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Abstract: Mango industry played important roles in the economy of tropical and subtropical regions
in China. Embryo abortion, flesh rotten, pericarp stain and so on always result in heavy loss.
Transgenic breeding is a potential way for solving these problems. However, dependable protocol
for mango transgene has not been reported until now. In this research, we found that after mango
embryogenic callus were infected by Agrobacterium, most callus necrotized and died. No seedling
was differentiated from the survived callus. Contents of 106 compounds in mango callus infected
by Agrobacterium were found significantly different from those in control. The top 7 up-regulated
compounds were gallic acid, phosphoenolpyruvic acid, dihydrotricetin, ubiquinone,
dihydrokaempferol, D-erythrose-4-phosphate and cyanidin. The expressions of ROS-related genes,
gallic acid synthesis genes, and defense related genes in callus infected by Agrobacterium were
significantly higher than those in control. The growth of Agrobacterium on culturing plate pipetting
gallic acid was inhibited. Mango callus infected by Agrobacterium transformed with type III secretion
system gene cluster (T3SS) and effector gene AvrPto isolated from Pseudomonas syringae pv.
tomato strain DC3000 brown and necrotize slower than those infected by Agrobacterium transformed
with net vector (NV). The contents of ROS in callus infected by Agrobacterium (T3SS-AvrPto) were
less than those in callus infected by Agrobacterium (NV). The expressions of genes participated in
immune responses in mango callus infected by Agrobacterium (T3SS-AvrPto) were also less than
those in mango callus infected by Agrobacterium (NV). The transformation rate of mango callus
infected with Agrobacterium (T3SS-AvrPto-gfp) was 1.6 %. No callus infected with Agrobacterium
(NV-gfp) was transformed successfully. The efficiency of mango transformation can be improved
by constructing Agrobacterium strains harboring type III secretion system gene cluster and its
effector gene.

Keywords: mango callus; Agrobacterium(T3SS) gene; Reactive oxygen species(ROS)gene; gallic acid
synthesis gene

1. Introduction

Mango (Mangifera indica L.) is the second largest tropical fruit in yield in world annually (Office
of Tropical Crops in Southern Asian, Ministry of Agriculture, China). China is the second largest
country for planting mango (Office of Tropical Crops in Southern Asian, Ministry of Agriculture,
China). During mango planting, embryo abortion, flesh rotten, pericarp stain and so on always result
in heavy loss (1-5). Cultivating new varieties with various resistances can resolve these problems.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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The conventional method for getting new mango varieties is cross breeding. A complete cycle
of cross breeding for mango always takes about 20 years (6). Transgene can solve problems above
efficiently in short time and breeding efficiency can be improved significantly (7, 8). Pandey et al.
(2022) reported that mango transgenic plants can be gotten by infecting apex meristematic tissue with
Agrobacterium harboring target gene (9). Two-week-old mango seedlings with emerging plumules
were punctured 15-20 times with an insulin syringe at the apical meristem and incubated in AB
minimal medium (9). Apical meristem was infected with Agrobacterium transformed with vectors
GFP::hptll in pCAMBIA1302 and GUS::nptll in pCAMBIA2301 individually (9). 65.0% of GFP and
57.14% of GUS plants were transformed successfully (9). Primary transformants demonstrated
transgene integration at genomic and transcript level in some of the plants (9).

Adjei et al. (2023) optimized the conditions of the protoplast isolation and transformation system
for mango (10). GFP florescence was seen in the transformed protoplasts (10). Target gene was
successfully induced into the mango protoplast and that it has been transcribed and translated (10).

Stem apex meristematic tissue is highly differentiated tissues. When stem apex meristematic
tissues were transformed, some cells were transformed and some failed. That always resulted in
chimera (11, 12). When cell divided, transformation-failed cells always stand ahead of the
competition and the divisions of the transformed cells stopped (13, 14). Foreign gene lost and
experiment failed (13, 14). Experiment that Adjei et al. (2023) did was a transient expression and did
not get transformed seedling (10). Dependable method for mango transgene has not been reported
until now.

Plant embryogenic callus is a loose and crisp tissue. When embryogenic callus was infected by
Agrobacterium, plant cells had high chances being infected and transformed. Infecting callus using
Agrobacterium harboring target gene is a conventional method for constructing transgene protocol
(15-17). However, in this research, we found that most mango callus necrotized and died after they
were infected by Agrobacterium. No seedling was differentiated from the survived callus.

When infecting plant cells, Agrobacterium tumefaciens sends virulence proteins into host cells
through the type IV secretion system (T4SS) (18). Active plant defense relying on innate immune
responses was triggered (19). Some gram-negative plant pathogenic bacteria, such as Pseudomonas
syringae pv. tomato, deliver bacterial proteins into eukaryotic hosts through type III secretion system
(T3SS) (20, 21). They can suppress plant basal defense (20, 21).

After being infected by Agrobacterium, mango callus brown in short time. Excessive ROS can
injure and kill plant cells, resulting in callus browning and necrosis (22). Excessive ROS is an indicator
of immune response (23). We speculated that immune responses were activated in mango callus cells
when they were infected by Agrobacterium. Constructing Agrobacterium strain harboring T3SS and its
effector gene might inhibit the responses and transgene efficiency of mango callus will be improved.
To verify this speculation, key substances and genes participating in immune responses of mango
callus against Agrobacterium were identified in this research. Agrobacterium harboring T3SS and its
effector gene AvrPto isolated from Pseudomonas syringae pv. tomato strain DC3000 was
constructed. Mango callus infected by Agrobacterium (Type3-AvrPto) brown and necrotize
remarkably slower than those infected by Agrobacterium harboring net vector (NV). The
transformation rate of mango callus infected with Agrobacterium (Type3-AvrPto) was about 1.6 %. No
transformed callus was found in those infected with wild Agrobacterium or Agrobacterium (NV).
Mango callus had less immune response against Agrobacterium (Type3-AvrPto) than against
Agrobacterium (NV) or wild Agrobacterium. The efficiency of mango callus transformation can be
improved by constructing Agrobacterium strains harboring T3SS and its effector gene.

2. Results

2.1. Phenotypic Characteristics of Mango Callus Infected by Agrobacterium

When callus was infected with Agrobacterium, most of them brown and necrotize within 90
hours. At the first 15 hours, callus browning and necrosis have not been observed. Since the second
15 hours, callus begin to brown. In the 3rd 15 hours, callus brown very fast. The climax of browning
and necrosis happened at the 4th 15 hour. After callus was infected with Agrobacterium for 75 hours,
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most of them necrotized. Transferring callus onto fresh medium cannot alleviate browning and
necrosis

45h 60 h

Figure 1. Mango callus infected with Agrobacterium for different time.

2.2. Mango Callus Infected by Agrobacterium Contained More Reactive Oxygen Species (ROS) than Control

Excessive ROS injured and killed callus cells, resulting in callus browning and necrosis (22). To
study whether browning and necrosis of mango callus infected by Agrobacterium was due to ROS,
ROS content in callus was measured. Results showed that hydrogen peroxide (H202) and superoxide
anion (O2-) contents in mango callus infected were much higher than those in control. After callus
was infected 15 hours, H202 contents in mango callus were similar. After that, H202 content in
mango callus increased fast. After being infected 45 hours, H202 content reached to the maximum.
After that, H202 content in callus decreased. The trend of O2- content in mango callus infected by
Agrobacterium showed similar. The contents of H202, O2- and ®OH were stable in callus uninfected
at different time (data not shown). These demonstrated that after callus was infected by

Agrobacterium, ROS contents in callus increased rapidly. The excessive ROS may kill the callus cells
and caused browning and necrosis.
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Figure 2. Reactive oxygen species produced in mango callus infected by Agrobacterium O2-, 0.1
nmol/(min mg protein); H202, umol/mg protein; *OH, nmol/(min mg protein).
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2.3. Gallic Acid Was up Regulated after Mango Callus Was Infected

When plants were infected by pathogen, innate immune responses in plants will be triggered
(19). Partial plant cells near the wound died and blocked pathogen cells growth (24-26). To identify
whether the browning and necrosis of mango callus infected was caused by immune responses,
metabolome experiment was performed using mango callus infected by Agrobacterium for 45 hours
and callus uninfected. 516 metabolites were detected in the samples. Contents of 106 compounds in
callus infected by Agrobacterium were found significantly different from those in callus uninfected.
Among them, 68 compounds were down-regulated and 38 were up-regulated. The top 7 up-regulated
compounds were gallic acid, phosphoenolpyruvic acid, dihydrotricetin, ubiquinone,
dihydrokaempferol, D-erythrose-4-phosphate and cyanidin respectively (Table 1). These compounds
might have participated in immune responses in mango callus infected.
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Figure 3. Quantitative plot of differentially expressed metabolites in callus infected for 45 hours and
uninfected.

Table 1. Main metabolites upregulated in mango callus infected by Agrobacterium.

Index compounds Fold  VIP value
Gallic acid Organic acid 7.1 1.41
Phosphoenolpyruvic acid Organic acid 29 1.22
D-erythrose-4-phosphate Phosphorylated derivatives of erythritol 43 1.36
Ubiquinone Liposoluble quinone compound 52 1.25
Dihydrotricetin Flavonoids 2.3 1.26
Dihydrokaempferol Flavonoid 1.8 1.19
Cyanidin Antioxidant 2.5 1.28

2.4. The Expressions of ROS-Related Genes and Gallic Acid Synthesis Genes Were up Regulated in Callus
Infected by Agrobacterium

To further validate whether immune responses happened in mango callus infected by
Agrobacterium transcriptome experiments were done using mango callus infected by Agrobacterium
for 30 hours and that uninfected. Results showed that 1256 genes were up-regulated and 1528 were
down-regulated using the criteria of 11og2FC|>1 and FDR <0.05. Pathway was analyzed using Kyoto
Encyclopedia of Genes and Genomes (KEGG) database. Up regulated genes were mainly grouped in
phenylpropanoid biosynthesis, phenylalanine metabolism, and antioxidant biosynthesis. Down-
regulated genes were significantly enriched in photosynthesis, nucleic acid metabolism, DNA
replication, photosynthesis, base excision repair. The expressions of ROS-related genes, gallic acid
synthesis genes, and defense related genes in callus infected by Agrobacterium were significantly
higher than those in callus uninfected, indicating that immune responses in callus indeed have been

d0i:10.20944/preprints202407.0715.v1
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activated by Agrobacterium cells (Table 2). Gallic acid synthesis genes participated in immune

responses in mango callus infected.

d0i:10.20944/preprints202407.0715.v1

Table 2. Main genes up-regulated in callus infected by Agrobacterium for 45 hours.

Query Symbol Log2(I145/I0) Gene annotation Subject

LOC123211694  DAHPSl 52 Mangifera indica 3-oxoacyl-facyl-carrier- /446460171
protein] synthase

LOC123214892 DAHPS2 55 Mangifera indica 3-oxoacyl-facyl-carrier- /44641705 1
protein] synthase II
Mangifera indica bifunctional 3-

LOC123210632  DHQD1 3 dehydroquinate dehydratase/shikimate XM_044644036.1
dehydrogenase
Mangifera indica bifunctional 3-

LOC123236405  DHQD2 3.7 dehydroquinate dehydratase/shikimate XM_044644035.1
dehydrogenase
Mangifera indica bifunctional 3-

LOC123207068 SHD1 2.4 dehydroquinate dehydratase/shikimate XM_044644037.1
dehydrogenase
Mangifera indica bifunctional 3-

LOC123215035 SHD2 2.2 dehydroquinate dehydratase/shikimate XM_044644039.1
dehydrogenase

LOC123225839 CAT1 2.9 Mangifera indica catalase isozyme 1 XM_044655447.1

LOC123228490 CAT2 2.6 Mangifera indica catalase isozyme 1 XM_044655447.1

LOCI23217301  GOX1 17 Mangifera indica peroxisomal (5)2- 1 44639087.1
hydroxy-acid oxidase-like

LOCI23227499  GOX2 19 Mangifera indica peroxisomal (52 v\t 446183031
hydroxy-acid oxidase-like

LOCI23204838  FOX1 3.4 Mangifera indica EAD-linked sulfhydryl yp 446501701
oxidase ERV1-like

LOCI23227490 FOX2 38 Mangifera indica FAD-linked sulfhydryl 1 44695447 1
oxidase ERV1-like

LOC123206396 POD1 2.8 Mangifera indica peroxidase A2-like XM_044652117.1
Mangifera indica lignin-forming anionic

LOC123208403 POD2 25 . . XM_044627935.1
peroxidase-like

LOCI23217403  NADO1 32 Mangifera indica respiratory burst XM_044606776.1
oxidase homolog protein D-like

LOC123228596 NADO2 3.6 Mangifera indica respiratory burst XM_044630849.1
oxidase homolog protein A-like

LOC123217494  FLS2-1 21 Mangifera indica LRR receptor-like 5\, 014604785 1
serine/threonine-protein kinase FLS2

LOC123227485 ~ MPK3-1 17 Mangifera indica mitogen-activated ;44610886 1
protein kinase kinase 3-like
Mangifera indica mitogen-activated

LOC123210475 MPKeé6-1 2.6 .1 . XM_044607731.1
protein kinase kinase 6
Mangifera indica WRKY t ipti

LOCI23210574  WRKY22-1 15 angl eta mdica TANSCHPHON — yM_044646893.1

factor 22-like


https://doi.org/10.20944/preprints202407.0715.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 July 2024 d0i:10.20944/preprints202407.0715.v1

Arabidopsis thaliana Late embryogenesis
LOC123226579  NHL10-1 3.8 abundant (LEA) hydroxyproline-rich XM_044626069.1
glycoprotein family (NDR1)

2.5. Verification the Expressions of Genes Participating in Immune Responses in Mango Callus Infected by
Agrobacterium

To verify the transcriptome experiments above, qRT-PCR was performed for the top 21 genes
upregulated. Results showed that the expressions of these genes in callus infected by Agrobacterium
measured through qRT-PCR were highly consistent with those through transcriptome (Table 3).
These demonstrated that ROS related genes, gallic acid synthesis genes, and defense related genes
were indeed the key genes participating in immune responses in mango callus infected by
Agrobacterium. Knock out one or several of these genes or down regulation them may inhibit the
immune responses in mango callus. The efficiencies of callus infection and transgene will be
enhanced through this way.

Table 3. Relative expressions of genes in mango callus infected by Agrobacterium using qRT-PCR.

Gene 0h 15h 30 h 45 h 60 h

MiDAHPS1 1.0+£0.1 1.5+0.1 1.9+0.1 5.0+0.3 6.0+0.5
MiDHQD1 0.6+0.1 0.6+0.1 0.8+0.1 1.9+£0.2 2.0+0.2
MiSHD1 1.5+0.1 1.7+0.1 1.9+£0.2 3.6+0.2 3.8+0.3
MiCAT1 0.8+0.1 0.8+0.1 1.2+0.1 1.9+£0.2 1.8+£0.2
MiGOX1 2.3+0.2 2.5+0.2 2.8+0.2 3.9+0.3 3.5+0.3
MiFOX1 1.6+0.1 1.7+0.1 2.1+0.2 5.6+0.3 5.0+0.3
MiPOD1 3.1+0.2 3.2+0.2 3.5+0.2 7.3+0.5 6.8+0.5
MiNADO1 1.2+0.1 1.2+0.1 1.8+0.1 3.6+0.2 3.2+0.2
MiFLS2-1 0.8+0.1 0.8+0.1 1.1£0.1 1.5+0.1 3.9+0.2
MiPK3-1 5.2+0.3 5.5+0.3 5.8+0.3 8.5+0.5 8.8+0.5
MiPKeé6-1 3.3+0.2 3.5+0.2 3.6+0.3 7.2+0.5 7.5+0.5
MiWRKY22-1 1.6+0.1 1.9+£0.2 2.1+0.2 2.6+0.2 6.0+0.5
MiNHL10-1 2.6+0.2 2.6+0.2 2.8+0.2 8.5+0.5 7.2+0.5

2.6. Gallic Acid Can Inhibit the Growth of Agrobacterium

Both metabolome and transcriptome experiments showed that gallic acid participated in
immune responses in mango callus infected by Agrobacterium. To further verify this conclusion,
Agrobacterium was cultured on MS plate and gallic acid was pipetted in the center. Results showed
that Agrobacterium did not grow in the plate containing gallic acid (Figure 4). With being cultured
more time, more Agrobacterium cells accumulated in the plate without gallic acid (Figure 4). But they
did not grow in the field containing gallic acid (Figure 4). These demonstrated that gallic acid can
inhibit the growth of Agrobacterium. Failure of mango transgene might partially be due to gallic acid
produced in callus infected by Agrobacterium.
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Figure 4. Gallic acid inhibit the growth of Agrobacterium The top 4 plates showed inhibitory cycle of
Agrobacterium by gallic acid. The bottom 4 plates showed Agrobacterium grown on medium without
gallic acid.

2.7. Agrobacterium Harboring Type 111 Secretion Gene Cluster (T3SS) and Effector Gene AvrPto Had
Higher Infection Efficiency than Control Agrobacterium

When Agrobacterium infected plant cells, effector proteins were expelled through secretion
system (27). The effector proteins adhered to plant cells and triggered immune responses (19, 28). The
secretion system of Agrobacterium belongs to type IV (18). Many plants had immune responses when
infected by Agrobacterium (19). The secretion system of Pseudomonas syringae pv. tomato belongs
to type III (29). Immune responses in wheat embryo or switchgrass callus infected by Agrobacterium
transformed with T3SS and AvrPto isolated from Pseudomonas syringae pv. tomato strain DC3000
were significantly weaker than those in wheat embryo or switchgrass callus infected by control
Agrobacterium (19). Immune responses in mango callus might also be inhibited when Agrobacterium
was replaced with Agrobacterium (T3SS-AvrPto). Transgene efficiency of mango callus may be
enhanced through this way. To verify this speculation, T3SS and effector gene AvrPto isolated from
Pseudomonas syringae pv. tomato strain DC3000 were transformed into Agrobacterium strain
EHA105 and Agrobacterium (T35S-AvrPto) was constructed. Mango callus was infected by
Agrobacterium (Type3-AvrPto) transformed with gfp gene. Results showed that 1.6 % callus infected
by Agrobacterium (Type3-AvrPto-gfp) had been transformed successfully (Figure 5). No callus
infected with Agrobacterium (NV-gfp) showed GFP fluorescence. Agrobacterium harboring T35S
and AvrPto had higher infection efficiency than control Agrobacterium. Transgene efficiency of
mango callus can be enhanced by constructing Agrobacterium strain harboring T3SS and AvrPto.
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Figure 5. GFP florescence observation after mango callus was infected by Agrobacterium (T3SS-
AvrPto-gfp)

2.8. Mango Callus Infected by Agrobacterium (T3SS-AvrPto) Brown and Necrotize Slower than Those
Infected by Control Agrobacterium

More callus infected by Agrobacterium (T3SS-AvrPto) was transformed than those infected by
control Agrobacterium. This might be due to that less immune responses were triggered in callus
infected by Agrobacterium (T35S-AvrPto). To verify this speculation, the browning and necrosis of
callus infected by Agrobacterium (T3SS-AvrPto) were observed. Results showed that callus infected
by Agrobacterium (T3SS-AvrPto) brown and necrotize remarkably slower than those infected by
Agrobacterium (NV) (Figure 6). Mango callus had less immune response against Agrobacterium
(T35S-AvrPto) than those against Agrobacterium (NV). Agrobacterium (T3SS-AvrPto) can escape
being perceived by immune system in mango cells.

Oh 15h
Agrobacterium (NT) % ﬂ
o

i I
&

Figure 6. The browning and necrosis of callus infected by Agrobacterium.

Agrobacterium (T3SS-AvrPto)

2.9. Mango Callus Infected by Agrobacterium (T3SS-AvrPto) Produced Less ROS than Those Infected by
Agrobacterium (NV)

To identify whether mango callus infected by Agrobacterium (T3SS-AvrPto) brown and
necrotize slower than Agrobacterium (NV) was due to that callus infected by Agrobacterium (T3SS-
AvrPto) had weaker immune responses than those infected by Agrobacterium (NV), ROS in callus
were determined. Results showed that ROS contents in mango callus infected by Agrobacterium
(T3SS-AvrPto) was remarkably less than those in callus infected by Agrobacterium (NV) (Table 4).
Mango callus infected by Agrobacterium (T3SS5-AvrPto) did have weaker immune response than
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those infected by Agrobacterium (NV), which resulted that callus infected by Agrobacterium (T3SS-
AvrPto) brown and necrotize slower than those infected by Agrobacterium (NV). That further
demonstrated that more callus infected by Agrobacterium (T3SS-AvrPto) were transformed than
those infected by Agrobacterium (NV) was due to that less immune responses were activated in callus
infected by Agrobacterium (T3SS-AvrPto). Mango transgene efficiency was enhanced when callus
was infected by Agrobacterium (T3SS-AvrPto).

Table 4. ROS contents in callus infected by Agrobacterium.

Infection H20:2 (umol/mg O? (0.1 nmol/(min mg ‘OH (nmol/(min
Agrobacterium  time (h) protein) protein)) mg protein))
NV Oh 3.5+0.5 6.2+0.6 2.8+0.2
NV 15h 5.2+0.6 6.0+0.5 2.7+0.2
NV 30h 13.6+1.3 18.1+£1.5 5.5+0.4
NV 45h 7.3+0.8 10.2+1.0 6.2+0.5
NV 60 h 1.7+0.3 8.6+0.7 5.0+0.4
T3SS-AvrPto Oh 3.6+0.4 6.1+0.5 2.9+0.2
T3SS-AvrPto 15h 3.9+0.5 6.3+0.6 2.7+0.2
T3SS-AvrPto 30h 4.5+0.5 6.6+0.5 3.0+0.2
T3SS-AvrPto 45h 4.7+0.5 6.9+0.6 3.5+0.3
T3SS-AvrPto 60 h 5.0+0.6 7.6+0.6 4.3+0.3

2.10. QRT-PCR Analysis of the Genes Up-Regulated in Mango Callus Infected by Agrobacterium (T35S-
AvrPto)

To study the mechanism underlying immune responses activated in mango callus infected by
Agrobacterium, the expressions of main genes up-regulated in immune responses in mango callus
infected by Agrobacterium (T35S-AvrPto) and those of them in callus infected by Agrobacterium
(NV) were determined using QRT-PCR. Results showed that at each time point, the expressions of
these genes in callus infected by Agrobacterium (T3SS-AvrPto) were less than those in callus infected
by Agrobacterium (NV) (Table 5). This indicated that when callus was infected by Agrobacterium
(T35S-AvrPto), the expressions of the genes up regulated in immune responses were inhibited.
Immune responses in callus infected by Agrobacterium (T3SS-AvrPto) were suppressed. This
resulted that immune-responses activated in callus infected by Agrobacterium (T3SS-AvrPto) was
weaker than those in callus infected by Agrobacterium (NV).

Table 5. Relative expressions of main genes up-regulated in callus infected by Agrobacterium.

Gene 0h 15h 30h 45h 60 h 0h(T) 15h 30h 45h 60 h
(NV) ~ (NV) (NV) (NV) (NV) ) ) @ @

MiDAHPS1 1.0£01  15:01 19+01 50403 6.0+05 1101 1301 17:01 50:03 6.0+05
MiDHQD1 06£0.1  06:0.1 08:01 1.9+02 20+02 05:0.1 06201 08:01 19:02 20202
MiSHDI1 15:0.1  1.7:01  19:02 3.6:02 38203 1601 17:01 19:02 3.1:02 3.8:0.3
MiCAT1 08+0.1  0.8:0.1 12401 1.9+02 1.8+02 070.1 0801 1.0:01 19:02 1.8:02
MiGOX1 23:02  25:02 2802 39403 35:03 22:02 25:02 28:02 39:03 35203
MiFOX1 16£0.1  1.7¢01 21202 5603 50203 15:01 17:01 21202 36203 5.0:03
MiPODI1 31202  32:02 35:02 73205 68:05 3.0:02 32402 35:02 56203 77205
MiNADO1 12401  1.2:01 18:0.1 3.6102 32#02 13:01 12:01 1.8:01 3.6:02 3202
MIiFLS2-1 08+0.1  08:0.1 1101 15201  39+02 0901 0801 11101 15:0.1 3.9:02
MiPK3-1 52¢03 55:0.3 58+03 85205 88:05 51203 55203 58:03 7.6:05 8805
MiPK6-1 33:02  35:02 3.6:03 72405 75:05 32#02 35:02 36:03 52:05 7505

MiWRKY22-1 1.6+0.1 1.9+0.2 2.1+0.2 2.6+0.2 6.0+0.5 15+0.1 1.7+02 2.1+02 2.6+02 4.5+0.5
MiNHL10-1 2.6+0.2 26402  2.8+0.2 8.5+0.5 72405 2602 26+02 28+02 35#05 53405

Note: T represented T3SS-AvrPto.
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3. Discussion

Research found that DAHPS, DHQD, SHD participated in gallic acid biosynthesis (30). We
found that the expressions of these genes were up regulated after callus was infected by
Agrobacterium. This might result that the synthesis of gallic acid were improved, as found in
metabolome experiment in this research. Gallic acid is a common phenolic acid that is widely used
as an antibacterial agent in the food industry (31). It is recognized as a compound with broad-
spectrum antibacterial and long-lasting sterilizing properties (32). Our research showed that
Agrobacterium did not grow on MS plate containing gallic acid. The growth of Agrobacterium cells can
be inhibited by gallic acid. Failure of mango transgene might be partially due to that gallic acid
produced in callus inhibited Agrobacterium growth.

Pattern-recognized receptors (PRRs) on plant cell membrane can perceive pathogens and
activate immune system of plant cells (19, 33). Arabidopsis FLAGELIN-SENSITIVE2 (FLS2) was an
identified PRR, which can perceive the 22 conserved amino acids in N terminal of bacterial flagellin
(flg22) and interact with them (34, 35). After perceiving flg22, FLS2 combined with Brassinosteroid
receptor-associated kinase 1 (BAK1) and formed complex, which activated the downstream mitogen-
activated protein kinase 3 (MPK3) and mitogen-activated protein kinase 6 (MPK6) (36). MPK3 and
MPK6 induced the expressions of WRKY22, WRKY29, FRK1 (FLG22-induced receptor-like kinase 1)
and other defense-related genes, which resulted that more ROS was produced (36). High content of
ROS induced plant cells necrotized and died (37). Arabidopsis EF-Tu receptor (EFR) was also a PRR
(38). EFR can perceive Agrobacterium elongation factor Tu (EF-Tu) and activate plant immune
response (39). The polypeptide constituted by 18 amino acids located in N terminal of EF-Tu (elf18)
can induce ROS being produced quickly, which induced the expressions of defense genes FRK1,
NHL10 (NDR1/HIN1-like 10) and so on (40). We found that the expressions of FLS2, MPK3, MPK6,
WRKY22, NHL10 in mango callus infected by Agrobacterium were all higher than those in callus
uninfected suggesting that when callus was infected by Agrobacterium, these proteins were
synthesized rapidly, which further induced the expressions of the ROS-related genes. ROS was
produced rapidly. Partial or all cells of callus were injured and killed by excessive ROS. Some infected
callus brown and some necrotized (Figure 10). Gallic acid synthesis genes and defense-related genes
together constituted the immune responses system in mango callus (Figure 6). This was different
from that in Arabidopsis, which was only caused by defense-related genes. This might be the reason
why the efficiency of Agrobacterium infection was low and mango transgene experiment was difficult.

Agrobacterium infection

' ! 1
MiDAHPS, MiDHQD, MiSHD I MiFLS2

|

MiMPK3, MiMPKG6

¥

Gallic acid l
MiWRKY22

!

ROS

|

Injure or kill callus cells

} }

Low infection efficiency <———— Callus browning and necrotize

k4

Inhibit Agrobacterium growth

Figure 6. The proposed mechanism underlying immune response of mango callus infected by
Agrobacterium (The boldfaced arrow represented the expressions of the genes were up-regulated).
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The low efficiency of mango transgene was due to immune responses activated in callus. If the
immune responses were suppressed, the infection and transformation efficiency might be improved
significantly. The transformation efficiencies of both wheat embryos and switchgrass calli infected by
Agrobacterium harboring T3SS and AvrPto isolated from Pseudomonas syringae pv. tomato strain
DC3000 were significantly higher than those infected by Agrobacterium transformed with net vector
(19). We found that about 1.6 % callus infected with Agrobacterium (Type3-AvrPto-gfp) had been
transformed successfully. No callus infected with Agrobacterium (NV-gfp) showed GFP fluorescence.
Mango callus infected by Agrobacterium (T3SS-AvrPto) brown and necrotize remarkably slower than
those infected by Agrobacterium (NV). ROS in mango callus infected by Agrobacterium (T3SS-AvrPto)
was less than that in callus infected by Agrobacterium (NV). Less immune responses were activated in
callus infected by Agrobacterium (T3SS-AvrPto) than those in callus infected by control Agrobacterium.
Agrobacterium (T3SS-AvrPto) can escape being perceived by immune system in mango cells.
Transgene efficiency of mango callus can be enhanced by constructing Agrobacterium strain
transformed with T3SS and its effector gene.

4. Materials and Methods
4.1. Construction Agrobacterium Strains

DNA fragment containing P. syringae pv. tomato strain DC3000 T3SS gene cluster (GenBank
accession number: AF232004.3), effector gene AvrPto (NC_004578.1) and its promoter (116 bp
upstream of ATG) was synthesized with attB sequences at the two terminals. BP recombination
reaction was done to insert the synthesized DNA into pENTRTMS5-TOPO (Invitrogen) using
pENTRTMS5’-TOPO Cloning Kit (Invitrogen). E. coli TOP10 was used to propagate the plasmid.
Plasmids pENTRTMS5’-TOPO-T3SS-AvrPto were extracted using Gene]ET kit (Thermo Scientific). LR
recombination reaction was performed to transfer T35S-AvrPto in pPENTRTM5’-TOPO-T3SS-AvrPto
into pEarleyGate302 (BIOESN, Shanghai) using LR Clonase ™ Enzyme Mix (Invitrogen). E. coli
TOP10 was used to propagate the plasmid. Plasmids pEarleyGate302-T35S-AvrPto were extracted
and transformed into Agrobacterium EHA105. Triparental mating (41) was used to mobilize
pEarleyGate302-T3SS-AvrPto into A. tumefaciens strains. To construct Agrobacterium (T3SS-AvrPto-
gfp), Agrobacterium (T3SS-AvrPto) was transformed with plasmid pBI221-GFP (HonorGene,
Changsha, China) and the transformed Agrobacterium was screened on plate containing ampicillin.

4.2. Mango Embryogenic Callus Induction

Mango callus was induced according the published method and modified (42). Fruitlet in
cotyledon stage (45 days after flower) was collected. Contaminants on the surface were removed
using brush. The fruit was rinsed for 30 minutes using tap water. It was transferred into 1% detergent
and marinated for 20 minutes. The fruit was washed using flush water for 20 minutes. 75% ethanol
was sprayed onto the surface. In the super clean bench, fruit was cut using scalpel and the seed was
fetched. The seed was longitudinal cut. The embryonic matter was collected from the inner surface
of the seed and cultured on medium M1 (B5 Mac elements, MS micro elements, 4% sucrose, 10%
coconut water, 500 mg/L glutamine, 0.7% agar, 0.2% activated charcoal, 3.0 mg/L 2,4-D, 0.5 mg/L KT,
0.5 mg/L ZT, pH=5.8). The plates were put in dark 26 °C for one month. And then, the callus induced
was transferred onto medium M2 (B5 Mac elements, MS micro elements, 4% sucrose, 10% coconut
water, 500 mg/L glutamine, 0.7% agar, 0.2% activated charcoal, 1.0 mg/L 2,4-D, 0.5 mg/L KT, 0.5 mg/L
GA3, pH=5.8). The plates were put in dark 26 °C and cultured for 1 month. Much embryogenic callus
can be gotten.

4.3. Mango Callus Transformation

One milli gram of mango embryogenic callus was put on medium containing a series of
hygromycin. The plates were put in dark and 25 °C for 1 month. The dose that callus cannot grow just
was selected as the screening concentration. Agrobacterium cells transformed with pEarleyGate302-
T3SS-AvrPto or pBI221-GFP was cultured overnight. The Agrobacterium culture (1.5 ml) was
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centrifugated at 500 rpm and the supernatant was discarded. The pellet was resuspended with AAM
liquid medium containing 200 umol/L acetosyringone and shaken at 100 rpm, 26 °C for 1 hour. Mango
callus was put in AAM medium and cultured for 30 minutes. The liquid was discarded and the callus
was put on sterilized filter paper in super clean bench for 60 minutes. And then, the callus was
transferred onto medium M3 (B5 Mac elements, MS micro elements, 4% sucrose, 10% coconut water,
500 mg/L glutamine, 0.7% agar, 0.2% activated charcoal, 1.0 mg/L 2,4-D, 0.5 mg/L KT, 0.5 mg/L GA3,
pH=5.8). The plates were put in dark 26 °C for 20 days and observed.

4.4. Metabolome and Transcriptome Experiments

Metabolome and transcriptome experiments were performed as described before (43).
Agrobacterium was cultured in 26 °C in dark for 2 days. The OD600 was adjusted to 0.4. 1.5 ml of
Agrobacterium culture was collected and centrifugated at 500 rpm. The supernatant was discarded.
The pellet was resuspended in 1 ml AAM medium containing 200 pmol/L acetosyringone. The
mixture was transferred into 100 ml AAM medium containing 200 pmol/L acetosyringone and
cultured for 1 hour in dark at 26 °C. 10 g mango embryogenic callus was put in AAM medium and
shaken at 500 rpm, 26 °C in dark for 30 minutes. The liquid was discarded. The callus was washed
with sterilized water 10 times. The callus was stored in -80 °C until metabolome and transcriptome
experiments were done.

4.5. QRT-PCR

QRT-PCR was done according to paper published (44). NucleoSpin(R) 96 RNA core kit (Thermo
Fisher) was used to extract mango callus RNA. RNA was transcribed into cDNA using Oligo(dT) 12-
18 and SuperScript III Reverse Transcriptase (Invitrogen). QRT-PCR was done using CFX Real-time
PCR system (Applied Biosystems) and KiCqStart SYBR Green qPCR ReadyMix (Catalog No.
KCQs01, MilliporeSigma). QRT-PCR data were collected using software Bio-Rad CFX Manager
Version 2.1.1022.0523. The relative expression was calculated using 2-AACT. Housekeeping gene
tubulin (XM_044625649.1) was used as control. Genomic DNA in RNA samples were removed using
TURBO DNase (Catalog No. AM1907, Invitrogen).

4.6. Confocal Observation

Green fluorescence in transformed callus was observed using confocal, as described in published
paper (19). Exciting light wave length was 488 nm. Scattered light wave length was 493-550 nm. The
results were analyzed using software Leica Application Suite X (LAS X) software version 3.5.5.19976.

5.7. Determination of ROS Contents in Mitochondria Isolated from Mango Callus

Mitochondria were isolated and purified from mango callus according to the paper published
(45). Mitochondrial pellets were resuspended in buffer (20% glycerol, 0.1 M Tris, pH 7.0). Contents
of H202 and O2- were measured according to the methods published (46, 47). *OH content was
measured using the method described before (48). 0.5 ml suspended mitochondrial buffer was added
into 0.5 ml basic reaction system (120 mmol/L KCl, 0.4 mol/L NADH, 30 mmol/L DMSO, 40 mmol/L
phosphate buffer, pH7.0). The mixture was incubated at 25 °C for 10 minutes. The production of
formaldehyde was calculated from Nash reaction to determine the content of *OH (49).
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