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Abstract

Polyploid seeds production is laborious, complicated, and costly work. Tetraploid and
triploid plants produce a fewer number of seeds/fruit, and triploid embryos are fairly
weak, covered with a more hardened seed coat as compared to diploid seeds. Here we
investigated the interactive effect of new grafting technique of polyploid watermelon
scion onto rootstock on plants' survival rate, biochemical, and hormones contents. In
this study, three different branches, apical meristem (AM), branch with 1 node (1N),
and 2 nodes (2N) from di, Tri, and tetraploid watermelon plants, were used as scion and
grafted onto squash rootstock. The results showed highly significant differences
between polypoid watermelon when 1N using as a scion, tetraploid showed maximum
survival rates, higher contents of hormones, and antioxidants (AOX) activities,
compared to diploid, these may be the possible reasons for high compatibility in
tetraploid and degrading the grafting zone in diploid. RTg-PCR results confirm that the
expression of genes linked to compatibility is consistent with the hormonal and AOX
activities. This study provides an alternative and economical approach to produce more
tetraploid and triploid plants for breeding or seeds production by using branches as

scions.
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31 1. Introduction

32  Watermelon is the fifth most-consumed flesh fruit worldwide and occupies 7% of the
33  cultivated land for fruits and vegetables (FAOSTAT 2018). Seedless watermelons are
34  the most desirable watermelon cultivars presently available to consumers and command
35 a high price and more excellent quality than seeded watermelon [1]. Seedless
36  watermelons are produced by crossing a tetraploid seed parent with a diploid pollen
37  parent [2]. Tetraploid induction can be done by different methods like applying aqueous
38 chemicals (colchicine, Oryzalin, and Dinitroaniline) solution to the growing apex of
39 diploid seedlings or by soaking diploid seeds before germination [3]; these chemicals
40 are toxic to the plant material treated, so the percentage of success was low [4].
41  However, seedless watermelon production has been hampered by high seed cost and
42  poor seed germination. High seed cost has generally been because of difficulties in
43  obtaining a sufficient number of tetraploid individuals and the low number of seeds
44  only 5-20 seeds/fruit as compared to diploid fruits (600 seeds/fruit). It is important to
45  find a more economical way to increase the number and quality of triploid seeds [5-13]
46  Grafting has a very long history, and evidence of its use has been found in ancient
47  civilizations, e.g., in 1560 BC in China, as discussed by Aristotle (384-322 BC) [14].
48  Recently, the practice of grafting watermelons has become popular in the world
49  Dbecause it can improve disease resistance, tolerance to abiotic stress, fruit quality, and
50 plant size [15-18]. In recent years, splice grafting is one of the most commonly used
51  grafting methods, has achieved about 90% of grafting success, because it is the fastest,
52  most efficient [19-23].

53  Graft compatibility can be defined as a complex biochemical and structural process that
54  begins with an initial wound response, followed by a callus formation, the creation of a
55  continuous cambium, and a functional vascular system between scion and rootstock
56  [24]. All of these steps can determine the future of a grafted plant [25]. However, still
57  now no general rules, on how these treatments affect incompatibility responses [26,27].
58 In fruit trees, graft incompatibility occurs due to the accumulation of phenolic
59  compounds [28]. [29] found that reduced auxin and lignification was associated with
60  high phenols in incompatible grafts and may suggest weak graft unions, or reactive
61  oxygen species [30-33], or hormone imbalance [26,34,35]. IAA, and cytokinin, play an
62  important role in regulating stock—scion interactions [36], and required for vascular

63  bundle regeneration in the graft union [37,38]. Plant hormones are important for
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vascular formation; auxin is important for the differentiation of vascular tissues and
wound healing [15,18,32,33,39-45]. Reactive Oxygen Species (ROS) accumulation leads
to cell death, and oxidative damage depends on the balance between the production of
antioxidant AOX enzymes and ROS [46,47]. Increase the activity of defense enzymes
such as Peroxidase POD, and catalase CAT can scavenge ROS in plants, and improving
the resistance of plants to stress [48,49]. POX and CAT convert H,0; to HO [50]. So the
difference relation between AOX and ROS during the healing process could be used as
a rapid mechanism to verify incompatibility [51]. Lignin is abundant in woody plants
and primarily contributes strength to the cell wall; so, decreased lignin would be
antagonistic to a strong graft union [52].

Up to date, the cause and underlying mechanism for grafting incompatibility
remain elusive, and there is no report on genes associated with grafting
incompatibility [53,54]. More research work needs to be done to fully understand the
mechanisms of graft compatibility and incompatibility [41,52].

The purpose of this research was to study the effect of genome duplication on graft
compatibility, by comparing the factors and parameters which lead to graft
compatibility or incompatibility. This study provides information at the molecular and
physiological levels for the mechanism compatibility in polyploid watermelons, which
should explain the mechanism of compatibility in polyploid watermelon, also to try a
new technique for vegetable propagation by using branches as scions, three different
branches were taken from mother plants and graft on squash rootstock to study the
success of this method. This method will add an option for breeders and seed producers

to save time and money using an asexual method to increase plant numbers.
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2. MATERIALS AND METHODS

2. 1. Plant materials

Seedless watermelons are triploids (3n=33) produced by crossing a tetraploid seed
parent with a diploid (2n=22) pollen parent. Tetraploid induction was done by applying
colchicine to the growing apex of diploid seedlings. Polyploid seeds for one variety
(mimei), which is homozygous and genetically stable, and passed the achievement
appraisal of the Chinese Department of Agriculture in 1990 and won the second prize
of science technology progress of the Department of Agriculture in 1991 [55], were
used as a mother plant and squash interspecific hybrid (xijiagiangsheng) which widely
used in China as a rootstock, obtained from the polyploid watermelon group -
Zhengzhou Fruit research institute (CAAS) China. Tetraploid, triploid, and diploid
watermelon and rootstock seeds were sown in seedling cell trays with 32 cells at the
intelligent greenhouse of Zhengzhou, Henan province, China. After 50-60 days from
the date of transplanting, good and healthy mother plants free of pests and diseases,
especially virus-free, were selected for obtaining different types of scions. From the
healthy mother plants, suitable branches were chosen for scions. Three types of
branches (Figure 1) were taken from mother plants, (a) apical meristem (AM), (b) the
branch having one node and one leaf (1N), and (c) the branch has two nodes and one
leaf (2N) as mentioned by [10]. The grafting process was performed after 15 and 20
days after rootstock seeds sowing. The splice grafting method was used [19] (Figure
S1). Rootstock seedlings were subjected to adaptation before and after grafting to
increase the survival rate, as mentioned by [56,57].

Figure 1. Three types of branches were taken from mother plants to use as scions in di, Tri, and tetraploid watermelon, (A) apical

meristem (AM), (B) branch has one node, and one leave (1N), and (C) branch has two nodes (2N)

d0i:10.20944/preprints202009.0682.v1


https://doi.org/10.20944/preprints202009.0682.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 September 2020 d0i:10.20944/preprints202009.0682.v1

113 As the survival rate by using one node was higher and had significant differences
114  between Di, Tri and Tetra watermelon, the samples (grafting union) from branch with
115  one node (1N) Were collected at three different stages, (0, 3, and 15 days after grafting)
116  for the determination of hormones, AOX and RNA extraction. Plants were cultivated in
117  the growth chamber and the growth condition was set to 25-30 °C temperature and 60-
118  85% humidity. The sensor in the center of each experimental plot was used to record
119  data for temperature and humidity (THtool-V151 En; Campbell Scientific Ltd., China).

120 2.2. Data collection
121  2.2.1. Survival rates

122 Survive rates were investigated after 15 days using the formula [49].

123 Survival rate = Number of survived grafted plants 100

Total number of grafted plants

124  2.2.2. Detection of Hormones Content by ELISA

125  Samples were collected from the graft union at 0, 3, and 15 days after grafting (DAG)
126 with three biological replicates. The contents of endogenous Indole-3-acetic acid (1IAA)
127 and Zeatin Riboside (ZR) were measured with the Enzyme-Linked Immunosorbent
128  Assay (ELISA) method (College of Agriculture and Biotechnology, China Agricultural
129  University) with three biological replicates for each set of treatments. The

130  determination of hormonal contents was performed as outlined by [36].

131  2.2.3. Assay for antioxidants enzymes activity and H2O> contents

132  SOD assay kit/ YX-C-A500 was used for the measurement of superoxide dismutase
133 activity at 560 nm wavelength. CAT assay kit/BC0200 for Catalase assay using 240 nm
134  wavelength, POD assay kit/ YX-C-A502 for peroxidase activity using 570 nm
135  wavelength, and H20- assay kit/ YX-C-A400 for Hydrogen peroxidase content using
136 415 nm wavelength, (Sino best biological technology co, Ltd, Beijing, China)
137  according to the manufacturer’s instructions. Three biological replications from
138  grafting union at 0, 3, and 15 (DAG) from three different plants for each replicate were
139  collected for analysis. The activities of the antioxidant enzymes were expressed as unit
140  U/g FW sample.

141 2.2.4. Quantification of biochemical at different stages

142 All experiments were carried out using starch assay kit/ YX-C-C400 for starch content
143  estimation at 620 nm wavelength, lignin assay kit/ YX-C-B636 for lignin content using
144 280 nm wavelength, and phenol assay kit/ YX-C-A507 for total phenols content using
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145 760 nm wavelength. (Sino best biological technology co, Ltd, Beijing, China)
146  according to the manufacturer’s instructions. Three biological replications from
147  grafting union at 0, 3, and 15 DAG from three different plants for each replicate were
148  collected for analysis.

149  2.2.5. ldentification of genes involved in the compatibility mechanisms.

150 The protein sequences of genes involved in compatibility mechanisms were
151  downloaded from the watermelon database http://cucurbitgenomics.org/organism/2. A
152  total of 26 genes involved in compatibility mechanisms were identified based on the
153  similarity index between protein sequences. The protein sequences for compatibility
154  mechanisms in watermelon were downloaded from the 97,103 Watermelon Genome
155  Database. MEGA 6 software was used to draw phylogenetic trees of selected genes.
156  The clustalW tool was first used for the alignment. Afterward, the neighbor-joining
157  method, with 1000 bootstrap replicates, was used [58,59]. The phylogenetic trees were

158  constructed using protein sequences of the compatibility mechanisms.

159  2.2.6. Characteristics and structural analysis of genes responsible for compatibility

160  mechanisms in watermelon

161  Gene names, accession number of genes, genomic lengths, coding sequences (CDS)
162 lengths, protein sizes, and isoelectric points (pls) and Mw (Da) were downloaded from
163  http://cucurbitgenomics.org/organism/1 and ExPASYy http://web.expasy.org/computepi/
164  databases. Gene Structure Display Server (GSDS), a web-based bioinformatics tool,
165  was used to give a structural representation to selected watermelon genes responsible
166 for sugars and organic acids metabolism and transporter genes, including
167  upstream/downstream regions, coding sequences (CDS), and intron numbers were
168  constructed [60].

169  2.2.7. Isolation of RNA and first-strand cDNA synthesis

170 Using a Total RNA Kit (Tiangene, China), we extracted the total RNA from the
171  grafting union according to the manufacturer’s instructions. Samples from grafting
172 unions were taken at three stages (0, 3, and 15 days after grafting). We detected RNA
173 degradation and contamination on a 1% agarose gel. Using a NanoDrop ND-1000
174  spectrophotometer (Thermo Scientific, Wilmington, DE, USA) and an Agilent 2100
175 Bioanalyzer (Agilent Technologies, CA, USA), the quantity quality of RNA was

176  checked according to manufacturer’s instructions. To carry out quantitative reverse-
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177  transcription PCR (RTg-PCR), cDNA was synthesized from RNA with M-MLV
178  Reverse Transcriptase (Promega, USA) and diluted 20 ng/ul.

179  2.2.8. RTg-PCR expression analysis of genes involved in compatibility mechanisms

180  Genes linked to the compatibility mechanisms were selected from the watermelon
181 genome database (http://cucurbitgenomics.org/organism/21). To check the expression
182  patterns of selected genes in grafted watermelon at 0, 3, and 15 DAG, quantitative
183  reverse transcription PCR (RTg-PCR) was performed. The entire data were analyzed
184  using the 2-AACt method [61]. Three independent biological replicates were used for

185  gene expression analysis [62]. Actin “cla016178” was used as a reference gene [58].

186  2.2.9. Experimental design and statistical analysis

187  Data were statistically analyzed using analyses of variance (ANOVA), with the Stat
188  soft statistical package MSTATC software program (Michigan State University, East
189  Lansing, MI, USA). Mean values of all data for all parameters were subjected to
190 analysis of variance (ANOVA) by using SAS (version 9) computer software programs
191 [SAS inst., 2002]. A least significant difference (LSD) was used to compare significant
192  means at 5% probability level.

193
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3. RESULTS

3.1. Survival rates of Di, Tri, and tetraploid watermelon

Plant survival rates were recorded for all the grafting combinations among diploid (Di),
triploid (Tri), and tetraploid (Tetra), grafted by different parts from mother plants on
interspecific rootstock during two consecutive seasons, March and August 2018. The
statistical analysis showed highly significant differences between Di, Tri, and Tetra
when 1N was used as a scion, and the combined analysis for two seasons gave 45.45,
55.45, and 78.03% in Di, Tri, and Tetra watermelon respectively. Grafting by AM gave
the highest survival rate 93.3, 96.67, and 96.67 % in the first season and 96.67, 100,
and 100 % in the second season in Di, Tri, and Tetra watermelon, respectively, but no
significant differences were observed between polyploids. Also, branch with 2 nodes
(2N) did not show any significant differences between polyploids in terms of survival
rate 86.67, 83.33 and, 83.33 % in the first season and 90, 93.33, and 96.67 % in the
second season in Di, Tri, and Tetra watermelon respectively, (Figure: 2 and 3) (Figure
S2, and S3). Our results also showed the suitability of vegetative propagation using

AM, 2N, and 1N branches as scions in tetraploid watermelon, it is a new method for
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Figure 2. The effect of Scion/rootstocks combinations on the survival rate of polyploid watermelon grafting union at

15 days after grafting observed a significant difference between AM and 1N. AM: Apical Meristem, 1N: Branch with
1Node, 2N: Branch with 2Nodes.
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Figure 3. Effect of Scion/rootstocks combinations on the survival of polyploid watermelon grafting union at 15 days
after grafting. No significant differences between polyploids when AM and 2N were used as scions, but 1N showed

highly significant between di and tetraploid. New branches can be observed in cycles. (A): Apical Meristem (AM),
(B) Branch with 2Node (2N), (C): Branch with 1Nodes (1N), DAG: Days after Grafting.

3.2. Measurement of IAA and ZR in the grafting union among Di, Tri, and tetraploid
watermelon at different days after grafting

Ploidy level (Di, Tri, and Tetra) exerted a significant effect on IAA content in the graft
union at all stages 0, 3, and 15 days after grafting (DAG) (Figure 4). At 0 DAG, the
contents of IAA in Tetra were 2.26 and 2.35-fold higher than Di in the first and second
season, respectively, while in Tri, IAA was 1.4 and 1.38-fold higher than Di in the first
and second season, respectively. Also, the increment rate of IAA in the graft union at 3
DAG in all polyploids; were 23.88, 37.93, and 23.68% in the first season and 26.35,
35.82, and 25.34% in the second season in Di, Tri, and Tetra watermelon, respectively.
The content of IAA was higher in Tetra, followed by Tri and Di watermelon at 0, 3, and

15 DAG, respectively.

Whereas ZR showed no significant differences between Di and Tetra at 0 DAG, while
at 3 and 15 DAG, there were highly significant differences in both seasons_(Figure 4).
The results at 3 and 15 DAG showed that the content of the ZR starts to increase
significantly in Tetra than Di and Tri. At 3 DAG, the content of ZR was increased by
59.43 and 42.9% during the first, and second season respectively, and by 18.69 and
37% at 15 DAG during both seasons.
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Figure 4. Effect of Scion/rootstocks combinations on 1AA and ZR hormones on polyploids watermelon grafting
union at 0, 3, and 15 days during March 2018 and August 2018 cropping seasons. The values are means of fifteen
independent plants (n = 15). Different letters (a, b, c, d, and €) in rows indicate significant differences at P < 0.01
using Duncan'ts multiple range test. |1AA: Indole acetic acid, ZR: Zeatin Riboside, Di: Diploid, Tri: triploid, Tetra:
Tetraploid, DAG: Days after grafting.

3.3 Measurement of Antioxidants (POD, SOD, and CAT) and H2O: in the grafting
union among Di, Tri, and tetraploid watermelon at different days after grafting

The increase of antioxidants (AOX) activity such as peroxidase (POD) and catalase
(CAT) can scavenge reactive oxygen species (ROS) in plants, thus improving the
resistance of plants to stress. Antioxidant enzyme activities were substantially affected
by the grafting process between polyploid watermelon [48,49]. After grafting, the results
of POD showed highly significant differences between different ploidy watermelons
during both seasons (Figure 5). The highest POD activities 2.87 and 2.05-fold was
recorded in Tetra at 0 DAG in comparison to Di, and 1.48 and 1.19-fold as compared to
Tri in the first and second season, respectively. Higher POD activities in the graft union
were observed at 3 DAG in all polyploids, with increment rates of 124.84, 98.88, and
89.83% in the first season and 22.34, 16.25, and 63.21% during the second season in
Di, Tri, and Tetra watermelon respectively. While at 15 DAG, the increment rates were
(46.86, 47.04, and 47.09%) in the first season and 80.53, 18.64, and 17.74% during the

second season in Di, Tri, and Tetra watermelon, respectively.
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260 Figure 5. Effect of Scion/rootstocks combinations on Peroxidase (POD), Superoxide dismutase (SOD), and Catalase
261  (CAT) activities at polyploid watermelons at 0, 3, and 15 days during crop season March 2018 and August 2018
262 cropping seasons. The values are means of fifteen independent plants (n = 15). Different letters (a, b, c, d, e, and f)
263 in rows indicate significant differences at P < 0.01 using Duncan'ts multiple range test. Di: Diploid, Tri: triploid,
264  Tetra: Tetraploid, DAG: Days after grafting.

265 SOD activity was observed higher in Tetra and Tri watermelon as compared to Di
266  watermelon (Figure 5). At 0 DAG, SOD activities were 3.76 and 3.19-fold higher in Tri
267  than diploid in both seasons, respectively. At 3 DAG, SOD activities were 2.9 and
268  2.97-fold higher than Di in the first and second season, respectively. In comparison, at
269 15 DAG, the SOD activities in Tri were 4.32 and 2.7-fold higher than Di in both
270  seasons. In Tetra SOD activities at 0 DAG were 3.64 and 4.49-fold higher than Di in
271  the first and second season, respectively, while at 3 DAG, it was 2.53 and 3-fold higher
272  than Di in the first and second season, respectively. Moreover, at 15 DAG, the contents
273  of SOD in Tri were 4.47 and 4.19-fold higher than Di in the first and second season,
274  respectively. Generally, there are significant differences between Tetra and Di at 0, 3,
275 and 15 DAG.

276  Significantly higher CAT content was observed in Tetra than Di and Tri (Figure 5). At
277 0 DAG it was 1.85 and 2.35-fold higher in Tetra than Di in the first and second season
278  respectively, and 1.31 and 1.7-fold higher than Tri in the first and second season,
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respectively. At 0 DAG, CAT activity was 1.4 and 1.38-fold higher than Di in the first
and second season, respectively. CAT activities in the graft union start to increase at 3
DAG in all polyploids, but the increase at Tri was more than Di and Tetra, with
increment rates of 9.19, 122.29, and 33.47% in the first season and 26.35, 35.52, and

25.34% in the second season in Di, Tri, and Tetra watermelon respectively.

Reactive Oxygen Species (ROS) like hydrogen peroxide (H20.) accumulation leads to
cell death, and oxidative damage depends on the balance between the production of
AOX and ROS [46,47]. H20> contents were higher in Triploid than Di and Tetra at 0
DAG stage (Figure 6). It was 1.49 and 1.65-fold higher than Di in the first and second
season, respectively, and 1.14 and 1.2-fold higher than Tetra in the first and second
season, respectively. But the increment rates of H2O> activities in the graft union at
Tetra starts to increase at 3 DAG less than Di, and, Tri; the increment rates were 51.51,
5.43, and 4.08% in the first season and 42.53, 8.62, and 8.79% in Di, Tri, and Tetra
plants respectively. These may be because of the high activities of AOX in Tetra than

Di and Tri during the grafting process.
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Figure 6. Effect of Scion/rootstocks combinations on Hydrogen peroxide (H202) contents at polyploid watermelon
grafting union at 0, 3, and 15 days during crop season March and August 2018. The values are means of fifteen
independent plants (n = 15). Different letters (a, b, ¢, and d) in rows indicate significant differences at P < 0.01
using Duncan'ts multiple range test. Di: Diploid, Tri: triploid, Tetra: Tetraploid, DAG: Days after grafting.
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299  3.4. Measurement of Lignin, phenols, and starch contents in the grafting union among
300 Di, Tri, and tetraploid watermelon at different days after grafting

301 Lignin content was significantly different between Di and Tetra watermelons in both
302 seasons (Figure 7). Lignin contents were higher in Tri, and Tetra than Di at 0 DAG,
303  where it at Tetra were 2.7 and 2.41-fold higher than Di in the first and second season
304  respectively, and at Tri were 2.67 and 2.41-fold higher than Di in the first and second
305 season, respectively. But because of callus induction (branchime cells) in the graft
306 union at 3 DAG stage [18], the lignin contents start to decrease; nevertheless, the
307 decrement rate in Tetra was less than Di. The increment rates of lignin contents in the
308 graft union at 3 DAG were 51.68, 21.5, and 6.33% in the first season, and 51.68, 16.98,
309 and, 12.32% in the second season at Di, Tri, and, Tetra watermelon respectively. At 15
310 DAG, the lignin contents start to increase by 164.32, 55, 08, and, 59.18% in the first
311  season, and 251.37, 264, and, 188.11% in the second season at Di, Tri, and, Tetra
312 watermelon respectively.

313 The results of phenols showed significant differences between Di and Tetra
314  watermelons in both seasons at 3 DAG (Figure 7). The contents of phenols in Tetra
315 were 1.4, 1.7, and 1.1-fold higher than Di at 0, 3, and 15 DAG, respectively, in the first
316  season, and 1.1, 1.3, and 1.2-fold higher than Di at 0, 3, and 15 DAG respectively, in

317  the second season.

318  The results of starch showed highly significant differences between ploidy watermelons
319 inthe first season during the grafting process, while in the second season, no significant
320 differences between ploidy levels (Figure 7). The results showed that, the starch
321 contents in Tri and Tetra highly significant than di, where it at 0 DAG were (1.57 and
322  1.48-fold in Tri and Tetra higher than Di in the first season, while in the second season,
323 no significant differences between polyploidy levels. Also, the contents of starch start
324  to increase at 15 DAG in all polyploids, but the increment rates at Tri and Tetra were
325 more than Di 9.68, 14.09, and 16.58% at the first season in Di, Tri, and Tetra

326  watermelon, respectively.
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328 Figure 7. Effect of Scion/rootstocks combinations on lignin, Phenols, and Starch contents at polyploid watermelon
329 grafting union at 0, 3, and 15 days during crop season March and August 2018. The values are means of fifteen
330 independent plants (n = 15). Different letters (a, b, ¢, d, e, and f) in rows indicate significant differences at P < 0.01
331  using Duncan'is multiple range test. Di: Diploid, Tri: triploid, Tetra: Tetraploid, DAG: Days after grafting, ns: not
332  significant.

333 3.5 Phylogenetic analysis of selected genes linked to compatibility mechanisms in the

334  grafting union among Di, Tri, and tetraploid watermelon

335  BlastP searches in the watermelon Genome Database, using Arabidopsis lyrata subsp.
336 Lyrata, Arabidopsis thaliana, Citrullus colocynthis, Citrus sinensis, Coffea canephora,
337  Cucumis melo, Cucumis sativus, Cucurbita maxima, Cucurbita moschata, Cucurbita
338 pepo, Dimocarpus longan, Eutrema salsugineum, Glycyrrhiza uralensis, Gossypium
339 arboretum, Hevea brasiliensis, Kandelia candel, Morus notabilis, Oryza punctate,
340 Oryza sativa, Pinus Sylvestris, Pisum sativum, Populus tremula x Populus tremuloides
341 (Hybrid aspen), Populus trichocarpa, Prunus persica, Ricinus communis, Salvia
342  splendens, Solanum tuberosum, Theobroma cacao, Vitis vinifera, Zantedeschia
343  aethiopica, Zea mays, Ziziphus jujube and Zostera marina protein sequences for genes
344  linked to H20», starch, POD, SOD, lignin, phenols, ZR, IAA, and CAT were used as a
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345 query, permitted the identification of candidate genes in watermelon. Watermelon

346  genes having high homology are summarized in the (Figure 8) (Table S1).
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350 Figure. 8. Maximum likelihood phylogeny of watermelon genes encoding key enzymes and transporters involved
351 graft compatibility with those from Arabidopsis lyrata subsp. Lyrata, Arabidopsis thaliana, Citrullus colocynthis,
352 Citrus sinensis, Coffea canephora, Cucumis melo, Cucumis sativus, Cucurbita maxima, Cucurbita moschata,
353 Cucurbita pepo, Dimocarpus longan, Eutrema salsugineum, Glycyrrhiza uralensis, Gossypium arboretum, Hevea
354 brasiliensis, Kandelia candel, Morus notabilis, Oryza punctate, Oryza sativa, Pinus Sylvestris, Pisum sativum,
355 Populus tremula x Populus tremuloides (Hybrid aspen), Populus trichocarpa, Prunus persica, Ricinus communis,
356 Salvia splendens, Solanum tuberosum, Theobroma cacao, Vitis vinifera, Zantedeschia aethiopica, Zea mays,
357 Ziziphus jujube, and Zostera marina. The phylogenetic tree was constructed from protein sequences using the
358  neighbor-joining method.

359 3.6 RT-gPCR analysis of genes regulating hormones, biochemical, and antioxidants in

360 Di, Tri, and Tetraploid watermelon at different days after grafting

361  Expressions of genes regulating CAT, POD, SOD, H20-, IAA, Cytokinin (ZR), phenols,
362  lignin, and starch were checked at three different stages (0, 3, 15 DAG). Primer 3 was
363 used to design primers for RTq-PCR analysis (Table S2). The range of all PCR
364  products was from 80 to 200bp. The specificity of PCR amplification was observed by
365 monitoring the dissociation curves during gPCR using a Roche LightCycler 480 II
366  [58,63]. Transcript levels of these genes were linked to the compatibility or

367 incompatibility as they are involved in regulating important biochemical and
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368 antioxidants. WM-1AA-1 (CICG05G010400), WM-ZR-1 (CICG11G005450), had higher
369  expression at all the time points in tetra watermelon followed by triploid and diploid
370 watermelon in both seasons. WM-POD-1 (CICG07G008740), WM-CAT-1
371 (CICG11G018720), WM-SOD-1 (CICG04G005370) had a higher expression in Tetra as
372 compared to Tri and Di watermelon at all days after grafting (Figure 9). WM-H,02-1
373  (CICG10G013100) had a lower expression level in Tetra watermelon than Tri and Di in
374  both the seasons. Genes regulating starch and lignin contents in watermelon, including
375 WM-Starch-1 (CICG01G018090), WM-Lignin-1 (CICG11G016110), had high
376  expressions in Tetra watermelon as compared to Tri and Di watermelon confirming
377  their active role in starch and lignin accumulation at all the time points of sampling.
378  Among the genes controlling phenolic contents, WM-Phenol-1 (CICG09G008770) had
379  higher expressions in Tri and Di watermelon than Tetra watermelon at all the sampling

380 stages.
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382 Figure 9. Heatmap of selected genes in Di, Tri, and Tetraploid watermelon at different days after

383  grafting in two consecutive seasons.

384
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385 4. Discussion:

386  Triploid watermelon seeds are produced by cross-pollination between Di and Tetra, but
387  Tetra seeds production is a very hard process [11]. So it is important to find a more
388 economical way to increase the number and quality of triploid seeds [13]. In this study,
389  we tested three different parts from mother plants as a scion, apical meristem (AM),
390 branch with 1, and 2 nodes (1IN and 2N) to increase the number of plants using
391  vegetative propagation from mother plants with grafting technique. Our results showed
392 a higher survival rate (Figure 2) with three kinds of branches used in Tetra plants,
393  whereas in case of triploid AM and 2N give a high survival rate while 1N gave a low
394  survival rate, but in Di just AM gave high survival rate. Suggesting that Tetra grafted
395  with branch with 1 anad 2 nodes and apical meristem, triploid with gragted with AM
396 and 2N and Di grafted with AM are the best possible way of vegetative propagation in

397  watermelon.

398 Plant hormones play important roles in plant growth, development, and response to
399 biotic and abiotic cues and vascular formation in the graft junction [15,32,33,40-45].
400 Auxin, and cytokinin, play an important role in regulating stock-scion interactions
401  [18,36]. Cell divisions happened within 2-3 DAG in the graft junction and have the
402  highest hormone levels during this period [18,39,40,64]. During the grafting process, the
403  peak of IAA is observed to occur within 3 DAG in the scion, as reported by [65]. IAA
404  and Zeatin Riboside (ZR) are required for vascular bundle regeneration in the graft
405 union [37,38]. The main cause of incompatibility is the occurrence of hormonal
406  imbalance [34]. A low indole-3-acetic acid (IAA) content in incompatible combinations
407 may then affect the differentiation of xylem and phloem, as well as lignification
408  [17,28,66]. We compared the 1AA and ZR contents in the graft union between Di, Tri,
409  and Tetra watermelon (Figure 4). The IAA concentration in the Tetra combination was
410  significantly higher than that in the Di, and Tri combination (p < 0.05). Our results
411  showed high compatibility in Tetra which has high content and high increment rates of
412  hormones than Di especially at 3 DAG (critical period) and 15 DAG, this can explain

413  high survival rates in Tetra, this results were agreement with [67-69]

414  On the other side, incompatibility results from the stress-induced during the healing
415  response, as reported earlier by [41]. In this study in (Figure 5), POD, SOD, and CAT
416  activities showed a high increase during the healing process in Tetra and Tri. Also, the

417  content of H20. (Figure 6) didn’t increase during the healing process in Tri, because of
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418 the high activities of antioxidants, which leads to scavenging oxygen radicals. These
419  results were in accordance with [70-74], who found that genome duplication gave high
420  resistance for salt stress because of the high contents of hormones and highly activities
421  of antioxidants more than Di. Also, ploidy results in chromosome doubling leading to
422  gene doubling, which results in higher expression, thus causing an increase in protein
423  contents [75]. Polyploidy is more tolerant of abiotic stress than Di it was reported in
424  watermelon [76], rice [73,77], citrus [72], black locust [78], honeysuckle [79], kinnow
425  mandarin [80], cotton [81], and rangpur lime [82]. Peroxidase and catalase activities were

426  increased in the grafted plants [83].

427  Generally, antioxidant enzymes were usually studied in the responses to abiotic and
428  Diotic stresses, but not often for graft stress; in this study, we suggest grafting as stress
429  because of, cut or wound stress, complete dark, and high humidity stress, especially in
430 the first three days after grafting (healing response) [12,41]. The most important critical
431  period in the grafting healing process was at 2 and 3 days after grafting [18]. The results
432  in both seasons showed that the activities of SOD, POD, and CAT were significantly
433  different at the grafting healing process between polyploid watermelons (Figure 6). It
434  has been reported already by [49,83] that high activities of POD and CAT, during the
435 healing process have a high ability to scavenge reactive oxygen species (ROS) and
436  hydrogen peroxide (H202) in plants. H2O. product when the plant is wounded or
437  stressed and caused cell death [84].

438  Higher enzymatic activities and accumulation of phenolic compounds are typically
439  associated with plant stress resistance [85]. Phenols contribute to the elimination of
440  reactive oxygen species (ROS) [86]. In our results, the content of phenols was higher in
441  Tetra than Di and Tri in all stages, but because of the accumulation of phenols leads to
442  incompatibility [31,32], a higher decrease in phenol contents were observed at later
443  stages of grafting (15 DAG) (Figure 7). The decrement rates between 3 and 15 DAG in
444  Tetra were (38.24, and 30.77%) in the first and second season, respectively, while in
445  Di, the content of phenols increase at 15 DAG in the first season and decrease (27%) in
446  the second season. With Tri, the decrement rates were (15, and 18.7%) at 15 DAG in
447  the first and second season, respectively. These results can explain the high
448  compatibility of Tetra and low compatibility in a Di. Also, our results are similar to
449  [85], who found that the phenolic content and lignin content were higher in the

450  compatible combination.
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461

5. Conclusion

Seedless watermelons seeds production faces many problems. The current study
concludes that vegetative propagation by branches grafting could be used in Tri and
Tetra watermelon seed production. The high contents of hormones and high activities
of antioxidants in Tetra more than Di because of the genome duplication, which gave
high compatibility and high survival rates of grafting. Grafting using branches can be a
good alternative to promote vegetative propagation in Tetra watermelon. These
findings add significant information to our existing knowledge of compatibility in
watermelon by ultimately helping in vegetative propagation, breeding watermelon

varieties of desirable values.


https://doi.org/10.20944/preprints202009.0682.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 September 2020 d0i:10.20944/preprints202009.0682.v1

462  Conflict of interest

463  The authors declare that the research was conducted in the absence of any commercial

464  or financial relationships that could be construed as a potential conflict of interest.
465  Acknowledgments

466  The authors thank all the members of the Polyploid Watermelon Research Group,

467  Zhengzhou Fruit Research Institute; Chinese Academy of Agricultural Sciences.

468 Kaseb M 02, Muhammad Jawad Umer?, Haileslassie Gebremeskel!, Eftekhar
469  Mahmud?, Weinan Diao !, Pingli Yuan?!, Hongju Zhu ?, Shengjie Zhao!, Xugiang
470  Lut, Nan He !, Chengsheng Gong® Muhammad Anees?!, EI-Eslamboly A.A.S.A?,
471  and Wenge Liu®*

472 1. Zhengzhou Fruit Research Institute, Chinese Academy of Agricultural Sciences, Henan Joint International
473 Research Laboratory of Fruits and Cucurbits Biological Science in South Asia Zhengzhou 450009

474 2. Horticulture Research Institute, Agriculture Research Center, Giza, 12119, Egypt

475  Supplementary Materials:

476  Figure S1: Splice grafting method steps in polyploid watermelon plants

477  Figure S2: Effect of Scion/rootstocks combinations on the survival of polyploid
478  watermelon grafting using (AM) as scion. (A): at 0 DAG, (B) 15 DAG, and (C): 25
479 DAG, DAG: Days after Grafting.

480  Figure S3: Effect of Scion/rootstocks combinations on the survival of polyploid
481  watermelon grafting using (2N) as scion. (A): at 15 DAG, and (B) 25 DAG.

482  Figure S4: Structure of genes involved in graft compatibility during watermelon
483  grafting process. Yellow boxes and black lines indicating exons and introns
484  respectively, while blue boxes at the both end of each gene indicates untranslated
485  regions (UTRs).

486  Table S1: Genes linked to graft compatibility having high homology with other genes
487  selected from different plant species.

488  Table S2: Primers used for qRT-PCR in this study.

489  Author Contributions

490 KMO and WL conceived and designed the experiments. KMO performed the
491  experiments. KMO and MJU analyzed the data and wrote the manuscript. HG, EM,
492 WD, PY, HZ, SZ, XL, NH, CG, MA, and EL participated in the experimentations and


https://doi.org/10.20944/preprints202009.0682.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 September 2020 d0i:10.20944/preprints202009.0682.v1

493  analysis. MJU, MA, HZ, and WL edited the manuscript. All authors read and approved

494  the last version.

495


https://doi.org/10.20944/preprints202009.0682.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 September 2020 d0i:10.20944/preprints202009.0682.v1

496 FUNDING

497  This research was supported by the Agricultural Science and Technology Innovation
498  Program (CAAS-ASTIP-2016-ZFRI), the National Key R&D Program of China
499  (2018YFDO0100704), the China Agriculture Research System (CARS-25-03), the
500 Special Fund for Basic Scientific Research of Chinese Academy of Agricultural
501 Sciences(1610192020103) and National Natural Science Foundation of China
502  (N0.31471893; 31672178).

503 Data availability

504  The authors declare that the data supporting the study findings are presented in the
505 article, and Supplementary Information files are available from the corresponding

506  author upon request.

507


https://doi.org/10.20944/preprints202009.0682.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 September 2020 d0i:10.20944/preprints202009.0682.v1

508 6. References

509 1. Marr, C.W.; Gast, K.L.B. Charles W. Marr and Karen L.B. Gast 2 1. 1991, 105-106.
510 2. Jaskani, M.J.; Kwon, S.W.; Kim, D.H. Comparative study on vegetative, reproductive
511 and qualitative traits of seven diploid and tetraploid watermelon lines. Euphytica
512 2005, 145, 259-268.

513 3. Omran, S.; Guerra-Sanz, J.; Cardenas, J.G. Methodology of tetraploid induction and
514 expression of microsatellite alleles in triploid watermelon. In Proceedings of

515 Proceedings IXth Eucarpia meeting on genetics and breeding of Cucurbitaceae; pp.
516 381-384.

517 4. Nasr, M.; Habib, H.; Ibrahim, I.; Kapiel, T. In vitro induction of autotetraploid

518 watermelons using colchicine and four dinitroaniline compounds. In Proceedings of
519 Proceedings of International Conference of Genetic Engineering and Its Applications,
520 Sharm Elsheik, Egypt; pp. 8-11.

521 5. Data, R.U.S.A. Patent Application Publication ( 10 ) Pub . No .: US 2005 / 0034197 Al.
522 2005, 1.

523 6. Pradesh, A. Studies to Improve Seed Germination in Tetraploids Watermelon (

524 Citrullus lanatus Thunb .). 2014, 4, 1-5.

525 7. NERSON, H.; PARIS, H.; KARCHI, Z.; SACHS, M. Seed treatments for improved

526 germination of tetraploid watermelon. HortScience 1985, 20, 897-899.

527 8. Cobb, B.G. Excess Moisture and Seedcoat Nicking Influence Germination of Triploid
528 Watermelon. 2000, 10.21273/HORTSCI.35.7.1355, 1355-1357,

529 doi:10.21273/HORTSCI.35.7.1355.

530 9. Grange, S.; Leskovar, D.I.; Pike, L.M.; Cobb, B.G. Seedcoat Structure and Oxygen-
531 enhanced Environments Affect Germination of Triploid Watermelon. 2014,

532 10.21273/JASHS.128.2.0253, doi:10.21273/JASHS.128.2.0253.

533 10. Khereba, A.H.A.; Bekhit, R.S.; Kamooh, A.A.; El-Eslamboly, A.A.S. New grafting method
534 for seedless watermelon plants propagation. J. Agric. Sci. Mansoura Univ., 2008,
535 33(11), 8071-8090.

536 11. Ishtiag Ahmad; Tanveer Hussain; Muhammad Nafees; Maryam; Moazam Jamil; Irfan
537 Ashraf; Muhammad Fakhar-u-Zaman Akhtar; Muhammad Igbal; Muhammad Rafay;
538 Ali, T.R.a.L. Morphological Dissimilarity Between Tetrapoloid and Diploid Watermelon
539 (Citrullus lanatus Thunb.). World Applied Sciences Journal 2013, 21 (6): 858-861,

540 doi:10.5829/idosi.wasj.2013.21.6.169.

541 12. Schwarz, D.; Rouphael, Y.; Colla, G.; Venema, J.H. Grafting as a tool to improve

542 tolerance of vegetables to abiotic stresses: Thermal stress, water stress and organic
543 pollutants. Scientia Horticulturae 2010, 127, 162-171,

544 doi:10.1016/].scienta.2010.09.016.

545  13. Solmaz, i.; Sari, N.; Kombo, M.D.; SIMSEK, i.; Hussein, S.; Namli, M. Rootstock capacity
546 in improving production and quality of triploid watermelon seeds. Turkish Journal of
547 Agriculture and Forestry 2018, 42, 298-308, doi:10.3906/tar-1801-59.

548 14. Tsutsui, H.; Notaguchi, M. The Use of Grafting to Study Systemic Signaling in Plants.
549 Plant Cell Physiol 2017, 58, 1291-1301, d0i:10.1093/pcp/pcx098.

550 15. Goldschmidt, E.E. Plant grafting: new mechanisms, evolutionary implications.

551 Frontiers in Plant Science 2014, 5, doi:10.3389/fpls.2014.00727.

552 16. Lee, J.-M.; Kubota, C.; Tsao, S.J.; Bie, Z.; Echevarria, P.H.; Morra, L.; Oda, M. Current
553 status of vegetable grafting: Diffusion, grafting techniques, automation. Scientia
554 Horticulturae 2010, 127, 93-105, doi:10.1016/j.scienta.2010.08.003.

555 17. Koepke, T.; Dhingra, A. Rootstock scion somatogenetic interactions in perennial

556 composite plants. Plant Cell Rep 2013, 32, 1321-1337, doi:10.1007/s00299-013-1471-

557 9.


https://doi.org/10.20944/preprints202009.0682.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 September 2020 d0i:10.20944/preprints202009.0682.v1

558 18. Melnyk, Charles W.; Schuster, C.; Leyser, O.; Meyerowitz, Elliot M. A Developmental

559 Framework for Graft Formation and Vascular Reconnection in Arabidopsis thaliana.
560 Current Biology 2015, 25, 1306-1318, d0i:10.1016/j.cub.2015.03.032.

561 19. Dabirian, S.; Miles, C.A. Increasing survival of splice-grafted watermelon seedlings
562 using a sucrose application. HortScience 2017, 52, 579-583,

563 do0i:10.21273/HORTSCI11667-16.

564 20. Khankahdani, H.H.; Zakeri, E.; Saeedi, G.; Shakerdargah, G. Evaluation of different
565 rootstocks and grafting techniques on graft union percent, yield and yield components
566 of Watermelon CV. 'Crimson sweet'. World Applied Sciences Journal 2012, 18, 645-
567 651, doi:10.5829/idosi.wasj.2012.18.05.1716.

568  21. Petropoulos, S.A. Evaluation of rootstocks for watermelon grafting with reference to
569 plant development, yield and fruit quality. 2014.

570 22. Mohamed, F.H.; El-hamed, K.E.A.; Elwan, M.W.M.; Hussien, M.N.E. Scientia

571 Horticulturae Evaluation of different grafting methods and rootstocks in watermelon
572 grown in Egypt. Scientia Horticulturae 2014, 168, 145-150,

573 doi:10.1016/j.scienta.2014.01.029.

574 23. Monteiro, G.C.; Goto, R.; Minatel, .0.; de Sousa da Silva, E.; da Silva, E.G.; Vianello, F.;
575 Lima, G.P.P. Grafting, Agrochemicals, and Oxidative Enzymes as Factor for Plant Biotic
576 Resistance. In Plant Health Under Biotic Stress: Volume 1: Organic Strategies, Ansari,
577 R.A., Mahmood, I., Eds. Springer Singapore: Singapore, 2019; 10.1007/978-981-13-
578 6043-5_2pp. 37-57.

579 24. Assuncdo, M.; Canas, S.; Cruz, S.; Brazao, J.; Zanol, G.C,; Eiras-Dias, J.E. Graft

580 compatibility of Vitis spp.: the role of phenolic acids and flavanols. Scientia

581 Horticulturae 2016, 207, 140-145, doi:10.1016/j.scienta.2016.05.020.

582 25. Pina, A.; Cookson, S.J.; Calatayud, A.; Trinchera, A.; Errea, P. Physiological and

583 molecular mechanisms underlying graft compatibility. Vegetable Grafting: Principles
584 and Practices 2017, 10.1079/9781780648972.0132, 132-154,

585 doi:10.1079/9781780648972.0132.

586 26. Fery, R.L.; Hasegawa, P.K. American Society for Horticultural Science Editorial Board,
587 Volume 23 Leo Gene Albrigo. 1999, 23.

588 27. Tamilselvi, N.A.; Pugalendhi, L. Graft Compatibility and Anatomical Studies of Bitter
589 Gourd (Momordica charantia L.) Scions with Cucurbitaceous Rootstocks. International
590 Journal of Current Microbiology and Applied Sciences 2017, 6, 1801-1810,

591 doi:10.20546/ijcmas.2017.602.202.

592 28. Pina, A.; Errea, P. Influence of graft incompatibility on gene expression and enzymatic
593 activity of UDP-glucose pyrophosphorylase. Plant Science 2008, 174, 502-509,

594 doi:10.1016/j.plantsci.2008.01.015.

595 29. Pina, A.; Errea, P.; Martens, H.J. Graft union formation and cell-to-cell communication
596 via plasmodesmata in compatible and incompatible stem unions of Prunus spp.

597 Scientia Horticulturae 2012, 143, 144-150, doi:10.1016/j.scienta.2012.06.017.

598 30. Ren, Y.; Guo, S.r.; Shu, S.; Xu, Y.; Sun, J. Isolation and expression pattern analysis of
599 CmRNF5 and CmNPH3L potentially involved in graft compatibility in

600 cucumber/pumpkin graft combinations. Scientia Horticulturae 2018, 227, 92-101,
601 doi:10.1016/j.scienta.2017.09.022.

602 31. Ren, Y.; Xu, Q.; Wang, L.; Guo, S.; Shu, S.; Lu, N.; Sun, J. Plant Physiology and

603 Biochemistry Involvement of metabolic, physiological and hormonal responses in the
604 graft-compatible process of cucumber / pumpkin combinations was revealed through
605 the integrative analysis of mMRNA and miRNA expression. 2018, 129, 368-380,

606 doi:10.1016/j.plaphy.2018.06.021.


https://doi.org/10.20944/preprints202009.0682.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 September 2020 d0i:10.20944/preprints202009.0682.v1

607 32. Chen, Z.; Zhao, J.; Hu, F.; Qin, Y.; Wang, X.; Hu, G. Transcriptome changes between

608 compatible and incompatible graft combination of Litchi chinensis by digital gene
609 expression profile. Sci Rep 2017, 7, 3954, doi:10.1038/s41598-017-04328-x.

610 33. Melnyk, C.W.; Gabel, A.; Hardcastle, T.J.; Robinson, S.; Miyashima, S.; Grosse, |.;

611 Meyerowitz, E.M. Transcriptome dynamics at Arabidopsis graft junctions reveal an
612 intertissue recognition mechanism that activates vascular regeneration. Proc Nat/
613 Acad Sci U S A 2018, 115, E2447-E2456, d0i:10.1073/pnas.1718263115.

614 34, Aloni, B.; Karni, L.; Deventurero, G.; Levin, Z.; Cohen, R.; Katzir, N.; Lotan-Pompan, M.;
615 Edelstein, M.; Aktas, H.; Turhan, E., et al. Physiological and biochemical changes at the
616 rootstock-scion interface in graft combinations between Cucurbita rootstocks and a
617 melon scion. Journal of Horticultural Science and Biotechnology 2008, 83, 777-783,
618 doi:10.1080/14620316.2008.11512460.

619  35. Kumpers, B.M.; Bishopp, A. Plant grafting: making the right connections. Curr Biol
620 2015, 25, R411-413, d0i:10.1016/j.cub.2015.03.055.

621 36. Mo, Z.; Feng, G.; Su, W.; Liu, Z.; Peng, F. Transcriptomic Analysis Provides Insights into
622 Grafting Union Development in Pecan (Carya illinoinensis). Genes (Basel) 2018, 9,
623 doi:10.3390/genes9020071.

624 37. Lu, S.; Song, Y. Relation between phytohormone level and vascular bridge

625 differentiation in graft union of explanted internode autografting. Chinese science
626 bulletin 1999, 44, 1874-1878.

627 38. Davis, A.R.; Perkins-Veazie, P.; Sakata, Y.; Lopez-Galarza, S.; Maroto, J.V.; Lee, S.-G.;
628 Huh, Y.-C.; Sun, Z.; Miguel, A.; King, S.R., et al. Cucurbit Grafting. Critical Reviews in
629 Plant Sciences 2008, 27, 50-74, doi:10.1080/07352680802053940.

630 39. Melnyk, C.W.; Meyerowitz, E.M. Plant grafting. Curr Biol 2015, 25, R183-188,

631 doi:10.1016/j.cub.2015.01.029.

632 40. Yin, H.; Yan, B.; Sun, J.; Jia, P.; Zhang, Z.; Yan, X.; Chai, J.; Ren, Z.; Zheng, G.; Liu, H.
633 Graft-union development: A delicate process that involves cell-cell communication
634 between scion and stock for local auxin accumulation. Journal of Experimental Botany
635 2012, 63,4219-4232, doi:10.1093/jxb/ers109.

636 41. Gainza, F.; Opazo, |.; Mufioz, C. Graft incompatibility in plants: Metabolic changes
637 during formation and establishment of the rootstock/scion union with emphasis on
638 Prunus species. Chilean journal of agricultural research 2015, 75, 28-34,

639 do0i:10.4067/s0718-58392015000300004.

640  42. Nanda, A.K.; Melnyk, C.W. The role of plant hormones during grafting. Journal of Plant
641 Research 2018, 131, 49-58, d0i:10.1007/s10265-017-0994-5.

642  43. Donner, T.J.; Sherr, |.; Scarpella, E. Regulation of preprocambial cell state acquisition
643 by auxin signaling in Arabidopsis leaves. 2014, 10.1242/dev.037028,

644 doi:10.1242/dev.037028.

645 44, Wang, J.; Jiang, L.; Wu, R. Plant grafting: how genetic exchange promotes vascular
646 reconnection. New Phytologist 2017, 214, 56-65, doi:10.1111/nph.14383.

647 45, Mazur, E.; Benkova, E.; Friml, J. Vascular cambium regeneration and vessel formation
648 in wounded inflorescence stems of Arabidopsis. Nature Publishing Group 2016,

649 10.1038/srep33754, 1-15, doi:10.1038/srep33754.

650 46. Zafar, S.A.; Patil, S.B.; Uzair, M.; Fang, J.; Zhao, J.; Guo, T.; Yuan, S.; Uzair, M.; Luo, Q;
651 Shi, J., et al. DEGENERATED PANICLE AND PARTIAL STERILITY 1 (DPS1) encodes a

652 cystathionine B-synthase domain containing protein required for anther cuticle and
653 panicle development in rice. New Phytologist 2019, 1, doi:10.1111/nph.16133.

654 47. Hussain, H.A.; Men, S.; Hussain, S.; Chen, Y.; Ali, S.; Zhang, S.; Zhang, K.; Li, Y.; Xu, Q.;
655 Liao, C., et al. Interactive effects of drought and heat stresses on morpho-physiological
656 attributes, yield, nutrient uptake and oxidative status in maize hybrids. Sci Rep 2019,

657 9, 3890, doi:10.1038/541598-019-40362-7.


https://doi.org/10.20944/preprints202009.0682.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 September 2020 d0i:10.20944/preprints202009.0682.v1

658  48. Noor, R.S.; Wang, Z.; Umair, M.; Yaseen, M.; Ameen, M.; Rehman, S.-U.; Khan, M.U.;

659 Imran, M.; Ahmed, W.; Sun, Y. Interactive Effects of Grafting Techniques and Scion-
660 Rootstocks Combinations on Vegetative Growth, Yield and Quality of Cucumber

661 (Cucumis sativus L.). Agronomy 2019, 9, doi:10.3390/agronomy9060288.

662 49, Meng, J.; Wu, S.; Wang, X.; Yu, X.; Jiang, R. Effects of Different Rootstocks on Plant
663 Growth and Fruit Quality of Watermelon. Agricultural Biotechnology 2019, 8 (1) : 64 -
664 68, 77 2019.

665  50. Ahmad, P.; Wani, M.R. Physiological mechanisms and adaptation strategies in plants
666 under changing environment: Volume 1. Physiological Mechanisms and Adaptation
667 Strategies in Plants Under Changing Environment: Volume 1 2014, 10.1007/978-1-
668 4614-8591-9, 1-376, doi:10.1007/978-1-4614-8591-9.

669 51. Kohatsu, D.S.; Zucareli, V.; Brambilla, W.P.; Ono, E.O.; Doutores, P.; Cca, U.E.M.;
670 Agronomia, D.C.A.; Pr, U. Peroxidase and polyphenol oxidase activity on the yield of
671 grafted and ungrafted cucumber plants. African Journal of Agricultural Research 2013,
672 8, 279-283, d0i:10.5897/AJAR12.1560.

673 52. Adams, S.W. The Effects of Rootstock, Scion, Grafting Method and Plant Growth
674 Regulators on Flexural Strength and Hydraulic Resistance of Apple. Thesis (master of
675 science) 2016, UTAH STATE UNIVERSITY Logan, Utah.

676 53. Errea, P.; Felipe, A.; Herrero, M. Graft establishment between compatible and

677 incompatible Prunus spp . 1994, 45, 393-401.

678 54, Dogra, K.; Kour, K.; Kumar, R.; Bakshi, P.; Kumar, V. Graft-Incompatibility in

679 Horticultural Crops Graft-Incompatibility in Horticultural Crops. 2018,

680 10.20546/ijcmas.2018.702.218, doi:10.20546/ijcmas.2018.702.218.

681 55. Suying, T.; Jiwei, L.; Xiugiang, H.; Sijun, L. Selection of New Watermelon Variety ¢
682 Mimei Tetraploid’ . Z#/#/5%1993, 5.

683 56. Oda, I. New Grafting Methods for Fruit-Bearing Vegetables in Japan. 1995, 194, 187-
684 194,

685 57. Oda, M. Vegetable seedling grafting in japan. Acta Horticulturae 2007, 759, 175-180,
686 doi:10.17660/ActaHortic.2007.759.13.

687 58. Jawad, U.M.; Gao, L.; Gebremeskel, H.; Safdar, L.B.; Yuan, P.; Zhao, S.; Xuqgiang, L.;
688 Nan, H.; Hongju, Z.; Liu, W. Expression pattern of sugars and organic acids regulatory
689 genes during watermelon fruit development. Scientia Horticulturae 2020, 265,

690 109102.

691 59. Zhu, Q.; Gao, P.; Liu, S.; Zhu, Z.; Amanullah, S.; Davis, A.R.; Luan, F. Comparative

692 transcriptome analysis of two contrasting watermelon genotypes during fruit

693 development and ripening. BMC genomics 2017, 18, 3.

694 60. Hu, B.; Jin, J.; Guo, A.-Y.; Zhang, H.; Luo, J.; Gao, G. GSDS 2.0: an upgraded gene

695 feature visualization server. Bioinformatics 2015, 31, 1296-1297.

696 61. Chi, Q.; Guo, L.; Ma, M.; Zhang, L.; Mao, H.; Wu, B.; Liu, X.; Ramirez-Gonzalez, R.H.;
697 Uauy, C.; Appels, R. Global transcriptome analysis uncovers the gene co-expression
698 regulation network and key genes involved in grain development of wheat (Triticum
699 aestivum L.). Functional & Integrative Genomics 2019, 19, 853-866.

700 62. Kariyanna, B.; Prabhuraj, A.; Asokan, R.; Babu, P.; Jalali, S.K.; Venkatesan, T.; Gracy,
701 R.G.; Mohan, M. Identification of suitable reference genes for normalization of RT-
702 gPCR data in eggplant fruit and shoot borer (Leucinodes orbonalis Guenée). Biologia
703 2020, 75, 289-297.

704 63. Gao, L.; Zhao, S.; Lu, X.; He, N.; Zhu, H.; Dou, J.; Liu, W. Comparative transcriptome
705 analysis reveals key genes potentially related to soluble sugar and organic acid

706 accumulation in watermelon. PloS one 2018, 13, e0190096.

707  64. Melnyk, C.W. Plant grafting: insights into tissue regeneration. Regeneration 2017, 4, 3-
708 14, doi:10.1002/reg2.71.


https://doi.org/10.20944/preprints202009.0682.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 September 2020

709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

BING SONG ZHENG; HUAI LIANG CHU; SONG HENG JIN; YOU JUN HUANG; ZHENG JIA
WANG; CHEN, M.; HUANG, J.Q. cDNA-AFLP analysis of gene expression in hickory
(Carya cathayensis) during graft process. Tree Physiology 30, 297-303 2009, 30, 297-
303, doi:10.1093/treephys/tpp102.

Aloni, B.; Cohen, R.; Karni, L.; Aktas, H.; Edelstein, M. Hormonal signaling in rootstock—
scion interactions. Scientia Horticulturae 2010, 127, 119-126,
doi:10.1016/].scienta.2010.09.003.

Melnyk, C.W.; Schuster, C.; Leyser, O.; Meyerowitz, E.M. A Developmental Framework
for Graft Formation and Vascular Reconnection in Arabidopsis thaliana. Curr Biol 2015,
25,1306-1318, doi:10.1016/j.cub.2015.03.032.

Cookson, S.J.; Clemente Moreno, M.J.; Hevin, C.; Nyamba Mendome, L.Z.; Delrot, S.;
Trossat-Magnin, C.; Ollat, N. Graft union formation in grapevine induces
transcriptional changes related to cell wall modification, wounding, hormone
signalling, and secondary metabolism. J Exp Bot 2013, 64, 2997-3008,
doi:10.1093/jxb/ert144.

Schaller, G.E.; Bishopp, A.; Kieber, J.J. The yin-yang of hormones: cytokinin and auxin
interactions in plant development. Plant Cell 2015, 27, 44-63,
do0i:10.1105/tpc.114.133595.

Tu, Y.; Jiang, A.; Gan, L.; Hossain, M.; Zhang, J.; Peng, B.; Xiong, Y.; Song, Z. Genome
duplication improves rice root resistance to salt stress. 2014, 10.1186/s12284-014-
0015-4, 1-13, d0i:10.1186/s12284-014-0015-4.

Ganie, S.A.; Molla, K.A.; Henry, R.J.; Bhat, K.V.; Mondal, T.K. Advances in
understanding salt tolerance in rice. Theoretical and Applied Genetics 2019, 132, 851-
870, doi:10.1007/s00122-019-03301-8.

Ruiz, M.; Quifiones, A.; Martinez-Alcadntara, B.; Aleza, P.; Morillon, R.; Navarro, L.;
Primo-Millo, E.; Martinez-Cuenca, M.-R. Effects of salinity on diploid (2x) and doubled
diploid (4x) Citrus macrophylla genotypes. Scientia Horticulturae 2016, 207, 33-40,
doi:10.1016/j.scienta.2016.05.007.

Jiang, A.; Gan, L.; Tu, Y.; Ma, H.; Zhang, J.; Song, Z.; He, Y.; Cai, D.; Xue, X. The effect of
genome duplication on seed germination and seedling growth of rice under salt stress.
Australian Journal of Crop Science 2013, 7, 1814.

Tu, Y.; Jiang, A.; Gan, L.; Hossain, M.; Zhang, J.; Peng, B.; Xiong, Y.; Song, Z.; Cai, D.; Xu,
W. Genome duplication improves rice root resistance to salt stress. Rice 2014, 7, 1-13.
Doyle, J.J.; Coate, J.E. Polyploidy, the nucleotype, and novelty: The impact of genome
doubling on the biology of the cell. International Journal of Plant Sciences 2019, 180,
1-52, doi:10.1086/700636.

Zhu, H.; Zhao, S.; Lu, X.; He, N.; Gao, L.; Dou, J.; Bie, Z.; Liu, W. Genome duplication
improves the resistance of watermelon root to salt stress. Plant Physiol Biochem 2018,
133,11-21, doi:10.1016/j.plaphy.2018.10.019.

Yi Tu; Aiming Jiang; Lu Gan; Mokter Hossain; Jinming Zhang; Bo Peng; Yuguo Xiong;
Zhaojian Song; Detian Cai; Weifeng Xu, et al. Genome duplication improves rice root
resistance to salt stress. Rice 2014, 7:15.

Meng, F.; Luo, Q.; Wang, Q.; Zhang, X.; Qi, Z.; Xu, F.; Lei, X.; Cao, Y.; Chow, W.S.; Sun,
G. Physiological and proteomic responses to salt stress in chloroplasts of diploid and
tetraploid black locust (Robinia pseudoacacia L.). Scientific reports 2016, 6, 23098.
Yan, K.; Wu, C.; Zhang, L.; Chen, X. Contrasting photosynthesis and photoinhibition in
tetraploid and its autodiploid honeysuckle (Lonicera japonica Thunb.) under salt
stress. Frontiers in Plant Science 2015, 6, 227.

Balal, R.M.; Shahid, M.A.; Vincent, C.; Zotarelli, L.; Liu, G.; Mattson, N.S.;
Rathinasabapathi, B.; Martinez-Nicolas, J.J.; Garcia-Sanchez, F. Kinnow mandarin
plants grafted on tetraploid rootstocks are more tolerant to Cr-toxicity than those

d0i:10.20944/preprints202009.0682.v1


https://doi.org/10.20944/preprints202009.0682.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 September 2020 d0i:10.20944/preprints202009.0682.v1

760 grafted on its diploids one. Environmental and Experimental Botany 2017, 140, 8-18,
761 doi:10.1016/j.envexpbot.2017.05.011.

762 81. Said, J.l.; Lin, Z.; Zhang, X.; Song, M.; Zhang, J. A comprehensive meta QTL analysis for
763 fiber quality, yield, yield related and morphological traits, drought tolerance, and
764 disease resistance in tetraploid cotton. BMC Genomics 2013, 14, 776,

765 doi:10.1186/1471-2164-14-776.

766 82. Allario, T.; Brumos, J.; Colmenero-Flores, J.M.; Iglesias, D.J.; Pina, J.A.; Navarro, L.;
767 Talon, M.; Ollitrault, P.; Morillon, R. Tetraploid Rangpur lime rootstock increases
768 drought tolerance via enhanced constitutive root abscisic acid production. Plant Cell
769 Environ 2013, 36, 856-868, doi:10.1111/pce.12021.

770 83. Fernandez-Garcia, N.; Carvajal, M.; Olmos, E. Graft union formation in tomato plants:
771 peroxidase and catalase involvement. Ann Bot 2004, 93, 53-60,

772 doi:10.1093/aob/mch014.

773 84, North, J.J. Effects of antioxidants, plant growth regulators and wounding on phenolic
774 compound excretion during micropropagation of Strelitzia reginae. International
775 Journal of the Physical Sciences 2012, 7, 638-646, doi:10.5897/ijps11.786.

776 85. Xu, Q.; Guo, S.-R.; Li, H.; Sun, J.; Du, N.-S.; Shu, S. Physiological Aspects of

777 Compatibility and Incompatibility in Grafted Cucumber Seedlings. J.

778 AMER.SOC.HORT.SCI. 140(4):299—-307 2015.

779 86. Silva, E.S.; Menezes, D.V.; Silva, E.G.; Goto, R.; Lima, G.P.P. Different methods of
780 grafting and activity of antioxidant enzymes in tomato. Revista Brasileira de Ciéncias
781 Agrdrias - Brazilian Journal of Agricultural Sciences 2016, 11, 267-271,

782 doi:10.5039/agraria.v11i4a5392.

783


https://doi.org/10.20944/preprints202009.0682.v1

