other domains owing to
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Abstract: Solanum nigrum fruits have been conventionally used in beverages due to their nutritional
substances such as minerals, vitamins, amino acids, proteins, sugars, polyphenols, and
anthocyanins. The characterization of components and regulatory mechanism of anthocyanins in S.
nigrum fruits have rarely been reported. In this study, we determined that the peel and flesh of S.
nigrum fruits shared similar HPLC profiles but different contents and total antioxidant activities for
anthocyanins. After an efficient purification method, mainly including extraction with pH 1.0
distilled water and then desorption with pH 1.0 95% ethanol after a DM-130 resin adsorption step
to obtain more pure anthocyanin extracts, the purity of anthocyanins extracted from S. nigrum fruits
reached 56.1%. Moreover, eight anthocyanins from S. nigrum fruit were identified with HPLC-
MS/MS for the first time. A typical R2R3-MYB transcription factor gene, StMYB, was also cloned
for the first time by rapid amplification of cDNA ends (RACE)-PCR from S. nigrum. Moreover, the
contents of anthocyanins were shown to correlate well (r = 0.93) with the expression levels of StMYB
gene during the fruit’s developmental stages. Most significantly, SuMYB gene successfully
produced high anthocyanin content (1.03 mg/g) when SnMYB gene was transiently expressed in
tobacco leaves. Taken together, S. nigrum fruits are a promising resource for anthocyanin extraction,
and SuMYB gene is an activator that positively regulates anthocyanin biosynthesis in S. nigrum.

Keywords: Solanum nigrum; anthocyanin; HPLC-MS/MS; antioxidant capacity; Sn(MYB transcription
factor

1. Introduction

As a group of natural pigments, anthocyanins are water-soluble and provide many flowers and
fruits with their purple, blue, and red colors, which promotes pollination and seed distribution [1].
Natural anthocyanins have the ability to protect plants from biotic and abiotic stress [2]. For example,
anthocyanins can provide plants with increased resistance to some fungal diseases and insect damage
[34]. Furthermore, anthocyanins are capable of protecting plants from cold damage and UV

Molecules 2017, 22, 876; doi:10.3390/molecules22060876 www.mdpi.com/journal/molecules
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First Report of Tobacco vein banding mosaic virus Infecting Sesame in
China
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Sesame (Sesamum wmdicun) s one of the maor economic crops In the word and I3 mainky culthvatad in
At artd Alrica, o the seemener af 2016, we conducted a senes ol feld sureegs in Zrasggiu, Shandang
Proance, Ching to Investigate the wiruses Infecing sesame Sesarre plants (ov. thoagzhi Na 1)
slwreing symniplams of mosaic, ebaltion, sheesiong, ond puckering were found inoseveral Tields at
Incidences of 20 to 35%. Young l2aves of five sympromatic plants were collectad for total ANA exraction
wang Trical reagent {Invitragen, Carldio, CAL Tl amounts af tatal RNAs were poaled foe serall RNA
deed-zequencing {SADE) analysls (illuming HisSouzton 2500) 1 datect sotental vruses. SADS on the
pexctled RNA resiied in 26,181,657 reards. Cloar reaess of 21 1o 28 nuckotides (711 wors assembiled witt
Trinity v2.05 and vsed to search homolagous saguences in the NCEI nudectide database using the
RLAST tack. BLAST sparches identdfind theer potyvinses, Wotermelon mcsaic wines WMV, 2van comman
MosalC Wirus (BCMVY, and Tabaczo vein banaing mosaic wres ITVBMY. The percentages of the small RNA
reads eorrpspradieg ta WMV, RCMY, and TVEMY were 0.43, 12,28, and 1.23%, rasaectively. WY and
BCMV have already been raportad 1o irfect sesame in China. The contigs mapping to TVBMV were 9,240
nt, covering 96.5% of its complate pename. To further ronfirm the existence o7 TVAMY in spsame
samples, the 3'-ierminal region of TVBMY genome was ampified by I7-PCR using primers spedfic to
potyuinuses (Chen et al. 2001} & fragrmant af ~1 6 kb was amplifies from theoe of the 12 plants tested.
The rasultant wnsensus sesuences of 1.624 nt(GenBank accession no. KY247 146, isclate name TVBMY-
Shangu) ncluded 624 ot encoding partal Nib, B15 nt encadirg CF, and 184 nt belonging to the 3UTR,
The 3'-terminal genomic sequence of TVBMY-ZhangQiu shared identites of 90.54 w 58.09% at the
nixleatida level wirh ocher TVHMY Isalszes availabla in GenBank, while the CP-encoding sequence
shared identiies of 90.04 o 96 52% at e ruceotde level ang 35.93 w 100.0% at the amine aud level
with athar | VBMY solates, IVEMY-ZhangQiu farmad 3 clade with solata GSINS (GUSI408Y) from
Garsuy, Clona, and was dustered 1 the CPMC group (Zhang et al. 2011} in the pludogenedic analysis. i1
Wesrem blot analysis. all the threa POL-positive plants showed positive reaction wth antizarum aganst
TVBMY (Lan et al 20070 TYEMY has been reported o inled tobacco, patato, Daloerg strammonium, vild
eggplant (Salgnum rarvum), 3nc tomato In China (Geng et 2l 2014; Roggero et al 2000; Zhang et al
2011). Ta 1he best ol our knwsedge, ths is e lirst report Bt TVBMY o naturally inlect sesame s
China, Dur resuts showe that 1VEMY I3 3 potentlal thraat to sezame production and pravide new clues
lue the susiaineiile canirol ol sesarre vical diseases,
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First Report of Papaya ringspot virus Associated With a Ringspot Disease
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Paparpa riogspod wieas (PRSV] i o rretnibier of the genne Paiantes (faenily Poraaricae) and cases pres
ceonamic jdses i agriculture (Bateson e al. 2002). Sa far, PRSV huas beea reponied to infect Coricy
pogaya, Clrolius vingaris, Suconis ssvas, Cucareto macime, Cocurdito pepo, Dusoraio mosche, Luffa
AcLeAgus, Trichosanthes anguing. and Siraitio grasvence In the southern {subtrogcall Chinese

pron nces of Guangdong Guaagsl. Halnan, Fuian, Tatwan, and Yunnan [Huang et al. 2008, Liao et al.
2005). However, FRSV has not been detected in northesn China, In August 207, 30 10 50% zucchini
(Cucurhita pepo; ov. Zaoging Mo. ) plants In two farms of ~10 fa In Jnan, Shandong I'rovince, showed
mosalc 3nd distortion on leaves ans ringspot on frults, which caused huge damage o the yield and
wommercisl vaiue. Twalve samples were detectes witt JAS-ELISA using anttody agsnst PRSY {ADGEN,
Scotand, U K ), The absorhance values of blank, negative, and positive controls wese 0,119, 0,159, and
3.059, respactively, while thase for the 12 samples varies from 0.649 to 3631, Indicating tha: all of thern
wers infected with PRV, Ta “urther canfirm the mastence of RSV, prirers PRSV-3061.7 (57
CCTCCATATRTGTCTRAGATTG 37, which wirs icdenibeal 1 nacleatides, (ng €081 10 3,082 of PRV malate
Ll essian no, AYDZTRI0Y, e PREV 10741 R 1V COTCACTGTAMATAGAAGEGS 37, which vars
warnpementary to ni 10,221 16 12,220, vees desgoed. Reverse ranscripbion sas conducied using
HSCpt I reversa transcription (Yazyroe, Nanjing Chinal with prirmer PRSVIZZ4A1-R A spedlic fragment
of~1.2 kb was FCR-ampified using LA Tag DNA dolymerase (Takara, Dalian, China) with primers
PRSY10241-R and PRIVE0E]-F. The products of awo indesendent PCR wera sequenced by Blosune,
shangnal, China. The sequences was 1,058 ntInlengts, (ncluded 1430t nuclear Incluzion b protein (kb
zoding cegion, 867 ntcoat pocteln (L1 gene, and 48 nt 2'-untranslated ragion (U 1R SLAST analysis
snowed that the virus Isoiate (here designated 3: 'RIV-Tnan, Gendank sccesslon no. KXGSUAE/H)
zmawed an identity of 95% at ntlevel with Hanol 1, & *HSY 1solate from Vietnam | N822231). In the
phwagenetic tree constructed wth the CF gene ssing software MEGA 7.0 (Kumar et al, 2016) PASY-
Jiman farmed & dlose brancs with i<alate Hannt 1. Ta our knawdedge, this Is the first repart of PASY
raturaliy aecurmng w 2ucckn o g northern Chinese provinee with a tempeeate dimate. These findings
teghlipht thaimpactance ol develaping a sstable sty fon contralling, the spreas obwral discases of

cict bind i psasethern China,
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Tobacco vein banding mosaic virus
6K2 Protein Hijacks NbPsbO1 for

u u u

Virus Replication
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Accepted: 23 January 2017 :

Published: 23 February 2017 . o . .
. Chloroplast-bound vesicles are key components in viral replication complexes (VRCs) of potyviruses. The

Hong-Yan Wang* & Xiang-Dong Li*?

potyviral VRCs are induced by the second 6 kDa protein (6K2) and contain at least viral RNA and nuclear
inclusion protein b. To date, no chloroplast protein has been identified to interact with 6K2 and involve
in potyvirus replication. In this paper, we showed that the Photosystem Il oxygen evolution complex

protein of Nicotiana benthamiana (NbPsbO1) was a chloroplast protein interacting with 6K2 of Tobacco

: vein banding mosaic virus (TVBMV; genus Potyvirus) and present in the VRCs. The first 6 kDa protein
(6K1) was recruited to VRCs by 6K2 but had no interaction with NbPSbO1. Knockdown of NbPsbO1

: gene expression in N. benthamiana plants through virus-induced gene silencing significantly decreased

¢ the accumulation levels of TVBMV and another potyvirus Potato virus Y, but not Potato virus X of genus

i Potexvirus. Amino acid substitutions in 6K2 that disrupted its interaction with NbPsbO1 also affected

: thereplication of TVBMV. NbPsbP1 and NbPsbQ1, two other components of the Photosystem Il oxygen
: evolution complex had no interaction with 6K2 and no effect on TVBMYV replication. To conclude, 6K2

recruits 6K1 to VRCs and hijacks chloroplast protein NbPsbO1 to regulate potyvirus replication.

¢ To achieve successful infection in plant, positive-stranded RNA viruses utilize host cellular membranes to form
¢ viral replication complexes (VRCs)!%. Formation of VRCs can occur on various organelle membranes includ-
: ing endosome, endoplasmic reticulum (ER), golgi membrane, chloroplast membrane, mitochondria membrane,
: peroxisome and plasma membrane'~>°. VRCs were reported to contain viral RNA, viral replication-associated
: proteins and host proteins like RNA- modifying enzymes, protein chaperones, ESCRT proteins, translation factors
* and proteins involved in lipid biosynthesis®’. Identification of new host factor(s) necessary for virus replication
: will further advance our understanding of virus replication and the development of novel and sustainable antivi-
. ral strategies for agriculture.

Chloroplast is the metabolic energy manufacture in plant. It is also known to have an important role in plant

: virus replication. For example, Turnip yellow mosaic virus 140K protein contains methyltransferase, protein-
. ase and N'TPase/helicase motifs and targets chloroplast envelope. This 140K protein can recruit the 66K viral
: RNA-dependent RNA polymerase (RdRp) to chloroplast periphery®°. Alfalfa mosaic virus (AMV) and Barely
i stripe mosaic virus (family Bromoviridae) also target chloroplast for their replication'®"%. Several chloroplast
: proteins have now been identified to interact with viral proteins during virus infection in plant. The replicase
: of Tobacco mosaic virus (TMV) was shown to interact with Rubisco activase (RCA) and silencing RCA gene
: expression through virus-induced gene silencing (VIGS) enhanced TMV accumulation in cells®. The movement
. protein of Tomato mosaic virus (ToMV) interacted with Rubisco small subunit (RbCS) and knockdown of RbCS
: expression enhanced ToMV infection in virus-inoculated plant'.

Photosystem II (PS II) was reported to function as a light-driven, water-plastoquinone oxidoreductase. In

: addition, the PS II contains several extrinsic oxygen evolution complex (OEC) proteins that are known to have
. key roles in stabilizing the active manganese site'>'¢. OEC proteins are also known to interact with viral proteins.
: For example, the PS IT OEC protein PsbP was shown to interact with AMV coat protein and Rice stripe virus (RSV)
. disease-specific protein. Transient over-expression of PsbP in N. benthamiana leaves led to a significant reduction
: of AMV accumulation. Similarly, over-expression of PsbP in rice plant through stable transformation strongly

Laboratory of Plant Virology, Department of Plant Pathology, College of Plant Protection, Shandong Agricultural

University, Tai'an, Shandong 271018, China. Shandong Provincial Key laboratory for Agricultural Microbiology,

Tai'an, Shandong, 271018, China. Correspondence and requests for materials should be addressed to X.D.L. {email:
¢ xdongli@sdau.edu.cn)

SCIENTIFIC REPORTS | 7:43455 | DOI: 10.1038/srep43455
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# B AXHARTEEEENK(Zea mays L. sinensis Kulesh) B EFEFFTE BIFEEKXT
HIEAWFEENEL, UAREERIXNBTTARE A S EE/EREEEBANERE. |
BEEAELHE REAEREEEIKEEEXEFER-AZE (B/MRB) AZE
EEETHRAETKBFTFTAFHZE (B/MB) . BEEAZTE(BB), & 3 M08, 4
SimELIEMEDEmEmR(MBC) B (MBN) LIRS . EEE. PEEES. I5LEE
. EREREEEFETEIAEMNERA MBC 1 MBN, EXMAZLLEMEBER
MBC 0 MBN %5 EHEMF BT ENIES LIERE. D B EMEEE R, B
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Effects of intercropping with waxy maize on soil microbial biomass and enzyme activity of
continuous broccoli field. ZHANG Xue-peng, CAO Yu-bo, NING Tang=uan’ , FANG Qian-
nan, XU Zi-wen, HAN Huidang, LI Zeng—ia (College of Agrielture, Shandong Agricultural
University /State Key Laboratory of Crep Biology/Key Laboratory of Crop Water Physiology and
Drought-Tolerance Germplasm Improvement of Ministry of Agriculture/Shandeng Key Laboratory of
Crop Biology, Tatan 271018, Shandong, China) .

Abstract . Using continuous cropping as a contrast, the effects of different intercropping patterns of
waxy maize and maize straw returning on soil microbial biomass and enzyme activities were studied.

The aim was to know how intercropping and maize straw returning benefit for solving continuous

cropping obstacle problems in vegetable fields. Three treatments were used, including relay-inter—
cropping mode of broceoli and waxy maize with waxy maize straw retumning (B/MR-B), relay—
intercropping mode of broceoli and waxy maize without waxy maize straw returning (B/M-B),
broceoli continuous cropping (B-B) . The activities of soil urease, sucrase, neutral phosphatase
and catalase, and soil microbial biomass carbon (MBC) and nitrogen (MBN) were analyzed.
Relay-intercropping with straw retuming increased MBC and MBN, especially during the later co—
existence period of maize and broceoli. Moreover, the activities of urease, neutral phosphatase
and invertase were increased, and the transtormation of organic nutrients in the soil was im—
proved. Hydrogen peroxide was secreted by crop roots in the early stage of residues incorporation,
which increased the activity of catalase. The intercropping system may have the potential to de-
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Fffects of Cnltivation Mode on Bacterial Thiversity
of Black Soil in Sanjiang Plain

Wang Chengginng’ Huang Qiaoging” , Lit Gang” , Hu Wenhso® ,#ho Ruimin' , Ding Yangin'™ , Du Binghai*
| L. Colfege of Life Seivnces, Shondong Agmiculival Undversity S Shordong Key Laboratery of Agriculieral Wisrobindogy,
Taian ITIN8,; Chine; L College of Agronowy, Shondong Agriculival Dndversity, Taiar 710018, China;

3. Hedang Istrier Agricadrural Berean of Lingi; Lingd 276000, Ching)

Abstract The bacienal communiy structure of Oeld, vegetable ganden and foresi black sml in Sanjiang
FMain in the nonheast of Ching wers analyzed using Wlumina MiSeq sequencing platform under different cultiva—
i modes. The resulis showed that the microbal community of Geld, vegeiable ganlen amld forest sl exised
abwious diferences. The community rchness of Deld ol was sgmificantly lower than that of vegetable garden
and foresd soal, and the latter two were saimilar. Compeansd with vegelabde gandlen amd forest sl the OTU num-
bier of Deld soil redoced by 13.3% amd 7.6% respecively. The microbial commmiy compesation of vegetahle
garden soil was the most alwnadant. The bactena of Mitmsgarse in loresi soil held the highes bevel. The micmbi-
al community of Neld wil contaned more abundant degrulation genes of exogenous sulbstonees, Obvimesly s the
black soal degrulation in Sanjiang Plan was relabed o the changes ol soil micmobial commuonity, and egulaimg
the sirucbure of @il mocndaal commumity was benelicial o the repaie of feld black soil.

Key words Bactenal community diversity; High — throughguot sespuencing Black land; Cultivation maode
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Study on Coupling Effect of Straw Returning and Nitrogen Fertilizer

on N, O Emission in Summer Corn Field Based on DNDC Model
Jin Shuai', Shi Yonghui®, Ye Guixiang', Wang Liang’, Chen Guoging’”
(1. College of Agronomy, Shandong Agricultural University/State Key Laboratory of Crop Biology, Taian 271018, China:
2. Jinan Soil and Fertilizer Station, Jinan 250021, China)

Abstract N,( is an important greenhouse gas. Farmland has become its main source. To make clear
the coupling effect of straw retuming and nitrogen fertilizer on N, emission in summer corn farmland, the
DNDC model was verified according to the comparison of N, measured data and simulated data, and the cou-
pling effect was studied. The results showed that straw returning and nitrogen fertilizer both had active effect
on N, () emission especially at bellmouthed and milk stages. Straw returning and nitrogen fertilizer also had a
superimposition effect on N, emission, and the effect increased along with the increase of nitrogen application
amount. Under the condition of high nitrogen (N30), for every increase of 1 875 kg/hm” straw returning, the
N,O emission increased by 0,033 kg/hm® on the average, which was 1. 65 times that under low nitrogen con—
dition. This study provided scientific bases for the study of N,O emission reduction measures in summer corn
field of Huanghuaihai region, which had certain practical value.

Key words DNDC model; N,0; Straw retuming. Nitrogen fertilizer; Summer com
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Storage and Processing

Research on Production Conditions of High-
grade Wine from Northern Blueberry

Yanhe LIU', Xinbao HUANG', Hao WANG', Wenwen XU, Xiushan TAN’
1. College of Food Science and Engineering, Shandong Agricultural University, Taian 271018, China;

2. Agronomy College, Shandong Agricultural University, Taian 271018, China;

3. Shunten Agriculture and Forestry Technology Development Go., Ltd., Taian 271000, China

Abstract In order to develop the best brewing condition for high-grade fruit wine
from nerthem blueberry, on the basis of reviewing literatures about blusberry wine
manufacturing process, this study put forward a new technological process, including
raw materials-juicing-addition of auxiliary materials including pectinase-primary fer-
mentation with yeast-post-fermentation-hot and cold treatment-sterilization-packaging-
finished product, and sensory indexes, physicochemical indexes and hygienic index-
es of the product were inspected according to corresponding national standards and
industry standards. The results showed that for northem blusbarry pulp, the optimal
addition amount of yeast was 1.1 g/L. the fenmentation temperature was 22 T, and
the addition amounts of pectinase and sulfurous acid were 0.3 ml'kg and 100 ppm,
respectively; the alcohol degree of the finished product was adjusted to 15.6°; and
alternated cold and heat treatment used instead of conventional clarfying agent for
removing colloid-like impurities resulted in the brewed product with good wine fra-
grance, taste and color.

Key words Blueberry; Juicing; Pectinase; Yeast, Primary fermentation; Post-fermen-

tation; Cold and heat treatment

lueberry has a scientific name
B of Vaccinium spp., and the
main variety cultivated and pro-
cessed in China currently is onginated
from Morth America with good quality,
sour and sweet tastes, and rich types,
and suitable for wide region ', Blue-
berry processing is mainly conducted
in the areas of Daxing’an and Xiaox-
ing’an Mountains and Changbai
Mountains™, Blueberry processing is a
resource-dependent type industry, the
annual production of wild blueberry in
whole China is less than the process-
ing amount of ane company, which is
also the main reason for smaller scale
of blueberry deep processing enler-
prises, and therefore, more fresh fruit
is imported into domestic market in
winter when no fruit is produced, main-
ly from Chile and Argentina ¥, The
processing and brewing of blueberry
wine is developing rapidly though it is
started later than fruit juice. The brew-
ing process of wine requires more fruit

as raw materials, so that blueberry
wine has higher nutritional compo-
nents, as well as certain nourishing
and health-caring effects” . However,
there are few brands and little guantity,
which could not satisfy increasing ma-

terial and cultural needs of the people,
and especially, there have been fewer
studies on processing conditions of
blueberry wine ™', In view of this, this
study investigated the processing
conditions of high-grade blueberry
wine taking the situation of blueberry
planting industry in Taian into consid-

eration with the support of College Stu-
dents’ Innovative Planning Project of
Tiaan Cily.

Materials and Methods
Materials

Following matenals were used:
organic blueberry purchased from
Shunten  Agricullure and  Forestry
Technology Development Co., Ltd.; Y-
2-3 type liguid pectin purchased from

Supported by College Students” Innovative Planning Project of Tiaan City (20150001).
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Soil and Fertilizer

Effects of Seaweed Bio-organic Fertilizer on

Growth and Yield of Winter Wheat

Wenwen XU', Hengyang LIU? Xiushan TAN Jianming WANG®, Mingtan LI, Jianjie BI'*

1. College of Agronomy, Shandong Agricultural University, Tai'an 271018, China;

2. College of Economics & Management, Shandong Agricultural University, Tai'an 271018, China;

3. Tai'an Shengtian Agriculture and Forestry Science and Technology Development Co.,

Ltd., Tai’an 271000, China;

4. Shandong Shidai Marine Biclogical Technology (Weihai) Co., Ltd., Weihai 264300, China

Abstract [Objective] This study aimed to investigate the effects of seaweed bio-or-
ganic fertilizer on yield and quality of winter wheat. [Method] Seaweed bio-organic
fertilizer was applied to leaves of winter wheat according to the doss of 45 kg/hm?®
from jointing stage to maturing stage, and plant height, dry matter accumulation, flag
leaf photosynthetic characteristics and grain yield of winter wheat were investigated.
[Result] Foliar spraying of seawsed bio-crganic ferilizer showed little effect on plant
height of winter wheat, thickened stems, promoted dry matter accumulation, in-
creased flag leaf photosynthetic rate by 3.16%, and increased yield of winter wheat
by 6.85%. [Conclusion] Foliar spraying of seawsed bic-organic fertilizer promoted the
intelligent growth, thickened the stems, improved the lodging resistance, significantly
increased the panicle weight per plant, and increased the bulk density of winter
wheat, as well as improving the physical quality of wheat grain. In addition, foliar
spraying of seaweed bio-organic fertilizer promoted the synthesis of chlorophyll and
mitigated the decomposition of chiorophyll in winter wheat. Under the background of
fertilizer-pasticide double reduction, the test results and data of this study can be
promoted in the wheat-growing areas of Shandong Province and even whole China.

Key words Seaweed bic-organic fertilzer, Wintar wheat; Dry matter accumulation;

Yield: Photosynthatic rate
heat is one of the world’s
W major food crops, and is the

staple food of more than 1/3
of the world’s population. Stabilizing
production area and improving yield,
quality and efficiency are the develop-
ment trends of wheal production in the
world!"\. The annual planting area of
wheal in Shandong Province is 5.20x
10° hm, and il is the mostl important
food crop in Shandong Province.
There are many problems in wheat
production process. Excessive appli-
cation of chemical fertilizers and pesti-
cides leads to wheat farmland produc-
lion, and reslricls the suslainable de-
velopment of wheat production. Cur-
rently, the average application amount
of fertilizer in China’s land exceeds
400 kg/hm?, which is much higher than

the standard of 225 kg/hm? adopled by
United States and the European®. Fer-
lilizer residue in the soil is quile seri-
ous. Acid rain, sulfur and heavy metals
produce pollution to the soil, crop and
water, resulting in pesticide toxicity in
biological products. In  Shandong
Province in 2012, the annual applica-
tion amount of chemical ferilizer was
4.74x10° 1, which was higher than the
naticnal average, and the effective imi-
gation area was 4.99x10° hm?™. To ad-
dress the negative effects of chemical
fertilizers on agricultural products, the
application amount of chemical fertil-

izers must be reduced, and the appli-
cation amount of microbial fertilizers
and bio-organic fertilizers should be in-
creased to fundamentally sclve the
pollution of chemical fertilizers and to

Supported by Key Project of the National Twelfth Five-Year Research Program of China
(2011BAD32B02); Crosswise Project of Shandong Shidai Marine Biological Technology

{Weihai) Co., Ltd. (2015-2017).
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Effects of Tillage Methods and Nitrogen Fertilizer Types on Photosvnthetic
Performance of Summer Maize

ZHENG Bin, ZHAOQ Wei, XU Zheng, GAO Da-Peng, JIANG Yuan-Yuan, LIU Peng, LI Zeng-Jia, LI Gmgh,
and NING Tang-Yuan'

State Key Lahormory of Crop Biology / Agroscany College of Shandong A griculsenl University, Tai'sn XT101%, China

Abstract: In arder to understand the effects of different tillage methods and nitrogen fertilizer types on photosynthete performe-
ances and thesr mechanism, the charactensiics of photosyster I1 {PS1). photosystem [ (P51} and the coordination between them in
car leaves of matze (cultvar, Zhengdan ¥5K) were studied by using fast chlorophyll fluorescence-imduction kinctscs and 820 nm
light-absorption curves. Two-vear field experiment indicated that, companed with normal urea, controlled-release urea sgnifi-
cantly increased the chlorophyll content, net photosynibetc rate () and stomatal conductance () of ear leaves after anthesis,
and sigmficantly improved the coordimstson between PS11 and PS1. Compared wath rotary bllage, subsoiling sigmbicantly -
creased the photosynthetic performances m ear leaves durmg reproductive stage. Subsoaling method combined with com-
trolled-release urea application could significantly increase chlorophyll content, improve the performances of eleciron donor and
acceptor sides of electron transpart chain in PSII reaction center, and enhance the distributon of electron transparted fram PS11 1o
PSI as well. Consequently, the coordination between PSII and PS1 after anthesis was significantly improved, whach is conducive
1o the stability of photosynthetic performances during maize reproductive stage. The improvement of photosynihetic performances
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Cost-benefits Analysis of Maize Planting in Shandong
Province in 2016

Fu Ran, Hu Yuanfeng, Zhang Chunging
(College of Agronomy. Shandong A gricultural University, Tai'an 271018, Shandong)

Absiract: Based on related researches, the authors analyzed maize planting cost-benefits situation of
petty-farmer management and scale management in Shandong provinee in 2016, and pointed out that the scale
management of maize planting had more income space than petty-farmer management without considering the
land cost, while the land cost limited the development of large-scale maize planting under the background of the
purchasing and storage prices of maize and other grain falling down. At the same time, the authors also put
forward some suggestions on promoting cost saving and efficiency increase of maize planting in Shandong
province, such as raising the level of mechanization, using advanced and applicable technology, adjusting
planting structure of maize varieties, improving relevant policies, and other measures.

Key words; maize planting; cost-benefits analysis; mechanization; appropriate scale management;

Shandong province
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The Influence of Rhizobium, Ultrasonic and 2,4-D Treatment on
Wheat Seedling Growth
TIAN Hua-yang, DAI Yun-chi, ZHANG Xin, YANG Yan-lin, FENG De-shun”

College of Agronomy/Shandong Agricultural University, Tai'an 271000, China
Abstract: Using wheat seeds and seedlings as test materials, the effects of different treatments on the growth and
development of wheat roots were investigated by ultrasonic and rhizobiun treatment. The effects of different treatments on
chlorophyll and other biological indexes of wheat seedlings were investigated by using 2C4-D and rhizobium treatment. The
results showed that the ultrasonic and ultrasonic combined rhizobium treatment has a significant effect on wheat root length.
The treatment of pure rhizobia and the combination of 24-D and rhizobia could promote the chlorophyll content and wheat
seedlings growth,
Keywords: Rhizobium; ultrasonic; 2,4-D; wheat
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Effect of Late Sowing on Lodging Resistance and Grain Yield of Winter Wheat at Different Densities
Kﬂ.[l J\‘1 Il”}{x]‘T [()iél” ’l‘ﬂllr(:ng_, [;ll('l |“(:rlgr:l_, “‘Ill \zll”rl‘."§{T II:!I' x]‘ll[!ul_, I)Sli X]Ilglll"g
{College of Agronomy, Shandong Agricultural University/State Key Laboratory of Crop Biology, Tai” an Shandong 27101 8)
Abstract: Regular sowing date {October 10) and moderate late sowing date {October 20) were designed in this
study using a large—spike winter wheat variety (“lainong 187) as the experimental material. Furthermore, on
cach sowing date, three planting densities were designed at 2,25, 3.75 and 5.25 million planis/hm’
respeclively. The interactive elfeets of sowing date and planting density and their interactions on the grain
vield, culm height al the center of gravily (CHICG), culm mechanical strength of The sccond bhase inlernode
(CMS) and the culm lodging resistance index (CLRL) of winter wheat were studied 1o elavily the wegulation of
lale sowing an grain yicld and eulm lodging resistance of high—yield winter wheat. The resulis showed that the
interactive elfeel of sowing dale and planting densily signilicantly influenced the vield and lodging resistance
of winter wheal. Properly inereasing planting dengity 10 3.75 million planis/hm® could achicve high yield by
improving the number of spikes during cach sowing periad, and there was no significant difference helween the
lwo :-tm\-in;_; dates. Moderale lale .-'nwing inereased the CLRL of the winter wheal (:lmrmml.-‘]y in various l)hmling
densities. Under the late sowing condition, with the inerease of planting densily, the improvement of the CLLCG

and the reduction of the CMS were obviously lower than those of the conventional sowing date. Therelore, the
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(<F #1854 vhun' )5 #9369 £ NIRO T & i HiA 7.75 vhin', i dad = T 28R TS L5 G
AU ££(970.65 7 Mun’), A2 4530 (30.83 45 ) L 4% & 6 T4 A B 90(20.77 vh) A0 336 #(37.33%). B R
T EAR & 5 S A BIE A P B 3 el T M 28 S bhah B m il | BEAUS A R e e A
AR ) ST AL NIRO Stk F a2 #)00 d 8, HoF , SR £ 207 B S04 2 4 62.67%.5.71 ke/ke 9.1 ke/kg,
CHT. 9369 65 1 S E 5 50 h 63.65%.7.33 ke/ke  11.55 kg/kg, &4 Ak Tofe (LA AR A H AR, R R
IR AR A R A B A A AR AR B 6436 8,8 % 180 kg/hm’.

KGR R D A R AR, AT AR R

hE4S#ESS512.1+1 SREFRERD: A IS 1 cash 18090100

Nitrogen Fertilizer Level: Effects on Yield and Nitrogen Utilization of Strong Gluten Wheat
Bai llui', Zhang Xiu', Chu Jinpeng', Yu Lailao’, Yang Llongye', Xu Chenchen', Dai Xinglong'
{'College of Agronomy, Shandong Agricultural University, Taian Shanclong 271018;
Weifang Academy of Agricultural Sciences, Weifang Shancong 261041
Abstract: To clarily the optimal nitrogen fenilizer application which eould zimultaneously achicve high grain
vield and high nitrogen use efficieney (VUE), the lwo winler wheat eullivars with strong glulen, ‘ Jimai 207 and
‘Zhouyuan 9369°, were used as malerials. Five nilrogen levels ineluded 0, 120, 180, 240, 300 kg N/hm® were
sol. The (]J'}- maller aceumulalion and nilmg{:n conlenl were measured lhmugh (]r)-ing method and Kjl:ldah]
methad, and the relevant NUE indices were caleulated subsequently. The rezults showed that with the inercase
of the nitragen input, the yield inereased first and then deelined. “limai 207 had the highest yield at N180
{(7.28 Vhmw') and N240 (7.26 vhm’), mainly due to the balaneed yield components and higher dry matler
accumulation {averaged al 18.54 Vhm’). While ‘Zhouyuan 9369" reached Lhe highest vield (7.75 vhm') al
N180, mainly resulling from higher spikes per unil arca {970.65% 10%hnr’), kemels per spike (30.83 kernels/
spike), dry maller aceumulation (20.77 Vhm') and harvest index (37.33% ). Although the PFP, markedly
reduced along with the improved nitmgen level, the RE\, AE, and PE\ reached the highest value (62.67%.
571 kghkg, 9.1 kg/kg for “Jimai 207 and 63.65% . 7.33 keg/kg 11.55 kg/kg lor ‘Zhouyuan 93697,

BT E -l G i A R 2 R B BB BT R0 G B AR (N SLFOT).

HE—EEWE T NE L 1996 £ H L I AFFRAAEL B RS Tk, BAG MRk 271000 10455 4 4 i 1505 KT 61 5 5 Tel: 0538-8249796,
E-mail: 1 885386625861163.com.

AR R0, S VORTEE L ol AR A, T T T A 2 LI 3R 5 ™ (R R i St . AL Mok - 271000

A A R 61 B, Tel:0538-824401 8 , E-mail : xdaifasday edu.cn.
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Multi-environments and multi-models association mapping
identified candidate genes of lint percentage and seed index

in Gossypium hirsutum L.

®
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Abstract Upland cotton (Gossvpium hirsutum L) ac-
counts most of the natural fiber production worldwide.
Lint percentage (LP) and seed index (SI) are important
components of cotton fiber yield, which 15 a constant
breeding goal of cotion. So, the loci underpinning LF
and SI should be extensively dissected. Here, one
single-locus and four multi-locus genome-wide associ-
ation study (GWAS) models were employed o detect
candidate loci for lint percentage and seed index under
seven environments with 1'9% upland cofton accessions
and 41.815 single nucleotide polyvmorphism (SNF)
markers. Totally, 39 and 45 significant quantitative trait
locus (QTL) were identified in at least two environments

Huixian Xing. Yanchao Yuan and Haijun Zhang contributed
equally o this work.

Electronic supplementary material The online version of this
article (hitps:doi org/ 10100751 1032-01 9 1063-T) contains
supplementary material, which is available to suthorized users.

H. Xing - ¥. Yuan * H. Fhang < L. Wang - L. Mao < 1. Tao -
X. Wang - W. Feng - H. Wang - . Wang - Z. Wei -

X Liw - Z Li - X-L Song ()« X~ Sun (&)

Sute Key Laboratory of Crop Biology, Agronomy College,
Shandong Agricultural University, Taian, Shandong, China
c-mail: songx]99ME 163 .com

e-rnail: sunsed sdawedu.cn

Y. Yuan

College of Life Sciences, Key Lab of Plant Bistechnology in
Universities of Shandong Province, Qingdao A griculiural
University, Changcheng Road 700, Qingdao, China

G. Zhang
Heze Academy of Agricultural Sciences, Heze, China

or two models, including 24 previously reported (QTLs
amd six pleiotropic QTLs. Referred to the genome and
gene expression database of TM-1, 614 candidate genes
were detected for lint percentage and seed index, includ-
ing 103 genes preferentially expressed in fiber or ovule.
The gene Gh_A10GO3TE, functioned in potassium ion
tranisport, was considered to be related to lint percent-
age. Collectively, the associated markers and promising
genes detected herein will help to elucidate the genetic
architecture of lint percentage and facilitate fiber vield
improvemeant in cotton.

Keywords Genome-wide association study - Single-
locus and multi-locus models - SNP- Lint percentage -
Seed index - Cotton

Introduction

Upland cotton (Crossypiam hirsufum L) is an important
natural fiber and cash crop around the world, accounting
for 95% of total fiber production (Fang et al. 2017).
High fiber vield is a constant theme of cotion breeding
amd cultivation. Lint percentage (LP, the ratio of fiber
weight to seed cotton weight) and seed index (51, the
wedght of 100 seeds) are important components of fiber
vield. And LP and 51, which are closely related to fiber
vield improvement, are also the critical economic index-
es for cotton cultivar (Du et al. 2018; Huang et al. 2017,
Song et al. 2019). 5o, dissecting genetic variation and
genes underlying LP and SI is therefore essential.
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Comparisons of Chloropyll Fluorescence Parameters of Salvia Miltiorrhiza
Bunge and Salvia Miltiorrhiza Bunge var alba C.Y.

SUN Wen-shuai ,QIN Ning /WANG Fei, ZHANG Xiu-ting, Y1 Ling-fei, ZHU Li-xiang *
{ College of Agronomy, Shandong Agriculture University, Taian 271018, Chinal

Abstract: To clanfy Sahia milorrhiza Bunge from the perspective of chlorophiyll flucrescence yield haigher than S.miltiorrhiza Bunge var
alba C.Y, explore $.miltormbiza Bunge . S multiorriiza Bunge var alba C.Y. and chlorophiyll flucrescence differences inherent relatsonship,
in the shandong agrscaltural university agronomy experiment stations use portable pulse modulatson fluorometer m S.maltiareize growing
up fast determination of chlorophyl] flusrescence parame ters of keaves, and the comprehensive evaluation of fluorescence properises Resulis
show that S mifierriizg Bunge fluorescence.the largest PSI photochemical efficiency, the largest potential pholochemscal efficiency, the
aciual photochemical efficiency, PEII photochemical quenchmg is significantly higher than S.milticrrriza Bunge var alba C. Y, showed that
S.miliorrize Bunge photosynibetic electron transpont efficiency. photosynthetic capacity is higher than X miltorrhiza Bunge var alba C.Y.
Therefore, it was speculated that the important reason for the higher yield of mdix S.mitiarriiza was that the utilization rate of light energy
of & miltiarrhizs Bunge was higher than that of S.wéinorrhize Bunge var alba C. Y.

Key wonds: Sahae militorniiza Bunge:Chlorophyll fluorescence pphotosynthetic performance

8 (Salvia miltiarrhiza Bunge) 388, Bi&fris
hEEmBEATH. A8rTlFerEiw. 8
MfE. & . AL, B B SRR TR
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EuiE A £ B, AF A wRal
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fEnER, FEMRASRATE AR REYR®
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Effects of Intercropping Allium fistulosum on

Root Exudates of Platycodon grandiflorum
Wang Fei, Sun Wenshuai® , Zhang Xiuting, Yi Lingfei, Zhu Lixiang, Ge Chunmei, Sun Meiting
( Agronomy College, Shandong Agricultural University, Taian 271018, China)

Abstract To clarify the alleviating mechanism of continuous cropping obstacle of Platycodon grandiflo—
rum intercropped with Allium fistulosum, the plot of continuous cropping for 5 years was selected in this experi-
ment. There were five treatments: P. grandiflorum monoculture, A. fistulosum monoculture, and intercrop—
ping of P. grandiflorum with A. fistulosum at row ratio of 3:2, 4:2 and 5:2. 'The rhizosphere soil of different
treatments was collected by in situ soil sampling method, and the root exudates were extracted and analyzed by
GC — M8, The results showed that the relative content of 2, 2° — methylene bis — { 4 — methyl -6 - tert — bu-
tylphenol) in oot exudates of P. grandiflorum was 23.51% ~39.63% , and that was significantly higher in
the intercropped P. grandiflorum than that in monoculture. The relative contents of squalene, beta — sitosterol,
saponin sterol, henzothiazole and 2 - methylthiobenzothiazole in intercropped P. grandiflorum increased, and
the relative contents of quinoline, dibenzylamine, N - (1,3 - dimethylbutyl}) — N* - phenylp — phenylene - di-
amine also increased, while the relative contents of hexatriacontane, N, N - dimethyldodecamide, styrene,

pentadecane and heptadecane decreased, which effectively changed the soil microenvironment of intercrop—

ik H E-2019-06-29
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WA FRFE, ¥, 271018

* SRR
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i E MFHE(Sdvia miltiorthiza Bunge) P 5 | A A FEEE P450 BE SmCYP7ID41L L, KR EWER
SE W TriE A ZFEE AT PR AR AL SUI R R A 47 FREUTT AR SR RNA J5 Tl oDNA, R 33
SmCYP7ID411 1 A, W w S A i, FIE £ 5 80 ir i S & mek . 450, FFFE Sou e e
SER PCR HHT TAARREF TN SmCYP7ID411.1 cDNA 245 1 539 bp, 4565 498 NS HLFE, MM 4+
JE R S6 541.42 Da, BB N 7.67. WA T THSEEEER, ARE, HEEEHS. Sm-
CYP7ID411.1 TERAE PR ER R, RFFATEGR — IR SmCYP7ID4ILL, FF#IT T EWER
EAPHT PR Z A N T e T — 2 A

RBtiA FFE(Salvia miltiorrhiza), WHLEE paso 2£F, BE T, £915 82200, 996E & PCR

Cloning and Bioinformatics Analysis of a New Salvia miltiorrhiza CYP450

Zhang Lin*  Yin Yugi © Bian Yang Lin Caicai Zhou Changhao Song Zhenqgiao ™
Agronomy College, Shandong Agricultural University, Tai'an, 271018

* These authors contributed equally to this work

*= Corresponding author, szqsdan@]63.com

DOIL: 10.13417/.gab.039.005718

Abstract To clone a new cytochrome P450) gene SmCYP71D411.1 from Salvia miltiorrhiza Bunge and analyze
the sequence and lissue expression characteristics of the gene using biomformatics. After extracting the total RNA
from Salvia miltiorrhiza Tool, it was reversed to ¢cDNA, and the total length of the SmCY P71D411.1 gene was ob-
tained through transcription group database screening. The open reading box and translated amino acid sequence
were obtained using NCBI ORF finder. The primer was designed for PCR amplification and the Kron recombinant
plasmid was constructed. Using biological information analysis to predict protein properties and structures. Tissue
expression specificity was analyzed by fluorescence quantitative PCR. The SmCY P710411.1 ¢DNA obtained by
cloning had a total length of 1 539 bp, encoding 498 amino acids, relative molecular mass of 56 541.42 Da, and
theoretical isoelectric point of 7.67. Subcellular localization was found in thylakoid membrane, eytoplasm chloro-
plast matrix of chloroplast, etc. The expression of SmCY P71D411.] was highest in the rind. A new gene, Sm-
CYP710411.1, was obtained by cloning, and bioinformatics analysis was carried out, which provides a foundation
for further verification of the gene's function.

Keywords Salvia miltiorrhiza, Cytochrome P450 gene, Gene cloning, Bioinformatics analysis, Fluorescent quan-

titative PCR
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B PRAE, TR R R G IRE RAR 61.4%, IE R R MERECh, P2 Ho PO f0 P1 ARFRAY 2 ST B AR AR 8.4%F0
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Increasing phosphate fertilizer application to improve photosynthetic capacity
and vield of summer soybean in weak light environment

ZHAO Wei™", ZHEN Tian-Yue"™, ZHANG Zi-Shan®, XU Zheng'. GAO Da-Peng!, DING Cong'. LIU Peng!,
LI Geng"”, and NING Tang-Yuan""

! Agronomy College, Shandong Agricultural University / State Key Laboratory of Crop Biology, Tai’an 271018, Shandong, China; * Life Science
College, Shandong Agricultural University, Tai*an 271018, Shandong, China

Abstract: In order to study the effect of phosphate fertilizer application on the photosynthetic characteristics of summer sovbean
in weak light environment, two light treatments [normal hight (L.1) and weak light {L.2)] with three phosphate fertilizer treatments
including non-phosphate fertilizer application (P0), conventional phosphate fertilizer application (P1), and excessive-phosphate
fertilizer application (P2) in each light treatment were set up to measure the gas exchange, chlorophyll a fluorescence differences
of photesynthetic performance as well as the vield and its components in Qihuang 34. The vield reduced significantly in weak
light treatment, with an average of 61.4% in two years lower than that under the normal light. The 2-year average vield of P2 was
8.4% and 3.2% higher than that of PO and P1 respectively under the normal light, but 21.7% and 12.2% higher than PO and P1 in

F01 77 b 3 30 A8 A RITT E (2016 YFDO0300205), [ & @454 5 &7 H(31401339), EH L 8 T RS L me®mE
(201503130, 201503121)% Bh.
This study was supported by the National Key Research and Development Program of China National (2016YFD0300205), the National
Natural Science Foundation of China (31401339, and the China Special Fund for Agro-scientific Research in the Public Interest (201503130,
201503121).
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0538 8242653
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Rice

Open Access

OsHsfB4d Binds the Promoter and
Regulates the Expression of OsHsp18.0-Cl to

®

S e
updines

Resistant Against Xanthomonas Oryzae

Wi Yang ™, Yanhu Ju™ Liping Zua™, Luyue Shang™, Xinru L, Xisoming Li? Shangeang Feng®,

¥inhua Ding™ and Zhachui Chu™ @

Abstract

BLS and BB resistance in rice.

Background: Bacrerial leaf streak (BLS) and bacrerial blight (BE) are teso majar pravalent and devasiting rice
bactenal dissases caused by the Gem-negative bactera of Xonthomaonas anege pv. on@cola (Ko and
KXanthomonas ongae v, onaze (4oo), Bspecthely. Freviously, we identified a dafencerelated (DR gene encoding a
small heat shock protein, OsHsn 18000, that posithaly regulates BLS and BB resistance in rice

Results: To =vaal the regulatory mechanzm of the JeHsp T 8040 resporse 10 ¥oo and Xoo, we characterzed the
class B heat shock factor (Hsfl, OsHsfBad, through tanscriptional analysis and a tersgenic study. OsHsfBdd is
upreguilated post inooulation by efther the Xoo strain B5106 or Xoo stain PXOaE in Zhonghua 11 (wilkd type,
ZH11) a8 weell & in OsHep 8040 overexpressing rice plants Transient expression of OsHefBdd can actvate the
expresion of green fluorsscent protein (GFF) and lucfemse {Lud) via the sHspl 80401 promoter. Rice plants
owvenewpreasing sk B4 exhibied enhanced resistance to R5105 and PRXOS%E a8 well 28 increased esxpression of
Oehsp 180-0 and pathogenssis-radated genes. Furthemmare, we found that OsHsBAd directly binds to a DA
fagment carnying the anly perisc heat shack element (HSE) in the promater of OsHsp ig0-01

Condusiore Overall, we reveal that OsHEBA, a class B He, aors a3 a positve mgulatar of OeHsp 1040 1o med late

Keywords: Daferse respanse, Heat shack facior, Heat shock protein, Onege sonia, Santhomonas anzae

.

Badkground

Rice is an imporiant gaple crop worldwide that repre-
senits B of tolal grain output and nearly 80% of global
Fowind comsumption {Sharma et al. 20013, However, il has
been shown o suffer more than 70 disesses cavsed by
Tungi, bacteda, vinesss and nematodes  during  nce
growlh (M- Liv et al 2006; Ke et al 2007 Ther are
tw major bacterial diseases, bacterial blight (BB) and
bacterial leal streak (BLS), caused by the gram-negative
bactera Xanthomonas oryzae that fesguently occur in
rce. BB is camsed by Xamthomonas oryzae py. oryzae,

* Comesporckance: drdingd sdaicducn, aagrdeicdu o

"5 oy Lanorancey of (Croq Bindodyy, Samcbneg Aopinuinueal Universng, Ta"
an 2710 Shandong, PROCFRG

Full lisn of soe Infoematlon & salabde gt o and of the amide

@ Springer Open

which enters imo the doe leal through hydathodes or
wounds and colonizes in the xdem vesels. But BLS is
cased by Manthomonas oryzae pv. onyzicoks (o), which
peretrates into the leal throwgh somata or wownds and
coloniees the interellular space of leal tisswe and fnally
resulis in waler-soaked siripe ledons (Mifo-Lio e al
2006 Ko et al 2017; Ju et al. 2007 Cumrently, BB is well
studied lor host resistance. Over 4 major reddance genes
and 30 defense-rebied [DE) genes v identified o oon-
trl the race-specific or specirum eddance o Xoo Bo-
bites (Ke et al. 2007 Ju et al 2007 BLS i becoming a
major Comcern dise boils high prevalence and seriowsly al-
Fecting the vield and gquality of dee production (o o al
2000 Fhang e al 2005 To date, omly the Xol locws
which encodes a pulative receplor, has been reported Lo

& Thie Aty AL Dt & el Thi 5 cartichs § 5 0o rmead) wivodior & Croative Cosivomers. STl o 4 10 b it Liconss,
which permins us, sharing adapratien, diribu on ad reproducionin any medium o fomat, a6 long o gve
e e crodit oo the crginal s ad the e, provids & link oo dhe Chia v Cemmes | e, wd indcae T

iaigais, e iaackis, Theo iagecs of ofier thiind] ety reteriad it stk afe inclidiod in the amdet Creathe Do inans
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Influence of Fertigation Integrated Cultivation of
Salvia miltiorrhiza on Weed Biomass

Tian Yue, Song Jiyuan, Lai Minyi, Song Zhengiao

{ College of Agronomy , Shandong Agricultural University, Tafan 271018, China)

Abstract The experiment explored the influence of fertigation integrated cultivation under film and tradi-

tional cultivation by open ditch irrigation on the growth of weeds in the field of Salvie miltiorrhiza. The results

showed that the density and biomass of weed were obviously lower under fertigation integrated cultivation com—

pared with traditional cultivation, and the biomass decreased by 51. 48% . Fertigation integrated cultivation

could not only reduce the grass damage, but also save the cost and increase the efficiency.

Keywords
density

AZEREEEFEPEH, B ERE TS
B, T TR B, AT I8 i A2
R WHREERD S EE W, &
ST R R A M, 1 R — S R K IR VR
WiRsE, Fn SEAENE, 53 HEK. 0,
o B R L fErh 2R R o, de s
R R ZH R SR REFRSNRERE,
3l 6 T LA 13 i B B0 B e 1L TS R

AT R B ST A BREDT 7 i, L P 2SR R

X e 25 AU HE R A P RERUSE BRI FR B S
RN A B BT LA S P AR, b 3T B
A DRV .

JBE T ACHE — (A Al R 5 fE k2 7K BB e 2K L 5

44k B $1:2020-05-20

Salvia miltiorrhiza; Fertigation integrated cultivation under film; Biomass of weeds; Weed

HHERERRED AR R AR
WE A | R EET LA HOM I A
TEE AR RS LA . HITR TR
BT A0 AR AR T AR . A
WFST A A0 T FA ORI R A — bl
FER TR B RBEE R R EK R
— AL RSy B R BN, Sy P B R R
S TEB LR

1 W55 %
L1 R #R

FFE RS F AT 5l MR 3 2
B B T AR AR (& N 46.4%) LI B EE

HEHTEH: LAEELHAS LS B ZR0IOHMOS ) ;oL & o 5 o740 5 2 B (20100YX2021); Bl 24 A% £ 4 #742k SRT A |

( 5201910434035)

WP ARIFO1976—) . £ W4 HE FRI A ARG EHEER SR P HERFLEFM. E - mail: szqedau@ 163. com

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net


怂
Highlight


S HYE R, 2020 45, 58 18 %, 5 21 B, 8 7015-7022 T
Molecular Plant Breeding, 2020, Vol .18, No.21, 7015-7022

WrFiAR &
Research Report

REL Ly =m0 5 S 40 3 B

MEEHEF! WiTE k& P EE? ERY! B BWWe kior! Exfmr
1 L HRIMF A A e B AR, B0, 221116, 2 AR A A4 iR, 3842, 271018; 3 B U BR AR A5 A0k TR 4%, #8455, 261061
* il {EE#H, wengianh@jsnu.edu.cn

# OE FIEHESA R (RNA-Seq)d A L2285 ALS/78 7E 200 mmol/L NaCl A THEHLEREA 0 h 1
96 h HEAT TR AT, GEFRM. BEHEE T FIHR T EZRIENE R ELE(DEGs) 454 546 ~F1
876 ;GO BT AL DEGs ZEHEA AL E 40 il 72 | a0 ks | AL IS il 2 KEGG
&R R, DEGs 2B S REEARED & A BB EY AN EDEEESH TS ER, HidR
DEGs AT E 7R, LEET 41 SR T, EEEFE WRKY .MYB.bHLH NAC F1 HSP %2551 F
H S 52 36 2 7 PCR (qQRT-PCRYA DEGs #HAT 7 R IEE AT, BRI 5 RNA-Seq M5 45 52, 4EmH T
RNA-Seq &5 BLAMEREME . AT 50O 384N L 35 T 2L A N 3 00k 77 B 1 ki

| '\F‘-%(Aﬂg(h;ps tauschii), 2 A, = 3|

Transcriptome Analysis of A egilops tauschii in Response to Salt Stress

3

Shi Tianye ' Gu Yulan' Zhang Lei' YinHuayan® TangHeng® Ping Yanfei' MuRuyu® Mu Keqing
Zhang Wenwen *  Hou Wengian "

1 School of Life Sciences, Jiangsy Normal University, Xuzhou, 221116; 2 College of Agronomy, Shandong Agricultural University, Taian, 271018,
School of Biological and Agricultural Engineering, Weifang College, Weifang, 261061

* Corresponding author, wengianh@jsnu.edu.cn

DOL 10.13271/.mpb.018.007015

Abstract Transcriptomic analysis of crude goatgrass 'AL8/78' was performed using RNA-Seq technology in
200 mmol/Ll. NaCl, which simulated salt stress for 0 h and 96 h artificially. The results showed that 546 genes were
up-regulated and 876 genes were down-regulated under salt stress. GO enrichment analysis showed that DEGs
were mainly involved in biological processes like metabolic process, cellular process, cellular junction and catalytic
activity. KEGG enrichment analysis showed that DEGs were mainly involved in pathways such as phenylalanine
metabolism, flavonoid biosynthesis and plant hormone signal transduction. 41 transcription factors were annotated
in all DEGs including WRKY, MYB, bHLH, NAC and HSP. The expression pattern of DEGs were identified by
qRT-PCR, which demonstrated the accuracy of RNA-Seq as the change of DEGs were the same between
RNA-Seq and qRT-PCR. This research will provide theoretical basis for gene identification of Aegilops tauschii
resistance Lo salt stress.

Keywords Aegilops tauschii, Salt stress, Transcriptome
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Research Progress on Testa Color of Peanut
Wu Zixuan', Xue Qigin'”*,Yang Hui', Liu Fengzhen'
(1. College of Agronomy, Shandong Agriculiural University/State Key Laboratory of Crop Biology, Taian 271018, China;
2. Weifang University of Science and Technology , Shouguang 262700, China)

Abstract Peanut (Arachis hypogaea L. ) testa is developed from the pearl, which is divided into three
layers. The outer epidermis is a layer of thick-walled cells, the middle layer is a number of thin-walled cells,
and the inner epidermis is a layer of thin-walled cells. The pigment substances in the testa are mainly distribu-
ted in the 1 ~2 layers of epidermal cells. Testa color is an important trait that determines the commodity and
health value of peanut. The research progresses of peanut testa color types, nutritional efficacy of different col-
orful testa, color changes and pigment deposition during testa development, inheritance and genetic mapping
of testa color were summerized in this paper, and the future research were also prospected.

Keywords Peanut;Testa color;Pigment
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Influence of Rainfall After Pollination on Seed and Kernel
Traits of Maize Hybrid
Qu Sifan’, Ma Yi’ a0, Liu Niﬂgﬂﬂ , Wang Benfeﬂgz , Zhang (',hlmq{ng] , Wu (".henglai]

(L. Ag y College, Shandong Agriculiural University/National Key Laboratory of Crop Bislogy, Tatan 271018, China;
2. Shandong Zhongnong Tiantai Seed Industry Co. , Ltd. |, Pingyi 273300, China)

Abstract The effects of rainfall with different intervals { simulating rainfall with artificial water spray)
after pollination on maize yield and grain traits were studied by using Zhengdan 958 as experimental material.
The results showed that rainfall after pollination significantly reduced the yield, ear length and ear diameter of
maize hybrid, and the yield was decreased by 65.82% (0 h) , 54.36% (1 h) , 42.07% {2 h) , 35.75%
{6h),29.49% (12 h) and 12.03% (24 h} compared with the control. Compared with the control, the ear
fruiting decreased, the hundred grain weight increased, the relative content of grain protein increased by 3. 4
percentage points ( 0 h} , and the relative content of grain starch decreased by 3. 35 percentage points ( 0 h}
with rainfall after pollination. It could be seen that rainfall after pollination had significant effects on maize
yield and grain traits. Although rainfall increased the relative content of protein, it caused economic losses due
to the decrease of seed setting rate and kernel rate.

Keywords Rainfall after pollination; Maize; Ear fruiting; Yield: Grain quality
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Germination characteristics of maize seeds with high and low-
vigour levels in response to on-farm seed priming

Yingchun Su', Guorni Fan', Jiahui Sun'. Linmas Zhao'** and Chunging £hang"**

! Siate Key Laboratory of Crop Bislogy, Agronomy College, Shandvag Agreuliural Universigy, Tar"an,
Shandong Frovince, China

6| Daipong Sreet, Toian, Shandong Provines, 271018, China
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(Submitied Sy 2020 Accemied Auguse 021, Fublished online September 201 )

Abstract

On-Brm seed proming, which refers 10 scaking seeds i waler, 15 a pre-sowing seed wahancement tochngus
in agricalivre production. This study aimed 1o investigaie the effecis of on-famm priming on the gemmination
perfomance of mawee seeds with diflevent vigour levels. Two matee hybnds amd four inbred hoes wene imsed
as expenmental materials. Soakmg ircatment 8ignificastly deercased thwe final germination percontage of low-
vigoar seeds and had no beneficial effecis on high-vigour seeds. With onger soaking times, the reduction in
germination incrensad amd there was o positive, negative of neutral effect of water soaking oo the germinatxn
index. The respomses ol seeds o0 onfam paming vaned amosg Che diffesent bybeed { inbeed lines wed amd
depending on the leapih of the restment. Redecing mbibition damage by PEG soaking had Intle impact on the
pioar gemmination induced by soaking in water. Removal of the seed perncam allevisted the negative effects of
spaking on germination This sdy has demansgrated, Tor the Gest e, the dilTenzotal effects of waler sodkmg
on maize seeds with different vigour levels. Ohar resulis sugpgesied that all isfliencing factos, such &3 such as
seed imitial physiological quality and the iechrological process. need 1o be considerad vo realize the fall poiential
of primmg.

Keywords: germanation index, germmation percenloge. maize, seed priming. seed vigour, soaking freaiment

Intraduction

Maize (fea mays L.) is one of the most important crops used for human food and anmal
feed worldwide. High-guality seeds lead to good harvests. Seed vigour, an imporiant index
used to evaluate seed quality, determimes the rate and uniformity of seed germination and
seedling prowth (ISTA, 2014). High-vigour seeds that exhibit rapid and uniform seed
germination and vigorous field seedling emergence are vital to achieve high crop vields
to meet the rising ghobal demand for food (Rosegrant er @l 1995; Finch-Savage and

Bassel, 2015). Mmze is a well-spaced crop and, m the absence of tillering, emergence
fatlure means redured vield Thos high vigoor mniee seeds ore of arent stani fieones Ba
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Improving photosynthetic performance and yield of summer soybean by
organic fertilizer application and increasing plant density
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ZHAO Wei', LI Geng', NING Tang-yuan'*
( 1 Agronomy College, Shandong Agricultural University / State Key Laboratory of Crop Biology / Key Laboratory of Water
Physiology and Drought-Tolerance Germplasm Improvement, Ministry of Agriculture and Rural Affairs, Tai’an, Shandong 271018,
China; 2 Jilin Agricultural University, Changchun, Jilin 130118, China )
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Newly recorded species of gamasid mites in Yongxing Island in Hainan

province, China (Acari: Mesostigmata)
ZHANG Qian', YANG Rui-rui', XIE Li-xia', CAI Bo™, YAN Yi'
| Shandong Provincial Key Laboratory for Biology of Vegetable Diseases and Insect Pests,College of Plant Protection,
Shandong Agricultural University, Tai'an 271018, Shandong Province, China; 2 Haikou Customs; 3 Hainan Province
Engineering Research Center for Quarantine,Prevention and Control of Exotic Pests
Corresponding authors: CAL Bo, Email: caibohneiq@l 63.com; Email: YAN Yi, miteyy@163.com
Supported by the Funds for National Natural Scicnces Foundation of China (No. 31501847), Key Rescarch and Development
Program of Hainan Province (No. ZDYF2017056) and the Key Rescarch and Development Program of Shandong Provinee
(No. 2016GNC110012).
Abstract: In order to investigate the biodiversity of gamasid mites in Yongxing Island of Sansha in Hainan provinee, China,
gamasid mite speeimens were collected in the soil around Yongxing Island in 2017, According to morphological taxonomy,
there were four newly recorded species of gamasid mites in Hainan provinee, i.c., Stratiolaelaps scimitus (Womersley, 1956),
Gymnolaelaps weishanensis (Gu & Guo, 1997), Cosmolaelaps hrdyi (Samgindak, 1961), and Parasitus wentinghuani (Ma,
1995). The specimens arce deposited in Laboratory of Systematic and Applicd Acarology, Shandong Agricultural University.
Key words: Mesostigmata; Gamasid mite; Newly recorded species of Hainan provinee; Yongxing Island; Sansha
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Research Status and Prospect of Flupyradifurone, a New Neonicotinoid

Insecticide
LI Chen-yu®, ZANG Chuan-jiang®, ZHU Shao-jie’, ZOU Nan®, LIN Jin*, MU Wei*

(Shandong Agricultural University a.College of Plant Protection;
b.Key Laboratory of Pesticide Toxicology and Application Technique, Tai'an 271018, Shandong, China)

Abstract:

environmental risks for the pollinating insects such as bees. Newly developed neonicotinoid insecticide,

The conventional neonicotinoid insecticides (e.g. imidacloprid and thiamethoxam) have certain
flupyradifurone, can effectively manage sucking insects and it also has low toxicity to pollinating insects and other
non-target creatures in the environment. The physicochemical properties, molecular structure, mode of action,
preparation products, field efficacy, environmental security and analysis methods of flupyradifurone are

comprehensively elaborated, along with its application prospect.

Key words: neonicotinoid insecticide; flupyradifurone; mode of action; environmental security

EESERAEETHKTIBNRY, FERERLN
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(pHIE#4),30 gLpHE AT, ERERBRENT gL, B
BFCBZEMPE, H&KEMREEKA259 nm,

H£2EWME . BREARMERE B (31772203); B R E S HZITLI(2016 YFDOG00307); {E 4147 37 B R 2045 & %l B IR IR B (TS11545)
EEEN . ERMA997—), B, WK MIEA EWRP LU, E-mail: luckyrain1 997@163.com,
BIRES  HEA978—), %, O/ Z&8 A, B L, XRFH AR FARGFESHEZEE TN, E mil linjin@sdau.edu.cn.



W& &k # ¥ 2019,51(4) 1139 ~ 143 Shandong Agricultural Sciences

DOI10. 14083/j. issn. 1001 —4942.2019.04. 027

HEBEMNMEYEERLZERE
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(I WRRA A FHEMRPER, WK RE 271018
2 WARKGFAE A RARFA 5 A8, WK ik 276000)

MEAEERBZEFREDHME NARERE (0.0.1.0.2.0.4.0.8.1.6 mg * L") MEHEKBBHFES
#GA) MR E MG E KB EEE LS ENSN. SREV BERSRREMNEN BEHENEYE
MR RG2S INERIREE . RUFRE, 0.2 mg « L AP H B AMPIR AR RIE 0, JF R BN A it
AT ENRTE, SRS BRI 7.26% ~127.27% 8.54% ~174.73% i 0.8.1.6 mg * L' F SR LK
WEFEAEDH B EMEBMRRFT A . MEASRREMEN AERAZREFERENEROEYE, &
LBRAEREE 0 2mg L' FEZLEKECLBEEZEMASREKE REAV RENREHE
AR, LIRS AL R 4. 46% ~57.83% 2.34% ~51.97% 14.44% ~ 168.35% «14. 59% ~ 109. 78% «
17.73% ~121.85% . [£4h,0.2 mg + L' R EHLIPEEIT S M 0T SOD.POD #1 CAT 544, BEIE MDA &
2,800t H SPAD A, RAXEGHM. EEAREH T AEEREREFRPFNNSSRREREAR
0.2mg+ L7,

KR AEEFER ASHR OEERK EEEL
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Effects of Gibberellin on Growth and Development and Physiological

and Biochemical Characteristics of Tobacco Seedlings
Zhu Zhenguo', Zhou Guangmiao', Tan Xiaolei®, Song Qingsong®, Zhang Jianlong’,
Wen Liangz, Yan Shi?, Liu Haoqil, Zhang Li', Hou Xin'
(1. College of Plant Protection, Shandong Agricultural University, Taian 271018, China;
2. Yishui Branch of Shandong Linyi Tobacco Company, Yishui 276000, China)

Abstract Plant growth regulators gibberellins with six different concentrations (0, 0.1, 0.2, 0.4,
0.8, 1.6 mg « L ') were added into Hoagland nutrient solution to study their effects on the growth and physi-
ological and biochemical characteristics of tobacco seedlings. The results showed that with the increase of gib-
berellin concentration, the biomass and root index of tobacco seedlings increased firstly and then decreased.
Compared with the other treatments, the treatment with 0.2 mg * L ' gibberellin increased root vitality, and
significantly increased shoot dry weight and root dry weight of the tobacco seedlings with the corresponding in—
crements of 7.26% ~127.27% and 8.54% ~174.73% , respectively. Compared with the control group, 0.8
and 1.6 mg * L 'gibberellin treatments reduced the biomass and root activity of tobacco seedlings. With the
Y5 A HA2018-12-11
HEWAE P EMRES AR RS AR T LR A (2018371300270154) AR A Z B LREEETE (015 -76514) F\LARR I KEFE

PHLBIFMEEIRE (015 -23818) IR BIAR M 7= B2 A 8 R 603 HI A &0 B (SDAIT -25 - 1)
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{ZRk (1983—) , 5B, #0p, T ENBMEH IS AFERAZ AR . E - mail! houxin. sdau@ 163. com
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1 WRRRZEDERYF 2R, LR FEE 271018

2. EMRIVKEEHAEHABET L TREAAF L, FH KE 130118
# E: HEAYEESES L RABECEMETHE, EECHEMELASIRPEEEKANK . AERERA.
FHit, AICRBIEZRESZE UNREGEELBNEYEANERE, RURCERNEFRERS REZFREE,
REFFLERK, EEANFHELENEMERABR, RN TESEREESFHIRE. RRERER, VHER
HIBAEE R T AE KW 3%, E2%, B 0.5%, FER 547 0.15%, MERE 0.2%; REERFFUHHE
JE23°C, pHS, #5% 200 v/min, 250 mL = ARIEERE S 150mL.
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Optimization of the Screening and Culture Conditions of the
Liquefied Spawn of Agaricus bisporus

YANG Yang'?, MENG Li'"

1. College of Plant Protection/Shandong Agricultural University, Tai’an 271018, China

2. Engineering Research Center of Chinese Ministry of Education for Edible and Medicinal Fungi/Jilin Agricultural
University, Changchun 130118, China

Abstract: At present, the solid spawn is widely used in the cultivation of 4garicus bisporus in China. However, the growth

cycle of solid spawn is very long and the efficient is low. Therefore, the orthogonal test method was used in this paper, taking

the biomass of mycelium of Agaricus bisporus as the measurement index, the medium formulation and culture conditions of

liquefied spawn were optimized to promote the growth of mycelium, the biomass of mycelium was maximized in a short time,

this made up for the deficiency of solid spawn in production. The results illustrated the best medium formula was composed

of 3% corn starch, 2% sucrose, 0.5% yeast powder, 0.15% potassium dihydrogen phosphate and 0.2% magnesium sulfate.

The optimum culture conditions were as follows: temperature 23 °C, pH 5, rotational speed 200 r / min, the optimal volume

of liquid in 250ml triangular bottle 150 mL.

Keywords: Agaricus bisporus; liquefied spawn ; mycelial biomass; orthogonal experiment
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i B RAREEREINE BT R EARRETIERZRE, WEZKEE AN B, WAT iRk & BE IR E
BR AT AR T A T H RN L B R G T IS5 B 5 AEE R 20 o/L, B4 15 ¢/L, KH,PO, 2 ¢/L, MgSO,*
TH0 0.5 g/l t— &3 ERZIR I 48 R HFA T IERPILEL SRSt AR KBS .
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Optimization of Fermentation Medium for Liquid Spawn of Pleurotus djamor
MENG Li', SONG Chao—qun', WU Bao-jie?, WANG Li*"
(1. College of Plant Protection, Shandong Agricultural University, Tai’an 271018, Shandong, China;
2. Hutun Town Agricultural Technology Promotion Station, Liaocheng 252121, Shandong, China)
Abstract: The liquid fermentation medium of Pleurotus djamor in submerged culture was studied according to
the index of mycelium dry weight by single factor experiment and orthogonal experiment. The result showed that

the optimum fermentation medium for liquid spawn of Pleurotus djamor was glucose 20 g/L, yeast extract 15 g/L,

KH,PO, 2 g/L., MgS04+ 7H,0 0.5 g/L, and we verify it through experiment.

Key words: Pleurotus djamor: liquid medium: carbon source: nifrogen source; optimization

51348
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MENG Li, SONG Chaoqun, WU Baojie, et al. Optimization of Fermentation Medium for Liquid Spawn of Pleurotus djamorJ].

Food Research and Development, 2018, 39 ® :169-171
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HEEMBEE2 MLESBVMNEERARFT 7

1,24 »= 1# i T 1 = A1 1,2
REAT ASEY EEE HEFR BEFE ,FHXK
(MURR IR FED R FRENREFMRE, R 271018, 2 WARER I RN BELLWE, Fek 271018)

HE: HEIEM R E( Sugarcane mosaic virus ,SCMV) Z5[ERE ERBEEMHEHNEIERS . AXALURFRRRER 24
FRIBEFEMAER BRSNS (4544 DWKL 0 DWK2) ,i#id RT-PCR ¥ 184 H R4 F B IFE T HF5)( GenBank
BFE 24004 KULT1814 #1 KUI71815) . FFFI 4 #4580, DWKI #1 DWK2 HEMA K514 9 575 #1 9 576 Mgk
( nucleotides ,nt) , FFRLGEHEL A 9 192 nt, FifiS 3 063 NMEE MM S RED. DWKIF DWK2 MERXEAZT R —HE
4 81.7% ,DWK1 S51L# 4y 254 SX( AYS569692) M#ZH M —BER S, H 90.9%; DWK2 554y 2549 BDS( IN021933) #%
HR—HERS. A 994%. —EERGHEHMP S ABBEY [AMNVA. SAHH LM, DWKI 2 HN( AF494510) .
Guangdong( AJ310105) #1 BD8 3 N B EAN. EEENSFFRE,SCMV LLANEAM 4/ BENF LIEL TR
WEHE L BFE PL.P3F0 CP R FEE RIS . AMRERAAHERMTFSHRANENREHEREERES.

KR SHRBAFF; RELZESN; BEASN, HEETRES

Complete genomic sequence and analysis of two Sugarcane mosaic virus isolates
from Shandong Province, China CHENG De<ie"?, YAN Zhiyong', HUANG Xian-de', TIAN
Yan-ping’, YUAN Xue-feng’, LI Xiang-dong”? (' Laboratory of Plant Virology, College of Plant Protection,
Shandong Agricultural University, Tai’ an 271018, China; > Shandong Provincial Key Laboratory of Agricultural Microbiology ,
Tai” an 271018, China)

Abstract: Sugarcane mosaic virus ( SCMV) is the major virus causing maize dwarf mosaic disease in China.
We collected two maize samples showing dwarf mosaic symptoms from Tai” an, Shandong province. The causing
pathogens were designated as DWK1 and DWK2, respectively. RT-PCR was performed to obtain the complete
genomic sequences of the two isolates, and sequence analysis showed that the fulldength genome of DWKI1 and
DWK2 ( GenBank accession numbers KU171814 and KU171815) were 9 575 and 9 576 nucleotides ( nt) , re—
spectively , which contain an open reading frame of 9 192 nt in length, encoding a putative polyprotein of 3 063
amino acids. The complete genome of DWK1 and DWK2 shared an identity of 81.7% at the nt level. DWK1 had
the highest identity of 90.9% with isolate SX ( AY569692) from Shanxi province, while DWK2 had the highest
identity of 99.4% with isolate BD8 ( JNO21933) from Baoding of Hebei province. Phylogenetic tree was
constructed based on the complete genomic sequences of different SCMV isolates, showing that DWK1 and
DWK2 were clustered into groups I and IV, respectively. Recombination analysis indicated that DWK1 was a
recombinant of the HN ( AF494510) , Guangdong ( AJ310105) and BDS8 isolates. The dy /dsvalues of all proteins
were < 1.0, indicating that all the 10 proteins of SCMV were under negative selection. However, amino acids

under positive selection were detected in P1, P3 and CP. Our results provide valuable information for the

g5 EHA: 2016-08-04; fEEIAHE: 2016-12-01; LK BARRTIE): 2016-12-02
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 E [EH®N] A0%EEEEBRRT I IEEESE/ NE Nasonia vitripennis ( Walker ) HEREHU{A K
AR AR EMEE, NIRRT R EEHT 2R [5E] RAARREKE ., REEFRE
NSRRI IR & /D RN, WIRF TR AR SS Frk (1TS BREFS) ) #
%5, [ER] BRAEIREES/NEHE . BRI EHEE 49 FEE, FRTFEE], SET
(TR ERAEN, HEEN, BEEN. FEEAN, & 10 &, HPLSEERE (dliternaria). HHR
( Cladosporium ), HHBER (Penicillium) FLHE . [410) TR S/ NEEN TR EEDFEE,
EREZ TSR, RERSTREN., ARG REUERY . A RWBHES/NERA IR ERRES
ML ERNEERE,
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Effect of different foods on the fungal community cultured from adult
female and male Nasonia vitripennis (Walker)

*

SONG Xiu-Feng”" DUAN Ru-Xin"~ WANG Ning-Xin""

(Shandong Provincial Key Laboratory for Biology of Vegetable Diseases and Insect Pests, College of Plant Protection,
Shandong Agricultural University, Tai’an 271000, China)

Abstract [Objectives] To clarify the effect of different foods on the fungal community of adult male and female Nasonia
vitripennis (Walker). [Methods] We cultured fungi from N. vitripennis after feeding them with different concentration and
dilution plate techniques, and different media, and quantified the results using both morphological and molecular (ITS gene)
methods. [Results] Forty-nine different fungal species were isolated from male and female adults of N. vitripennis before
and after feeding. These were classified into 4 classes (Dothideomycetes, Eurotiomycetes, Leotiomycetes, Ascomycetes) and
10 genera of Ascomycota. The predominant genera were Alternaria, Cladosporium and Penicillium. [Conclusion] Males had
a greater number of fungal species than females, and more fungi were cultured after feeding than before. These results indicate
that food and the gender are important factors affecting fungi that can be cultured from N. vitripennis.

Key words Nasonia vitripennis, culturable fungi, feeding, gender, diversity
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HEEATERALIE .24 h FIAERE 6 PR RFIR MM 4 B AR RIBE DM . BRK 0, WA R A &
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Effects of Six Insecticides on Root Activity of

Platycladus orientalis

Xu Hui', Zhang Pengfei' , Fu Tiantian’, Wang Lichao® , Zheng Jie’, Li Peiyu®, Qu Aijun’

( 1. Shangdong Rural Medicine Forest, Taian 271000, China;
2. College of Plant Protection., Shandong Agricultural University, Taian 271018 , China)

Abstract: The arborvitae seedlings root activity treated with six insecticides, isofenphos-methyl, phoxim, chlorpyrifos,

quinalphos, dichlorvos and dimethoate were tested after 24h. The results showed that quinalphos could improve arborvitae

seedlings root activity, while the others obviously restrained arborvitae seedlings root activity.

Key words: Platycladus orientalis seedling; Insecticide; Root activity

48 4% T 2 & ( Anomala corpulenta) . BH £ @A
( Maladera orientalis ) - !N FE( Agrotis ypsilon) K
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( Platycladus orientalis) 1 EESLEH ERHEES
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ERIER FERE.
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Improving the thermostability of a thermostable endoglucanase from » |

Chaetomium thermophilum by engineering the conserved noncatalytic

residue and N-glycosylation site
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ARTICLE INFO ABSTRACT

Article history: Endoglucanases provide an attractive avenue for the bioconversion of lignocellulosic materials into fermentable
Received 5 March 2020 sugars to supply cellulosic feedstock for biofuels and other value-added chemicals. Thermostable endoglucanases
Received in revised form 15 August 2020 with high catalytic activity are preferred in practical processes. To improve the thermostability and activity of the
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thermostable -1,4-endoglucanase CTendo45 isolated from the thermophilic fungus Chaetomium thermophilum,
structure-based rational design was performed by using site-directed mutagenesis. When inactivated mutation
of the unique N-glycosylation sequon (N88-E89-T90) was implemented and the conserved Y173 residue was
substituted with phenylalanine, a double mutant T90A/Y173F demonstrated enzymatic activity that dramatically
increased 2.12-and 1.82-fold towards CMC-Na and [>-D-glucan, respectively. Additionally, T9OA/Y173F exhibited
extraordinary heat endurance after 300 min of incubation at elevated temperatures. This study provides a valid
approach to the improvement of enzyme redesign protocols and the properties of this endoglucanase mutant dis-
tinguish it as an excellent candidate enzyme for industrial biomass conversion.

Available online 1 September 2020
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Endoglucanase
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1. Introduction

Lignocellulosic biomass is the earth's most abundant utilizable or-
ganic resource with great potential for the sustainable production of
chemicals and biofuels [1,2]. Cellulose serves as a major component (ap-
proximately 35-50%) of lignocellulosic biomass, followed by hemicellu-
lose (20-30%) and lignin (20-30%) [3]. Endoglucanase (EC 3.2.1.4),
which is a critical set of cellulases for lignocellulose deconstruction, ran-
domly cleaves the internal 3-1,4-glucosidic bonds in cellulose fibers and
triggers the initial catalytic attack on biopolymer chains in amorphous
regions [4).

From a practical point of view, the inadequate performance and in-
stability of commercial cellulases under extreme reaction conditions is
now considered as the main obstacle to their effective application in in-
dustrial and agricultural fields which results in extending the reaction
period and raising the production cost [5]. Therefore, for modern cellu-
lase preparation research and development, the improvement of en-
zyme specific tolerability and catalytic efficiency is essential [6,7]. To
date, structure-based rational engineering is an effective approach to
enhancing enzymatic properties, which is implemented based on the
modification of some crucial residues and domains in terms of the
enzyme's structure-function relationship [8,9]. In addition, more

* Corresponding author.
E-mail addresses: hanch87@163.com (C. Han), wangqunqing@163.com (Q. Wang).

https://doi.org/10.1016/j.ijbiomac.2020.08.225
0141-8130/© 2020 Elsevier B.V. All rights reserved.

attention has been focused on the optimization of conserved residues
in the active site architecture, which play important roles in modulating
enzyme structure and catalytic properties [10,11].

Elevating the reaction temperature is generally conducive to substan-
tially increasing the hydrolysis rate and preventing microbial contamina-
tion in the realistic biorefinery of lignocellulosic saccharification [12].
Thus, thermostability is a valuable property for cellulases in practice. Uti-
lizing potent thermostable cellulases endowed with pronounced activity
at high temperatures is beneficial for accelerating the catalytic process,
shortening the reaction period and reducing the enzyme dosage [2,13].
N-glycosylation, which represents a ubiquitous post-translational modifi-
cation in eucaryon, is capable of regulating the thermal stability and hy-
drolysis activity of cellulases [14-17]. In the case of a glycoprotein, the
carbohydrate unit is covalently connected to the specific asparagine resi-
due within the sequon Asn-Xaa-Ser/Thr (where Xaa cannot be Pro) [18].

In our previous work, rational design of a thermostable GH45 (3-1,4-
endoglucanase CTendo45 from Chaetomium thermophilum was per-
formed to further enhance the thermostability by substituting the con-
served noncatalytic Y173 residue with F in the active site architecture
using site-directed mutagenesis [19]. Additionally, when the unique
N-glycosylation sequon in CTendo45 was modified, a T90A variant ex-
hibited superior characteristics of high temperature tolerance [17]. In
this study, a double mutant T90A/Y173F was generated and exhibited
enhanced thermostability compared with that of its single counterparts,
providing a promising biocatalyst for diverse biotechnological
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Lauric Acid Is a Potent Biological
Control Agent That Damages the Cell
Membrane of Phytophthora sojae

Changhuw Liang?, Wenteng Gao?, Ting Ge?, Xinwel Tan?, Jayu Wang!, Huaxin Liv?,
Yong Wang®, Chao Han?, Qian Xu?* and Qunging Wang 3=

! Shandong Frownce Key Laboriony of Agriciiua Microtiology, Deparmant of Plsnt Pethoigy Codege of Pant
Frofction, Shendong Agriculiira! Linkerstty, Taran, Ching, © Shimadeu {Ching) Co., Li2, Befing, China, * Stals Kay
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Sustainable management of plant pathogens is becoming more challenging, and novel
solutions are nesded. Plart biologically active sscondary metaboltes are important
sources of novel crop protection chemistry, Effective individual compounds of these
natural products have the potertial to be successful rew agrochemicals, In this stucdy,
we identified launc acid (LA) from soybean defense leaf volatiles, LA inhibited the growth
of Phytophthors sojae, the causal agent of soybean roct rot. It influsnced mycslial
developrment, sporangium formation, and zoospors generation and  germination by
damaging the B soie cell membrane, Addtionally, we showed that LA and several
of its derivatives, such as ghyeerol monclaurate (GML), had similar biclogical acthvities.
Both L& and GML were safe to soybean plants when used at less than 0.3 g ad./plant
and could promete soybean growth, implying their potential as sco-frendly biclogical
control agents.,

Keywords: laurc acld, leaf volatlle compounds, Piytophthors sofee, cell membrane damage, bloleglcal contral

INTRODUCTION

Oonmycetes are fungus-like eubaryotic organisms that belong to the class Saprolegniomycetidae of
the kingdom Stramencpila (Yutin et al, 2008). They encompass notorious plant disease agents,
including Phytophthora, Pythium, and Albugo, and a group of downy mildews (Tyler, 2001).
Comycetes have a negative impact on natural and farm ecosystems due to their strong pathogenicity
and infectivity (Famoun et al, 2015). In addition to the well-known potato late blight caused by
Phytophthons infestans, which led to the 19th-century Irish famine, the persistence of sudden cak
death caused by Plntoplthoras ramorum and grape downy mildew caused by Plasmopans viticola
demonstrate that comycete phytopathogens are a persistent threat to subsistence and commercial
farming and destructive to native plants (Erwin and Ribeiro, 1996). Soybean ( Glycine max L) root
rot caused by Phytophtiiora sojae is the leading cause of global soybean production loss (Tyler,
2007). Agrochemicals are largely used to control oomycete diseases, resulting in the emergence of
resistant strains and resurgence events ( Randall et al., 2014). The effective and sustainable control
of oomycete-driven diseases requires the identification of novel pharmacenticals and pesticides
to drive the design of fungicides compatible with integrated pest management (IPM) approaches
(Gessler et al., 2011).
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Biological Activity of trans-2-Hexenal Against the
Storage Insect Pest Tribolium castaneum (Coleoptera:
Tenebrionidae) and Mycotoxigenic Storage Fungi
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Abstract

Grain cormrodities in postharvest storage often deteriorate because of fungal and inssct attacks. With the green
corsurnption requirements of consumers, ecofiendly and safe pesticides are needad for grain storage. The cur
rent study investigated the efficacy of the plant volatile compound trans-2+hexenal against the stomge insact past
Tribolium castanewm (Herbst) and thres cormmaonly oceurring storage fungi, viz., Fusanvm graminesrum, Aspergilius
flavus, and Aspengiilus niger, to recornmend its application as a botanical furnigant for grain commodities, trans-2-
Heseznal waakly repels T castaneum but has favomble insecticidal activity against multiple developrmental stages of
T castaneum, ranging insensitivity as follows: eggs (LC,, =14.3 pl) = adults (31.6 pl1) = young larvas (42,1 pl1) = ma-
ture larvas (L5 pll) = pupae (705 plA). Momeover, trans-2-hexenal caused a high malformation rate and high mor-
tality in adults developed from furnigated pupae. In a 7-d grain, trans-2-hexenal at 1.8 pliml provided an appreciable
efficacy (81.3%), and concentrations = 0.1 pl/ml completsly inhibited the offspring of T castaneuwm. trans-2-Heaxenal
was nonphytotoxic to the ssed germination and seedling growth of wheat seeds. Furthermaore, trans-2-hexenal
cormpletely inhibited the growth of A flevus, £ graminearum, and A, niger at 5, 10, and 10 pl1, respactively. The
favorable biclogical activity of trans-2-hexxenal against T ezstanaum and three frequently oceuming ryeotocdgenic
storage fungi indicated the potential of trans-2-hexenal for simultansously controlling pests and pathogens, which
could reduce its application frequancy in graing and decrease pesticide meeistance risks.
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Discovery, action and application of plant immune inducers in

agriculture
WANG Lulu!, YUE Yingzhe! KONG Xiaoying', ZHANG Jian!, ZHANG Xiaoying®, LI Yang’,
KONG Bo’, LU Chongchong?, LT Yang!, Ding Xinhua'
(1. College of Plant Protection, Shandong Agricultural University, Tai'an 271018, China;
2. Shandong Pengbo Biotechnology Co., Ltd., Tai‘an 271018, China)

Abstract: based on the plant's nanural imnnme systern, plant immune inducers can mnprowve plant resistance to disesses,
stimulate metabolic regulation and promaote growth and development to increase output and improve quality of plant. The
paper introduced the development, types and mechanisms of action of plant invmmity inducers, described the application
simation and advantages of plant inmmune inducers in agricultre producton, and look forward to the prospects of plant
Eeywords: plant immune inducers; resistance to disease; increase production; agriculiral production
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Determination of Residues of Tetranvlonitrile and Tts Metabolites in Leek and Ginger
Zhang Junjier Hu Pejier Cas Changpeng® Sun Fengshou {Callege of Flant Protection * Shandong
Agricultural Univesity® Taian Shandong 2710187 China’

Xu Leyuant Sun Fengshou (Center for Pesticide Environmental Toxicology® SDALU* Taian Shan-
dong 271001+ China’

Liao Xianjun (Institute for the Control of Agrochemicals* Ministry of Agriculture and Rural Affais e
Beijing 100125+ China!

Abstract © The stxly estahlished a method for the detemmination of chlorfenapyr and its metaholite
tralopyril in leek and ginger. The samples were extracted with acetonitrile and purified with 40mg
FSA* 10mg C, and Smg MWCNT. Chlefenapyr was analyzed by GC = M3 /MS and wralopyril by
UPLE = M3/MS. The results showed that there was a good linear welationship for chlorfenapyr and
tralepyril in the concentration range of 0001 ~ (L Smg/L* with the correlation coefficient of more
than (.99, When the matrix concentration were 0. 0lmg/ kg Tmgfkg and 10mg kgt the avemge
recoveries of chlorfenapyr in leek were BE. 4% ~ 104% with relative standard deviations of 1. 5% =~
3.9% ¢ and the average recoveries 93 0% ~99. 9% with the relative standand deviations 2 8% -
4.9% in ginger. The avemge recoveries of tralopyril in leek were B7. 8% ~ 98, 9% * with relative
standard deviations of 4 09 ~4.6% * and the avemge recoveries 87, 2% ~94. 7% with the relative
standard deviations 2. 7% ~4. 6% in ginger. The methed is accumter sensitive and suitahle encugh
for the determination of chlorfenapyr and its metaholites in leek and ginger.
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Janthinoid A, an unprecedented tri-nor-
meroterpenoid with highly modified bridged 4a,1-
(epoxymethano)phenanthrene scaffold, produced
by the endophyte of Penicillium janthinellum
TE-43%

Yiao-Deng L3 Jun-Cheng Su, 0t® Bag-Zhen Jiang.” Ye-Ling Li,
Yuan-Qiang Guo*® and Peng Zhang 0+

M) Check for updates |
|

Cite this DO 101035/ digoD D68

Janthinaid A (L) an unprecedented Ca meroterpenoid f2aturing a highly modified brdasd 4a 1-leposxy-
methana)phenanthrens scaffold incorporating slght continuous quaternary carbons, along with it Dio-
ynthetic-related O analogus andrastane | [2), were molated from the endophytic fungus Penloliium
Janthinsfum TE-43 Thelr structures were unambbguously establehed by comprensnave analses of
spectroscomc data, quantumn chemical calculations, and X-ray diffraction. The tri- nar-menoter penoid

Published on 20 Sepember 2021, Downloaded by Shandong Aogri o toral Unive rsiey on LLA2Z021 2:53 50 AM.

Recsived 20nh July 2021, sheleton of 1 was produced by a unique biosynthetic pathway, involing the ring cleavage and continuous
Accepbed 15th September 2021 carbon degradations of the aromatic polyketide precursar, which = diginct from the comman ly- chssneed
DO 101035/ d1goll068n meroterpenoids both structurally and biogenetically, representing a new type of meroterpenoid. Both
rsclifrontiers-organic compounds showsd significant in v anti-tumor actvities aganst NSCLC cells ARG,

Introduction pathways have received particular attention” Among them,

Fungi have plaved a key role in the search for new drug leads
in the coume of human history, as they possess a tremendous
capacity to smthesize diverse secondary metabolites with sig-
nificant medicinal potential.” The discovery of penicillin from
Peniciilium species was a monumental discovery in medical
research, which drives continuous effort to find more novel
metabolites from t‘l.u'l.gi.1 The increase of chemical investi-
gations on fungal metabolites has unabated, leading to the
izplation of a plethom of intriguing molecules.”™ Az one of the
largest groups of fungal metabolites, meroterpenoids derived
from mixed polvketide/nonpolyketide-terpenoid biosmthetic

A vantal staste of Coastal Zone Ressarch, Chinese Acadenmy of Sotences, Yantal
264003, Feaple's Republic of China

A ste Ky Laboratory of Onoogenss and Related Genes, Renn Hospial, Schoolof
Medicing, Shanghai Jino Tong University, Shanghal, 200025, Ching

“Collage of Flant Frotecson, Shandong Agricultural [hiversity, Tai'an 271018, Ching
4 samre Ky Laborarory of Medicmal Chemica ] Fiolo gy, Collage of Fharmacy, Taamin
Ky Laboraiory of Molarular Drusg Recsarch, and Drug Discovery Canter for Infectious
Drigzacs, Nankal Unfrersity, Tianjn 300250, China

“Tohacoo Research Institute of Chinese Acadenyy of Apricu frural Soences, Qingdac
2&5101, Ching

+ Ekevinonic supplementany information (ES1) asadlable. OCDE 2096245, For ESI
and aystallographic dam in CIF or ather slectronic format sse DO 1001039
DERI0GEE

§ These guthors eomtributed squally to this wark

This joumal & & the Partrer Organisations 2001

andrastone-type memterpenoids represent a small but unique
goup of bicactive meroterpenoids with approcimately forty
members. Biosynthetically, the Cos skeleton of andrastones is
composed of a Cas famesyl pymphosphate [FPF) precursor
incorpomting a Cyy DMOA (3, 5-dimethylorsellinic acid, Fig. 1)
unit. The subsequent cyclization of the FPP fragment followed
b the ring-contraction of DMOA provides the all-carbon, fused
6/6/6/5 tetracyelic core.®

A% a part of our ongoing rescarch on bicactive fungal
metabolites,** especially on miscellaneous memterpenoids,

Fig. 1 Chemicsl tructures of 1 and 2 andrastone A, and the key pre-
eurgar DMOA

Ciege Chawm Frond,
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NIEE AR EE T 2R EE KR DIRIMERFNT
EH, EHFE, WO, BB, hE, BRERL FARE T, BERY

R A K22 2R 5 TR AR, MR AR R B Sl = R B IR LRESea =, IR %271018; " IhRA
FHAz T Jlk S, i AR 33265400

B L R -F 8R40 4RI, & B AF £ IB(CK). #56 FE(N). 6 ABEE(NP) A= 23655 e (P) 444022, 3544
RBERAST AT EM RGP A LI H . ERAY, HxBAIL, NPREALH T FEMRY /G, BE T
Tt F GG, SR AT B 1584E. 13845, 24845 402,645 RER G TRA KA, AsTBE2.5145; #E5 T FE#5
4 B9 AR B TR AR R AR R R AL LB (SOD). it Ak A BE(POD) A= it B AL SUBE(CAT) 49 7E 1, 27 A ST RB 69 1.924%
1.264%. 2.694%. 3.234%; RIS T LEMB/ ARG 132 T 8 M, L LR, L P RImET RBETREEK
EEAE BRI, AR 2 A K, RARBF REFRERFIL.

FARIA): P B SR EAERE AT, R ARL; B3R MA Y

SR AL R R E B F Y, $20144 3K EH
PR MR AR ©.14222.15 75 hm?, H BT 80%[H) 3%
RSBk 5 T AT A R 7R B T R G b S
X (EFEREZE2016). BT LU RAE K B oA T
th Fedth, HIEARS 20, HHb TR IR, SR RIEY
G tth DL R AR S 55 25 5 TH R 2% R PR A, 3o SR 2
7 DX THT I 7™ B 1) 3 A B 45 ) 8 (Tewoldemedhin 55
2011; F[552009), A FEAGIE & LI A KR
NG BRI B (RS E A R, R
T E S ) R, 3 AR K 48 5F 4K (Liu%E2014;
MazzolaflIManici 2012), 3 5L Fe b5 ) B0 K
FAEwE R, FEAREEMRAEGEAENEF R,
A TR I I A R 0 T BOE R R
KA #EE R H 2 —(Cardinale552006; 4% 58 5 55
2016), A F H W M3 5 2 YA B A5 i
RAEMA(YimZ:2013). ARAEMR RO LG 5
YRR, A OB, ISR R S
(Zhang%$2012).

U A S Ay 0 o R e 0 20t P 1) S
B, 2R IIR RKE KRR KA
Mo 7E e Se bR AR e o, RAEXT R AR R E R
AEER X HEYES LS BAA M B R 1
F, o508 3 g 57 50 F 7K F AT DLSE M Al AR
RMAEK K E oy e, 2815 B0 PR br
YIRS S ThRE . SRR DL R 3 pHAY
R AR (B REE2013; B a4 T E2014; 45
HIFEE2015) . ASIA] (14 it A 1) 5 %o - 39 ik A P B
WL BRI £ T 2 (N IB452010), R
AT 5 35 B S [l it ) % 1R 3 E ) T A Ak s o S

TP AR ) R A Bl ek i A 5 F2 B (Utkhede 1995
Gurds1998). FHK 1 55 (20 13) B 5T K LA B R
RE6% A A I 2 3 AR RS X G A K R B 1
SO o il FH 3 R 1A BEURL AT 8 I A S RAR R AR
&, eE T IEANEE &', RHREY A K B
(BA2007; B£21812008).

DAL b, 36 it A O 42 SR AR KRB B R AR AR
EYER R 578 P o N B AR (B W SR 3 G )
SO AR S AR A EAE IR A S5
DA B K A B RS A R P PR S e A e A () i DL i
8o AHTF AL CAF B A Y M, BRI
Tl Xof <P (2 4% 4 1 2E K RO A R A B () 5
DAHA R34 S S AR B RS SR AT e i

ZESESDPr

1 MR S 4038

WA T 201 SAEAE AR ML R A R R IX R 25
RITREBARWE T Ol St AT o Al 33
HILARE RG2S EAL L3RRI, wh
AN )\K& 85 (Malus micromalus Makino), 328
TR, TG B R90.6 me-kg, THNEE A

ks 2017-02-02  f&=E  2017-07-17

#wE AL AR R R U 40 H (CARS-27).
L ZR AR K 27 R PR T P Rk TR S 6 = TSR A B 4
T H (QL-2016-12). [FFK H#AFIEE 4T H (315017201
31672104). FEZHE it & HRITH (2016 YFD0201114).
2548 K BT I BL I H (SDAIT-06-07) il 24 1 48 %}
A4 BB IH (ZR2014CL024).

* JL[EJE HAE# (E-mail: yinchengmiao@163.com; mzhi-

quan@sdau.edu.cn).
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o 6.5% ~
29.9% 1.3~1.8 NEEN
24.7% ~27.0%; 12.1% ~15.0% 11.0% ~15.0%
1 5662. 1 CA 11001 -4942(2017) 03 -0094 -03

Influence of Cellulose Degrading Bacteria on

Peach Orchard Soil Nutrients and Fruit Quality

Wang Chukun' Peng Futian' He Ping” Chang Yuansheng’
(1. College of Horticulture Science and Engineering Shandong Agricultural University Taian 271018  China;
2. Shandong Institute of Pomology Taian 271000 China)

Abstract In this research the effects of applying cellulose degrading bacterium agent in accompany
with organic manure ( cow dung) on peach orchard soil nutrient content and fruit quality were studied. The re—
sults showed that the soil organic matter content of basal application of organic manure and microbial agents in—
creased by 6.5% ~29.9% than those of application of organic manure and 1.3 ~1.8 times higher than those
of CK. Application of cellulose degrading bacterium agent increased the soil available nitrogen phosphorus
and potassium to some extent. Among which the available nitrogen had the largest increase amplitude of
24.7% ~27.0% and that of soil available phosphorus and potassium was 12. 1% ~15.0% and 11.0% ~
15.0% respectively. The treatments with mixed bacterium agent had the most obvious effects. The single fruit
weight of peach had no obvious change but the fruit quality was significantly improved by mixed application of
cellulose degrading bacterium agent and organic manure.

Keywords Cellulose degrading bacterium agent; Orchard; Soil nutrients; Fruit quality
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Wen et al. BMC Genetics (2019) 20:65
https://doi.org/10.1186/512863-019-0746-8
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RESEARCH ARTICLE Open Access

Identification and characterization of cherry
(Cerasus pseudocerasus G. Don) genes
responding to parthenocarpy induced by
GA3 through transcriptome analysis

Binbin Wen'*', Wenliang Song'*", Mingyue Sun'? Min Chen'?, Qin Mu', Xinhao Zhang'?, Qijie Wu',
Xiude Chen'?? Dongsheng Gao'**" and Hongyu Wu'**"

Check for
updates

Abstract

Background: Fruit set after successful pollination is key for the production of sweet cherries, and a low fruit-setting
rate is the main problem in production of this crop. As gibberellin treatment can directly induce parthenogenesis
and satisfy the hormone requirement during fruit growth and development, such treatment is an important
strategy for improving the fruit-setting rate of sweet cherries. Previous studies have mainly focused on physiological
aspects, such as fruit quality, fruit size, and anatomical structure, whereas the molecular mechanism remains clear.

Results: In this study, we analyzed the transcriptome of ‘Meizao’ sweet cherry fruit treated with gibberellin during
the anthesis and hard-core periods to identify genes associated with parthenocarpic fruit set. A total of 25,341
genes were identified at the anthesis and hard-core stages, 765 (681 upregulated, 84 downregulated) and 186 (141
upregulated, 45 downregulated) of which were significant differentially expressed genes (DEGs) at the anthesis and
the hard-core stages after gibberellin 3 (GA3) treatment, respectively. Based on DEGs between the control and GA3

treatments, the GA3 response mainly involves parthenocarpic fruit set and cell division. Exogenous gibberellin
stimulated sweet cherry fruit parthenocarpy and enlargement, as verified by gRT-PCR results of related genes as
well as the parthenocarpic fruit set and fruit size. Based on our research and previous studies in Arabidopsis
thaliana, we identified key genes associated with parthenocarpic fruit set and cell division. Interestingly, we
observed patterns among sweet cherry fruit setting-related DEGs, especially those associated with hormone
balance, cytoskeleton formation and cell wall modification.

Conclusions: Overall, the result provides a possible molecular mechanism regulating parthenocarpic fruit set that
will be important for basic research and industrial development of sweet cherries.

Keywords: Sweet cherry, GA3, Transcriptome, Parthenocarpy, Fruit set and cell division

Highlight
Cherry genes respond to parthenocarpy and promote
fruit setting induced by GA3

Background
Fruit set is an important step in fruit growth and devel-
opment. In this process, the ovary becomes enlarged

* Correspondence: dsgao@sdau.edu.cn; 15275380863@163.com

Binbin Wen and Wenliang Song contributed equally to this work.
'College of Horticulture Science and Engineering, Shandong Agricultural
University, 61 Daizong Road, Tai'an 271018, China

Full list of author information is available at the end of the article

K BMC

with development of the embryo after fertilization, indu-
cing fruit formation [1]. A variety of hormonal synergies
play a major role in controlling fruit set; GA, auxin, and
cytokinin alone cause the fruit to grow and develop to a
certain stage, but the fruit develops normally due to
their synergistic effect [2, 3].

Exogenous spraying of 5mg / L GA3 maintains the ac-
tivity of citrus parietal cells and promote their division,
thereby increasing the rate of fruit setting [4], and it was
reported that treatment of grape flower spikes with 30
mg/L GA3 before full bloom significantly increased the

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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PECERULALE 2 W A BRI LA 0000 L2007 R IR Tt e % WA A 211018

QiR AR ERES P

I it o (R R P B LR (SAM) & RAR AN LTINS, Wk ES ek LR R Y
2 {4;;;.-) Ko x AR RS s T Ak, UAE LSRRG Y AdEN GE R
n\'fi‘% # % 4R SAM ABHRTRBER RGO RAKGR. ERACFREHY KR AL LY DA,
i'%%’ d3 i 0.5—2 pmol-L™ By SAM ¥ ik B IH K & B RKOE WikAE K (2 I0T S AR A 2
5 0.5 pmol-L" &+ S B W E R NRE BPAMA DB T T, AR, REEEKE
s 22 as SR S-4¢ 58 (CST). AR HMEREE (GR) fuff A4UF 0BT REE (DIAR) B4 L7
R AR (6SH). SR A B AR (GSSC) fo & AL H K-S & (GSH+GSSG) ZB EA LA MY, %
o BAMET (07) fdAMEA (H0,) 2EEZF L
0.5 umol-L"#y SAM T R ERFH A HFHAET 6ST.
GR % DHAR 273545, K¢ 7m GSH fu GSH+GSSG & &, 17,077 10d J5 44k GSSC 5 &, 4% CSH/GSSG; & &4t
-5 d KO H0, 48, A MASEAL S P, [4#] AEFM 0.5 pmol-L™ B9 SAM 7 #E 4
PECEERA S 44065 OR fu DHAR 5514, {R3% GSH 4. {R# ST AR Offn N0, A HIEA, R#AZHE

s 4 B #93E B ALt (GSH/GSSG) 2 EAHE TS
4 AE-BRMDA)AESHBHLERTRE. I
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Physiological Mechanism of S-adenosylmethionine on
Alleviating Chlorothalonil Residue in Tomato

GU ChaoHeng, YAN YanYan, WEI XiYa, SHI QingHua, GONG Biao

(College of Horticultural Science and Engineering, Shandong Agricultural University/State Key Laboratory of Crop Biology /
Ministry of Agriculture Key Laboratory of Horticultural Crop Biology and Germplasm Creation in Huang-Huai Region,
Tai’an 271018, Shandong)

Abstract: [ Objective] In order to provide basic mechanism for vegetable safe production, this study aimed at revealing the

Ph?'SiOIOgical mechanism of S-adenosylmethionine (SAM)-induced pesticide metabolism. [Method] The fresh-eating tomato
"QianXi’ and broad-spectrum pesticide ‘chlorothalonil, CHT’ were selected as the experimental materials. Then, we studied the
::‘;C:;eozzroiee:?:s SAM on‘thc. metabolism of pesticide, reactive oxygen species and glutathione. [Result] .Th‘t‘ results Shf“;ed
could be observed u:;s, wvere significantly reduced by exogenous spraying 0.5-2 pmol-L™ SAM. However, no significantly changes
- o ,T:t l}:e' concentrations of SAM arrived at 0.5 pmol-L"'. Compared with control, the act.wmes of glututhcl(::;
i ;im;l :r r :St 1;[one reductase (GR) and dehydroascorbate reductase (DHAR) were signiﬁcaml)‘/ increased unde:l -
glutathione (GSH+GssG) UT: "o be oblained with the contents of lutathione (GSH), oxidized Bluathiorg & 'adn 0'on
(©1) and e pem,;id e GSH/GSSG were induced by CHT firstly, and then decreased. At the same time, superoxide ani

¢ (H:0,) were significantly induced by CHT. However, no significant changes were obse

BEBM: 2018.).
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Root configuration and phosphorus utilization response of apple
seedlings to local phosphorus supply

CHE Meimei', YUAN Yixin', ZHAO Yitong', JIA Zhihang', LI Huifeng’, GE Shunfeng'

(1 College of Horticulture Science and Engineering, Shandong Agricultural University, State Key Laboratory of Crop Biology, Taian

271018) (2 Shandong Institute of Pomology)

Abstract  Apple root stock cultivar ‘M26’ seedlings was used to understand the root configuration and phosphorus
utilization response of apple seedlings to local phosphorus supply. The results showed that compared with no phosphorus
application, the application of phosphate fertilizer significantly promoted the growth of root system, and the increase of local
phosphorus supply was the largest. The root system configuration changed adaptively 1o different phosphorus supply modes,
and the local phosphorus supply significantly increased the root density in the middle soil. Local phosphorus supply
increased the activity of phosphatase in thizosphere soil and phosphorus uptake in plants. Therefore, local source for
phosphorus under apple seedlings root morphology table positive adaptation, root system distribution and the root parameters
was optimized and improved soil phosphatase activity and improved the biological effectiveness of phosphate fertilizer,
eventually improve the ability of plants to absorb phosphorus nutrient, and raise efficiency of utilization of the phosphate

fertilizer.
Key words apple seedlings: local phosphorus supply; uniform phosphorus supply; root morphology; phosphorus

absorption
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otany Characteristic of Different Apple Variety on M9T337

Rootstock

MOT337 [ M hl G4 ) 3 3R b R A A TR

TORBE, B, GRS, wiAE Y, Mo,

f/% 1,2%

LB R ZRE S TR, LR 2710005
2R HIETY FOERE N RBUF, 1WARTOHE 2623000

L %00k MOT337 A6 MRS 54 5 AN & R R R & HEAT T A, A
MOT337 BRI A i, B EE 2 455, @ (TE) Ew Rk HG) 45
RE AR 16.8 D149 4, HEHBEREZ . AR RIS G L REEA

A, H U AR 3 F R S 28 v s I R B
TEEA: R 6 BRI ks MOT337 5 [ HLAY
HEREMRES: A CESS: 2095-0896(2019) 01-032-03

S, S661.1

JIANG Le -pu et al. ( College of Horticultural Science and Engineering ,

University, Tai’an, Shandong 271000

Shangdong Agricultures

Abstract This paper explained the result of five spur apple varieties grafted on M9T337. Fruit number
of Gold delicious (Wulian) and Longfu spur Fuji (Yantai ) were 16.8 and 14.9 respectively at second
season after planting. Fruit number of Miyazaki spur Fuji were different in two regions. Spur Fuji grafted
on M9t337 rootstock could bear fruit early on fertile soil with support system.

Key words

MOT337 J& faf == A AAE A7) v I8 AL W e 2% o A
MO Hidk R R R, H AT S N A
BORIN B 2 R AR . SERB LR R
SR AR, AR IR Al 25 S R 2 R H
MOT337 FMRAG B & R R . R B A
B T R R RS il ShE R, 2
TR PR B O R 2. M9T337 Wik &
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ARG AT, REFEEA B AR, Br—
B, RABNZEFRR, WHER, k. MIT337 1E
NEEARGE I SE RN G e, SRE, BAKANY
51, P, IEEEEA IR, B RURIRERISE R &
TR 251 P R, WA, SETS., f

Longfu spur Fuji; Yanfu 6; Miyazaki spur Fuji; Dwarf; M9T337; Self —rooted rootstock
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Study on the microbial community in earthworm and soil
under cadmium stress based on contour line analysis

Yucui Ning' - Haoran Zhou? - Dongxing Zhou'

Received: 16 October 2018 /Accepted: 15 April 2019 /Published online: 21 May 2019
© Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract

Cadmium (Cd) contamination in soil has become the focus of widespread concern in society today. In this paper, with Eisenia
fetida as research subjects, an indoor simulation experiment was conducted. A BIOLOG microplate technique was used to
determine the carbon source (single-carbon) utilization of the microbial communities in the contaminated soil and earthworms
under Cd stress. Contour line analysis was used for the first time to study the difference of carbon source metabolism in microbial
communities. And the effects of Cd stress on the functional diversity of the microbial communities and the detoxification
mechanism in earthworms were researched. With two test groups, a short-term test and the long-term test were performed.
The former test lasted for 10 days, with the removal of an earthworm every day for analysis; the latter test lasted for 30 days, with
the removal of an earthworm every 10 days. The Cd** concentration was set at 0, 50, 100, 125, 250, or 500 mg kg ' dry weight,
and 10 earthworms were inoculated in each concentration treatment. The earthworm homogenate and soil extracts were used to
determine the carbon source utilization of the microbial communities. The results show that Cd stress changed the functional
diversity of the microbial communities in the soil and earthworms. With the extension of stress time and the increase of stress
concentration, earthworms will adjust their own physiological functions (including the microbial community structure and stress
mechanism in the body) and regulate the microbial community structure in the external environment to obtain the necessary
substances for growth. In addition, 2-hydroxybenzoic acid, y-hydroxybutyric acid, glutamyl-L-glutamic acid, -butyric acid,
threonine, and a-cyclodextrin were important carbon sources for the earthworms to maintain their normal physiological metab-
olism under Cd stress. This study confirms that changes in microbial communities can be used to reveal the detoxification
mechanisms of earthworm under heavy metal stress.

Keywords Cd stress - Eisenia fetida - Microbial community - Single carbon resource - Contour line analysis

Introduction

The research on the biological toxicity and detoxification
mechanism of cadmium (Cd) pollution on soil animals is the
focus and hotspot in ecotoxicology and agricultural ecology
(Liu et al. 2013; Wei et al. 2015; Shen et al. 2017). The toxic
effects of Cd stress on earthworms and its detoxification

Responsible editor: Robert Duran

>< Dongxing Zhou
zhboshi @ 163.com; zhouboshi @neau.edu.cn

College of Resources and Environmental Science, Northeast
Agricultural University, Harbin 150030, China

College of Horticulture Science and Engineering, Shandong
Agricultural University, Tai’an 271018, China

mechanism are mainly concentrated on individual body
weight (Chen et al. 2017; Das et al. 2016; Zaltauskaite and
Sodiene 2014), antioxidant enzyme activity (Li et al. 2014),
cell membrane stability (Samal et al. 2017), and gene damage
(Liuetal. 2011). For microbial community, current reports are
only confined to the speculation and explanations of earth-
worm physiological changes after Cd stress. In the study of
toxic effects of antibiotic stress on earthworms by Ji et al.
(2014), they suggested that the reason of the part of gene
expression disorder may be that the antibiotic has changed
the microbial community in soil and earthworm, making the
worms lose the function of obtaining the essential material or
degrading harmful substances; the worms have to force itself
to change so that genes can be expressed differently in order to
acquire these functions. Kreps et al. (2002) and Kant et al.
(2008) have similar inference in the study of salt, osmosis,
and low temperature stress on the genetic damage of

@ Springer


cbxue
高亮


2022-01-06 10:04:51
https.//kns.cnki.net/kems/detail/45.1134.9.20220104.2313.011.html

DOI:10.11931/guihaia.gxzw202107004

A3 CesA B K% € R RIEEA 55T

LR, BB 2, EPEE L, KBRS, RERFE2, RGN,
PRR 1, KR U2, BRI
(LR K= | 2R % 5 TRE2ERE, 289 2710005 2. {EVIAED) S 1E K8 s =,
&% 271000)

TE: NIRRT Cesd N FKIGAE AEAK K E R4 =6 ot #E i I E - BLE], tscissd
VMG BTV, AR AR AT FN0T 5T X3k, HEAT 7 EALRRAE . SRR, kb
BRAE S fR5FIE P R a5, AR F e E A RIA S % . S5 REMH: (1) ASEER
el 16 DML A4 K G W IE ) Cesd FERR, %500 1 57 F 2 L) 2 14 A B 25 W
BT 4.76~9.12, XI5 T 17.76~122.67 kD, KJ&F 153~1 089 aa; (2) Frh 15 ANFE[A
A EI M A T I 7 2 etatk b, Bra036008 EAiT scaffold b (3) KRR E
414 NAMNET, -1 AMRSFET; (D) FHIHR BoRiZ Kk B A R 1) DDD-QXXRW fR
SFONRe: (5 KA E H EE AR b, e DUTERUN S S o- 08 e N
ZHR IR E A CesA TAMAN N Uiy, C IS s (6) Cesd JEHTEZEH FRIAEAH XS
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Identification and expression analysis of Ces4 gene family in Brassica

rapa

MA Yuchen', ZHAO Yumei' 2, HUANG Danlin', ZHANG Mengging', WU Xiaoyu' 2,
WANG Jie!" 2, CHEN Yu', HUANG Jiabao" 2, DUAN Qiaohong! %"
(1. College of Horticultural Science and Engineering, Shandong Agricultural University,
Tai’an271000, Shandong, China; 2. State Key Laboratory of Crop Biology, Tai’an 271000, Shandong,
China)

Abstract Cellulose is the main component of plant cell walls. It is involved not only in cell

morphology and development, but also in various cellular signal transduction pathways, thus
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Analysis of Problems and Countermeasures
in Supervision Mechanism of Prefabricated
Buildings

YANG Bin' REN Yong-zhong

( 1.Lanzhou Zhonghai Hongyang Real Estate Development
Co.. Itd,  Tanzhou Gansu 730070 China; 2. Lanzhou

Institute of Technology Lanzhou Gansu 730050 China)
Abstract: This paper analyzes the problems existing in
the supervision mechanism of prefabricated buildings from
the perspective of supervision subject scope and
development direction and puts forward the corresponding
countermeasures.

Key words: prefabricated building; supervision subject;
supervision mechanism; research on the problems;

countermeasure analysis
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Identification and Expression Analysis of DBB Family Genes in
Brassica rapa

CHEN Yu, DENG Jiu-zhou®, WU Xiao-yu, ZHAO Yu-mei, WANG Jie,

DUAN Qiao-hong, HUANG Jia-bao™

College of Horticulture science and engineering/State Key Laboratory of Crop Biology, Shandong Agricultural University,
Tai’an 271018, China

Abstract: DBBs play an important role in plant flowering regulation, root growth, photomorphogenesis, seed germination,
fruit development and abiotic stress response. However, DBB gene family has not been identified in Brassica rapa. In this
study, 18 DBB genes were identified by bioinformatics method. The molecular weight was 11285.63 ~ 35796.93 D, the
theoretical isoelectric point ranged from 4.66 to 9.35, and the number of exons ranged from 2 to 5; The N-terminus of most
members contained the conserved domains B-box1 and B-box2, and the arginine and leucine were found as the most
conserved amino acid in all DBBs. The DBBs were distributed unevenly on 10 chromosomes, and most of the genes were
duplicated, producing more than 2 homologous genes. Most of the genes had linear correspondence with Arabidopsis DBB
genes. The cis-element analysis showed that the DBB gene promoter contained a large number of light, anaerobic, hormonal
and low temperature response elements. Tissue expression analysis showed that the expression level of most genes in
different tissues was similar to that in the roots, interestingly, the level of Bra032441 in flowers was remarkably higher than
that in other members. In addition, most of the DBBs in Brassica rapa respond to salt stress. These results laid a foundation
for further analysis of the biological functions of DBB genes in B. rapa.

Keywords: Brassica rapa; DBB; bioinformatic analysis
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A review of waterlogging tolerance of different peach rootstocks
XU Yingao XIAO Yuansong NING Siyi PENG Futian”

( College of Horticultural Science and Engineering Shandong Agricultural University/State Key Laboratory of
Crop Biology Tai‘an Shandong 271018 China)

Abstract: This paper summarized the physiological response indexes of peach rootstocks to wa—
terlogging stress and the response characteristics of more than 30 kinds of rootstocks involved in ex—
isting research reports to waterlogging stress analyzed the internal mechanism of waterlogging toler—
ance of peach rootstocks and summarized a variety of peach rootstocks with strong waterlogging tol—
erance at home and abroad.

Key words: peach; rootstock; waterlogging tolerance
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Effect of exogenous silicon treatment on pectin degradation of
strawberry

ZHAO Wenzhe'*?, CHEN Xiude'**, DENG Wenpeng'*®, WU Qijie'**, Du Guiying*, HE Huajie*’,
WANG Wei®, ZHOU Tao'**, XIAO Wei'**", LI Ling"**’

'State Key Laboratory of Crop Biology, Taian, Shandong 271018, China

’Shandong Collaborative Innovation Center for Fruit and Vegetable Production with High Quality and Efficiency, Taian,
Shandong 271018, China

®College of Horticulture Science and Engineering, Shandong Agricultural University, Taian, Shandong 271018, China
*Rizhao City Wulian County Agriculture and Rural Affairs Bureau, Rizhao, Shandong 276800, China

*Agricultural Integrated Service Centre of Pingyi Subdistrict Office in Pingyi County, Linyi, Shandong 273300, China
"Co-corresponding authors: Xiao W (gulight986918@163.com), Li L (lilingsdau@163.com)

Abstract: Pectin is the main component of the primary wall and middle layer of cell wall, which affects the
quality of fruit. To explore the effect of exogenous silicon treatment on cell wall degradation of strawberry
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Photosynthetic characteristics of '‘M9T337' apple rootstock seedlings
and interaction between MdCP2 and MdGLK1 during drought stress
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Abstract

Aim: The soil water availability seriously limits the growth and development of tea plants, and soil microorganisms are an important medium to regulate
soil nutrient cycling. In this study, the effects of water supply mode on soil nitrogen nutrition and soil microbes in tea gardens were investigated.

Methodology: This experiment set up consisted two water supply modes — - -
(consecutive drought and dry-wet alternation) by using the soil microcosm incubation Tea garden soil in Shandong Province, China
experiment, and four treatments were set: 20% water holding capacity for 21day l

(D21); 20% water holding capacity for 1-7 days and 60% water holding capacity for 8-
21 days (D7W14); 20% water holding capacity for 1-14 day and 60% water holding | Consecutive drought and dry-wet alternation water supply modes
capacity for 15-21 days (D14W?7); 20% water holding capacity for 1-7 days, 60% water

holding capacity for 8-14 days, 20% water holding capacity for 15-21 days (D7W7D7). ,l,

Destructive sampling was carried out to determine soil NH,-N, NO,-N, soil enzyme Soil nitrogen Soil microbial
activities. 16S rRNA sequencing technique was used to determine the change in soil transformgtion diversity
microbial diversity.

Results: The results showed that the consecutive drought reduced the content of soil l

Influence of drought and dry-wet alternation on nitrogen transfornation

+ -1 B : At :
NH,-N to 13.97 mg kg, and the net nitrogen mineralization was negative (-2.75 mg and low abudance incroor ganisins n tea garden soll

kg™ after 21 days of incubation. Dry-wet alternation promoted the increase in of soil
net nitrogen mineralization quantity and net nitrification quantity, which rose to 3.48-26.41 mg kg” and 8.07-23.11 mg kg™, respectively. Different water
supply modes had no significant impact on the structure of dominant soil microbial community, and the effect mainly focused on relative abundance,
especially dry-wet alternation mode. Compared with the continuous drought treatment, the relative abundance of Nitrospirae, Actinobacteria,
Chloroflexi, Patescibacteria, Latescibacteria, Rokubacteria, Acidobacteria were significantly different in different dry-wet alternation treatments, while
the relative abundance of Nitrospirae, Acidobacteria, Latescibacteria, Gemmatimonadetes, Patescibacteria and Chloroflexi also increased or
decreased significantly among different dry-wet alternation treatments. Among the physical and chemical factors of tea garden soil, NO,- had the most
significant effect on the structure of microbial community.

Interpretation: Different water supply can significantly affect the transformation of soil nitrogen and the change in soil bacterial community in tea garden,
which provided a theoretical basis for tea garden to cope with adverse weather changes and maintain the stability of tea garden soil ecosystem.

Key words: Camellia sinensis, Nitrogen transformation, Soil microorganism, Water regime
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Identification of potential pathways associated with indole-3-butyric
acid in citrus bud germination via transcriptomic analysis
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Abstract

Indole-3-butyric acid (IBA) is widely used to encourage root development in cuttings of general field crops, vegetables, forest
trees, fruit trees, and flowers. However, previous studies reported that IBA inhibited the germination of citrus buds via an
unknown molecular mechanism. This study aimed to unravel the regulatory mechanisms underlying this inhibition. Citrus
apical buds were sprayed with 100 mg - L™! IBA. Subsequently, the plant hormone levels were analyzed, and transcriptomic
analysis was performed. The results identified 3325 upregulated genes and 2926 downregulated genes in the citrus apical
buds. The gene set enrichment analysis method was used to determine the Gene Ontology related to the treatment. Genes
were enriched into 157 sets, including 17 upregulated sets and 140 downregulated sets, after indole butyric acid treatment.
The upregulated gene sets were related to glucose import, sugar transmembrane transporter activity, and photosynthesis. The
downregulated genes were mainly related to the ribosomal subunit and cell cycle process under butyric acid treatment. Kyoto
Encyclopedia of Genes and Genomes pathway enrichment analysis revealed the enrichment of 11 pathways. Of note, genes
related to the ribosome and proteasome pathways were significantly downregulated. Only one pathway was significantly
upregulated: the autophagy pathway. Overall, these results provided insights into the molecular mechanisms underpinning
the IBA-mediated inhibition of citrus bud germination inhibition. Also, the study provided a large transcriptomics dataset
that could be used for further research.

Keywords Citrus - Bud - Gene set enrichment analysis - Indole butyric acid - Transcriptome

Introduction concentration of IBA significantly inhibited bud germination

(data not published). Other studies reported that in the auxin

Previous studies showed that indole-3-butyric acid (IBA)
was converted into auxin (IAA) during peroxisome
B-oxidation. Also, IBA promoted the growth and develop-
ment of plant roots. Specifically, it significantly increased
the rate of rooting in Arabidopsis thaliana (Fattorini et al.
2017), citrus (Yang et al. 2020), Conocarpus erectus (Abdel-
Rahman et al. 2020), avocados (Umair et al. 2018), and Lau-
rus nobilis (Saeed and Amin 2020). Interestingly, a previous
study revealed that the treatment of citrus with a specific

> Yun Jiao
jydyx@163.com

Institute of Forestry, Ningbo Academy of Agricultural
Science, Ningbo 315040, China

Citrus Research Institute, Southwest University/Chinese
Academy of Agricultural Sciences, Chongging, China

College of Horticultural Science and Engineering, Shandong
Agricultural University, Tai’an 271000, Shandong, China

Published online: 02 September 2021

transport model, auxin was secreted by the shoot tip and
subsequently entered the axillary bud and inhibited the shoot
tip growth. The axillary bud subsequently germinated once
sufficient auxin flowed out of the bud (Leyser 2011; Brewer
et al. 2015; Lv et al. 2017). We hypothesized that exogenous
IBA treatment caused an increase in the auxin concentration
in the citrus buds, which subsequently caused the inhibition
of germination. However, the specific molecular mechanism
underlying this inhibition is yet to be elucidated.

In Arabidopsis, glucose conjugation maintains auxin met-
abolic balance due to the chemical properties influenced by
glycosylation (Damodaran and Strader 2019). A previous
study showed that glucosyltransferase UGT74D1 affected
leaf position by regulating auxin homeostasis and the tran-
scription of polyketide synthase as well as transcription fac-
tors possessing TEOSINTE BRANCHED1, CYCLOIDEA,
and PCF (TCP) domain (Jin et al. 2021). In addition,
UGT84A2 encoded an indole-3-butyrate glucosyltransferase,

@ Springer
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SINO-OVERSEAS GRAPEVINE & WINE

—HPIRA AT CARIEERT BScm
PRIKZORWE5E

R, WRR, BEEL SR, Al mdRe
(RN R 2 2R 2 S TR E 2 E R E R LI s, IRE % 271018)

# E. REILFMXEIEEMAI RS ERAE, SAEPERTERmR, RIGU REER EARZ R
¥, WFRGEER (CTS) . REELF4ERM (SCMC) . HEIREY (SA) 3Fh OB RN 2% KRR .
sERRW, RS, CREER BARKTEE, ZPIBEFRNRKEN3.46%. FHAF ST
AP RESE T CAREER BRI AMIRRAKEE S, HA0.3% SARURELF. Wi B AT DA bR R E
B ORAEKEM TR, KSR B EMRIKIKN0.2% SA>0.2% SCMC>0.2% CTS, RIGEW, KM
JEFI AL PR G AR ARERERT BSRK AT ER .

KB AFEBR: Hgks KK BUBEM R

Study on Water Retention Effect of Three Film-Forming Materials

on 'Cabernet Sauvignon' Annual Branches
WU Shuangmin, CHEN Chen, KANG Hui, YAO Yuxin, DU Yuanpeng, GAO Zhen*

(College of Horticulture Science and Engineering, Shandong Agricultural University/
State Key Laboratory of Crop Biology, Tai'an 271018, China)

Abstract: The phenomenon of grapevine spring dieback is common in the north of China in spring, which has
serious influence on grape production. In this experiment, annual branches of 'Cabernet Sauvignon' were used
as test materials to investigate water retention effects of three kinds of film-forming materials: chitosan (CTS),
sodium carboxymethyl cellulose (SCMC) and sodium alginate (SA). The results showed that compared with other
varieties, 'Cabernet Sauvignon' annual branches had severe water loss, with a water loss rate of 13.46% after the
winter. Treatments with different film-forming materials could improve water holding capacity of isolated canes of
'Cabernet Sauvignon', and 0.2% SA has the best effect. Spraying film-forming materials could reduce water content
of 'Cabernet Sauvignon' annual branches during overwintering period, and the effect from high to low is 0.2% SA
>0.2% SCMC>0.2% CTS. Experiments showed that the treatment with film-forming materials could effectively
reduce the water loss of 'Cabernet Sauvignon' annual branches.

Key words: Cabernet Sauvignon; annual branch; water loss; film-forming material
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