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Abstract
Background: Histones are major components of chromatin, which is a nucleosome structure associated with chromosome segregation, DNA
packaging and transcriptional regulation. Histone H3 is encoded by many genes in most eukaryotic species, but little information is known
about the Histone H3 gene family in cotton.

Results: In this study, we identi�ed and analyzed the evolution and expression of histone H3 gene family in cotton. First, 34 G. hirsutum
genes were identi�ed belonging to the H3 gene family which were divided into four subclasses: CENH3, H3.1, H3.3 and H3-like. Among these
H3.1 subclass contained the highest number of genes (22 members) followed by H3.3 subclass (9 members). In addition, there were18 and
16 H3 genes identi�ed in G. arboretum and G. raimondii, respectively. Furthermore, we conducted conserved sequence analysis of H3
proteins, and found that the four amino acids signature including A31F41S87A90 for H3.1 and T31Y41H87L90 for H3.3 could be used to
discriminate H3.1 from H3.3. The expression of H3 gene family varied in different tissues and developmental stages of G. hirsutum, where
H3.1 subclass genes play a critical role in pistil development. By virus-induced gene silencing of GhCENH3 (Gh_D07G1382) gene, the size of
leaf got smaller with pYL156-CENH3 than that with pYL156 in TM-1. Whereas, the number of the stomata in the leaf epidermis and number
of chloroplasts in the leaf stomatal guard cells by pYL156-CENH3 was more than that by pYL156 and pYL156-PDS.

Conclusions: Four sub-classes (CENH3, H3.1, H3.3 and H3-like) of H3 gene family were highly conserved in cotton during the rapid phase of
evolution among which CENH3 is necessary for leaf growth. These �ndings are useful for providing further insights into cotton biology and
breeding.

Background
Haploid breeding helps to shorten the breeding time signi�cantly and boost the QTL expression (Zhang Zili 2008; Seymour DK et al. 2012;
Gihwan Yi, Kyung-Min Kim and ae-Keun Sohn 2013). However, one of the most important challenges in haploid breeding isto produce a
stable haploid. Since the �rst haploid cotton was discovered by Harland (1920; 1936), haploid plants have been produced in 70 genera and
206 crops in the 1980s (Pan Jiaju 1994). Initially, doubled-haploid (DH) technology was used in tomato (Wu Penghao 2014). Subsequently,
DH technology was applied in 12 species of pepper (Toole MGS and Bamford R 1947), maize (Chase SS 1952), cotton (Turcotte EL and
Feaster CV 1963), rape (Thompson KF), barley (Ho KM and Jones GE 1980), and wheat (Thomas WTB, Gertson B and Forster BP 2003).
Cotton haploid was generated through Vsg, a semigamy with virescent characteristic marker that was most e�cient to produce haploid.
However, the reproducibility of the semigamy is unstable which hinders its utility for the development of cotton haploid (Sugita M, Ichinose
M, Ide M and Sugita C 2013), and making it di�cult to apply DH technology and conduct further genetic research.

CENH3 (Centromeric Histone H3) gene is a centromere-speci�c histone H3 mutant, which plays an important role in the development of
embryos and zygotes during the process of parental hybridization. There are up to 45% haploid plants with male wild type and a few double
haploid by gene CENH3 in Arabidopsis (Maruthachalam Ravi and Simon WL 2002). In barley, the hybridization of Hordeum vulgare × 
Hordeum bulbosum showed that the CENH3 gene is inactive or not fused into the paternal line, resulting a haploid maternal with a failure of
centromere assembly (Sanei M and Pickering R 2011). The amino terminal tail of CENH3 gene is essential for survival of Drosophila, which
comprised of amino (amino terminal tail) and carboxyl (histone folding domain, HFD) terminals with a highly variable sequence that has
three conservative domains in 22 different Drosophila species (Malik HS, Vermaak D and Henikoff S 2002). Recent studies also showed the
abnormal development of seeds because of the difference in amino terminal of CENH3 (Maheshwari S and Tan EH 2015). In contrast, the
histone fold domains (HFD) are conserved having 4 alpha helices (αN, α1, α2, α3) and 2 rings (Loop1 and Loop2). The α1, α2 helices and
Loop1 rings are diverse and related to the DNA binding of CENH3 (Malik HS and Vermaak D 2002;Paul B and Talbert Ricardo 2002;
Masonbrink RE et al. 2014). In Drosophila and Arabidopsis, it was also found that adaptive evolution occurred in proximity region of the
CENH3 Loop1 and core sequence (Henikoff S and Dalal Y 2005). Histone 3 is very conservative in evolution, while CENH3 is rapidly evolving.
This difference is mainly due to the fact that histone 3 interact with DNA of the whole genome, while CENH3 only interacts with the rapidly
evolving centromeric satellite DNA (Malik HS and Henikoff S 2001). However, the rapid evolution of centromeric sequences is not the main
driving force to lead the diversi�cation of CENH3 sequences (Masonbrink RE et al. 2014). CENH3 is widely spread in plants and animals, and
its main function has been conserved in monocotyledonous and dicotyledonous plants (Malik HS and Vermaak D 2002). Recent studies
have shown that the E2F transcription factor regulates the expression of CENH3 in Arabidopsis (Heckmann S et al. 2011).

In this study, based on a comprehensive genome-wide analysis of three Gossypium species (G. hirsutum and its probable ancestral diploids
G. raimondii and G. arboreum), we analyzed the conserved proteins sequence of the H3 gene family.. Nulli�cation of the GhCENH3
(Gh_D07G1382) gene in cotton by virus-induced gene silencing (VIGS) signi�cantly reduce the leaf size in TM-1. Our current study provides
important insights about CENH3 gene in Gossypium spp. and will be useful for cotton biology and breeding.
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Methods

Cotton genome and RNA-seq resources
The genome sequence and annotation information of three Gossypium species (G. raimondii, G. arboreum and G. hirsutum) were
downloaded from the CottonGen (https://www.cottongen.org/). RNA-seq data for gene expression analysis in G. hirsutum was downloaded
from ccNET database (http://structuralbiology.cau.edu.cn/gossypium/), which mainly includes the gene expression data in root, stem, leaf,
petal, stamen, pistil and �bers at 5, 10, 20 and 25 days post anthesis (DPA).

Identi�cation of H3 genes and proteins
To identify the H3 gene family, H3 gene of Arabidopsis (At1g09200) was used to retrieve the whole genome database of three cotton species
by BLASTX.

The presence of the H3 domains in the protein structure was further validated using SMART software (http://smart.embl-heidelberg.de/) and
PfamScan website (https://www.ebi.ac.uk/Tools/pfa/pfamscan/). The redundant sequences without H3 domain were manually checked
and then removed. Molecular weight (MW), theoretical isoelectric point (pI), and size of the H3 genes were investigated with the online tool
ExPASy (http://expasy.org/tools/). Subcellular locations were predicted by

software WoLF PSORT (http://wolfpsort.org/).

Phylogenetic analysis
The multiple sequence alignment of H3 domain sequence from three cotton species was accomplished by ClustalX2 software(Thompson JD,
Gibson TJ and Higgins DG 2002) with default parameters.The unrooted phylogenetic tree was constructed by the neighbour joining tree (NJ)
in MEGA 6 software (http://www.megasoftware.net/history.php). The bootstrap analysis was set for 1000 iterations.

Chromosomal mapping and gene duplication
The physical location data of H3 genes were retrieved from genome sequence data of three cotton species. Mapping of these H3 genes was
performed using Mapchart software(Voorrips RE 2002). Synonymous and non-synonymous rates of evolution was computed by the
maximum likelihood method from Ka/Ks calculator 2.0 software(Wang D, Zhang Y and Zhang Z et al. 2010).

Gene structure and domain analysis
The exon and intron organizations of H3 genes were inferred through comparison of genomic sequences and CDS sequences by the gene
structure display server (http://gsds.cbi.pku.edu.cn/). The conserved motifs in H3 genes were identi�ed by MEME (http://meme-
suite.org/tools/meme) with the following parameters: the 20 motifs and optimum width from 6 to 250.

Genome-wide synteny analysis of H3 genes
A BLASTP comparison provided the pairwise gene information between G. hirsutum and two diploid cotton species (G. raimondii and G.
arboreum). According to the BLASTP output, the synteny analysis was constructed using circos-0.69-3 software package
(http://circos.ca/software/) with default parameters.

Quantitative reverse transcription-PCR (qRT-PCR)
Total RNA was isolated from leaves PYL156-CENH3 and PYL156 using EASY spin Plant RNA Kit (Aidlab). Afterwards, �rst-strand cDNA was
synthesized by PrimeScriptTM II 1st strand cDNA Synthesis Kit (TaKaRa) according to the manufacturer’s instructions. qRT-PCR was carried
out in 20 μL volume containing 2 μL cDNA, 0.8 μL 10 μM forward and reverse primer, 10 μL SYBR® Premix Ex Taq II (2×), 0.4 μL ROX
Reference Dye II (50×) and 6 μL d3H2O. PCR ampli�cation was performed under the following conditions: denaturation at 95 °C for 30 sec; 40
cycles at 95 °C for 5 sec and 60 °C for 30 sec; followed by 95 °C for 15 sec, 60 °C for 1 min, (ABI PRISM@7500-Fast Real-Time PCR system)
(Cheng HL et al. 2016). qRT-PCR was carried out by the gene-speci�c primers

http://structuralbiology.cau.edu.cn/gossypium/
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(5′AGAAACCAAGACGGAAGCCATCTGC3′/5′GGTCCTCCAGTTTTTTTTGCAGTTA3′) and ACTIN (Genbank ID: AY305733)
(5′ATCCTCCGTCTTGACCTTG3′/5′TGTCCGTCAGGCAACTCAT3′) was employed as an internal control. Afterwards, relative gene expression
was quanti�ed using the 2–ΔΔCT method(Livak KJ and Schmittgen TD 2001).

Virus-induced gene silencing (VIGS) assay
Tobacco rattle virus (TRV) TRV1 and TRV2 (pYL156) were used as vectors for the VIGS assay. The cotton phytoene desaturase (PDS) was
used as a marker to check the effectiveness of VIGS(Tuttle JR et al. 2008; Pang JH et al. 2013), because the silencing of PDS gene causes
the loss of chlorophyll and carotenoids which results the white leaves. The pYL156 was employed as the negative control. A 250-bp fragment
of GhCENH3 gene was ampli�ed by PCR from cDNA library of TM-1 leaf tissues using the primer pair
5′AGAAGGCCTCCATGGGGATCCACACCGCTGCTAAGAAACCAAGACG3′/5′GAGACGCGTGAGCTCGGTACCGCTAATAGCTCTTACTTCTCTGATG3′,
and inserted into the pYL156 vector by double digestion BamHI and KpnI to construct pYL156-CENH3. Four vectors were transformed by
freeze-thaw method into A. tumefaciens strain LBA4404 by freeze-thaw method. The Agrobacterium cultures were grown overnight at 28 °C
in LB medium (containing 25 μg·mL-1 rifampicin, 50 μg·mL-1 kanamycin and streptomycin). The bacteria were harvested at 4,000 rpm for 5
min and re-suspended to OD600 of 1.5 in in�ltration solution (LB medium containing 10 mmol·L-1 MES, 10 mmol·L-1 MgCl2 and 200 μmol·L-1

acetosyringone). The bacterial cultures containing pTRV1 and pYL156 or its derivatives were mixed at 1:1 ratio after staying at 25 °C for 4
hours. The phenotype of the in�ltrated plants was examined one week later. Total RNA was extracted from the true leaves of the controlled
and silenced and control plants, respectively. QRT-PCR was performed to con�rm the silencing of the GhCENH3 gene in the VIGS plants.

Results

Identi�cation and syntenic analysis ofGossypium H3gene family
A total of 34 G. hirsutum genes were identi�ed belonging to the H3 gene family (Table 1), which were distributed on 16 chromosomes of A
and D subgenomes, respectively (Fig. 1). Among them, multiple genes were clustered on one chromosome such as three genes were
clustered together on At_chr10 and Dt_chr10 respectively, showing a higher similarity. The H3 gene distributed on chromosomes 5, 6, 8, 10
and 13 of the A subgenome showed a higher collinearity with those in the D subgenome (Fig. 1).

In addition, 18 H3 genes were distributed on 8 chromosomes and 2 scaffolds (scaffold3134 and scaffold 3624) of G. arboreum, while 16 H3
genes of G. raimondii where distributed in 7 chromosomes and 4 scaffolds (scaffold 371, scaffold266, scaffold266 and scaffold23),
respectively (Supplementary Table S1). The syntenic analysis of H3 gene in different cotton species revealed that three genes of G. arboreum
(Cotton_A_23780, Cotton_A_28035 and Cotton_A_34310) and one gene of G. raimondii (Cotton_D_gene_10004657) were lost in evolution,
while �ve genes of G. hirsutum (Gh_A05G1915, Gh_A07G1271, Gh_D07G0357, Gh_D07G1382 and Gh_D10G0981) were appeared during
evolution (Fig. 2).

Evolution and structure analysis of HistoneH3genes inG. hirsutum
These identi�ed 34 H3 genes of G. hirsutum were divided into four sub-classes including CENH3, H3.1, H3.3 and H3-like (Fig. 4) by
comparing with the H3 gene of Arabidopsis: Among these 34 H3 genes, 22 and 9 genes belonged to the subclasses H3.1 andH3.3, while
subclasses CENH3 and H3-like contained only two and one genes (Fig. 3). Structural analysis of the H3 genes of G. hirsutum showed that the
H3.1 sub-class contained no introns except Gh_D10G0981 with an intron, while the sub-classes H3.3, CENH3 and H3-like contained multiple
introns. These results were similar to previous studies (Okada T1 and Endo M 2005; Cui J and Zhang Z 2015).

Conserved sequences analysis in theH3gene family
The conserved sequence of the H3 protein family were analyzed in G. hirsutum (Fig. 5). Out of the 34 G. hirsutum H3 proteins, 31 had a
highly conserved sequence, including 22 H3.1 proteins and 9 H3.3 proteins, in which only four conserved amino acid substitutions found at
sites 31, 41, 87 and 90 between the H3.1 and H3.3 subclass, where the four conserved amino acids are A31F41S87A90 for H3.1 and
T31Y41H87L90 for H3.3. These four conserved amino acid signatures could be used to discriminate H3.1 from H3.3. Additionally, 2 CENH3
proteins (Gh_A07G1271 and Gh_D07G1382) and H3-like protein (Gh_D07G0357) had a highly diverse sequence and InDel. The CENH3 and
H3-like subclasses carried the R31(P/R)41S87(H/L)90 and N31Q41P87Y90 signatures, respectively.
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Previous studies showed that the histone H3 lysine 4 trimethylation (H3K4me3), and H3 lysine 36 di- and trimethylation (H3K36me2/me3)
were associated with active gene expression while H3 lysine 9 methylation and H3 lysine 27 trimethylation (H3K27me3) were involved in
gene repression (Cui J, Zhang Z and Shao Y 2015). In our study, the K4, K9, K27 and K36 were highly conserved in H3.1 and H3.3, while the
members of CENH3 carry K4, K9, S27 and K/N36, and H3-like carried H4, L9, A27 and E36, indicating that the lysine modi�cations were
conserved in the two sites of K4 and K9.

Based on the Ka/Ks ratio, it can be assumed that Darwinian positive selection was linked with the H3 gene divergence after duplication
(Prince VE and Pickett FB 2002; Vandepoele K 2003). In our study, we found that 16 gene pairs had low Ka/Ks ratios (smaller than 0.5) and
one gene pair had the Ka/Ks ratios between 0.5 and 1.0. Only one gene pair (Gh_A07G1271-Gh_D07G1382) had Ka/Ks larger than 1, might
be due to relatively rapid evolution following duplication (Table 2). As most of the Ka/Ks ratios were smaller than 1.0, we presumed that the
cotton H3 gene family had undergone strong purifying selection pressure with limited functional divergence that occurred after segmental
duplications and whole genome duplication (WGD).

Expression pro�le ofH3genes across different tissues and developmental
stages
To understand the temporal and spatial expression levels of different H3 genes, a publicly deposited RNA-seq data was used to assess the
expression pro�le across different tissues and developmental stages. Among the 34 H3 genes, four groups of genes have been identi�ed
with FPKM > 0.5 in at least one of the selected tissues and developmental stages (Fig. 6). We found that H3 genes were widely expressed in
the vegetative (root, stem and leaf) and reproductive (petal, stamen and pistil) tissues as well as in the �ber (5, 10, 20 and 25 DPA), indicating
these have multiple biological functions in different tissues. Interestingly, we found that genes belong to H3.1 subgroup were up-regulated in
pistil and all vegetative (root, stem, and leaf) tissues and down-regulated in other tissues, indicating their critical role in pistil development.
Some genes were up-regulated in one tissue while down-regulated in the other tissues. For example, the high expression of Gh_A02G0886 in
stamen suggests that it may play a critical role in stamen development. Similarly, Gh_D07G1382 was up-regulated in pistil and stamen while
down-regulated in other tissues. In contrast, some genes were highly expressed in different �ber developmental stages such as
Gh_A11G1633 and Gh_D02G0973 were up-regulated in the early stage (5 and 10 DPA) of �bre development, while down-regulated in the 20
and 25 DPA of �ber development.

Silencing of theGhCENH3gene affecting the leaf size and the number of the
stomata and stroma chloroplast
Functional analysis of the gene GhCENH3 was performed in TM-1 using VIGS technology to validate its role in leaf size and the number of
the stomata and stroma chloroplast in cotton. After the Agrobacterium-mediated infection, the phenotype of both silenced and non-silenced
plants was observed regularly to check the e�ciency ofgene silencing. The mutant phenotypes of the VIGS-treated plants started to emerge
after one week of Agrobacterium-mediated infection. The plants injected with pYL156-PDS showed the loss of normal green coloration with
albino phenotype in leaves (Fig. 7), showing the e�ciency of gene silencing. The signi�cantly smaller size leaves of the plants in�ltrated with
pYL156-CENH3 were observed (Fig. 7), while, the plants in�ltrated with pYL156 had no effect on leaves (Fig. 7). To check the silencing
e�ciency, qRT-PCR was performed which showed a signi�cant lower expression of candidate gene in the plants infected by pYL156-CENH3
(Fig. 8). In additional, the number of the stomata was 57 ± 1.414 with the coe�cient variation 0.055 by pYL156-CENH3, 21 ± 0.632 with the
coe�cient variation 0.067 by pYL156 and 15 ± 0.748 with the coe�cient variation 0.109 by pYL156-PDS (Fig. 9). The number of the stomatal
chloroplast was 46.8 + 5.805 with the coe�cient variation 0.1240 by pYL156-CENH3, 21.2 + 2.864 with the coe�cient variation 0.1351 by
pYL156 and 0 in the Photo-bleaching leaf phenotype (Fig. 10). Moreover, the stomatal chloroplast showed size variations in plants injected
by pYL156-CENH3, which would need further research to identify the reason of this size variation.

Discussion
In this study, 34 G. hirsutum genes were identi�ed belonging to the H3 gene family and they were divided into four subclasses: CENH3, H3.1,
H3.3 and H3-like, among which the H3.1 subclass contained the highest number of genes (22 members) followed by H3.3 subclass (9
members). The genes of H3.1 subclass had the high expression level in pistil indicated that the members of the H3.1 subclass may play a
critical role in pistil development. In addition, 18 and 16 H3 genes were identi�ed in G. arboreum and G. raimondii, respectively. Syntenic
analysis of the H3 gene family in three cotton species revealed that three and one genes of G. arboreum and G. raimondii were lost during
evolution, while 5 genes were appeared in G. hirsutum, showing that these genes play a critical role in cotton evolution.
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Structural analysis of the H3 gene family showed that H3.1 subclass contains almost no introns, while rest of the H3 genes contain multiple
introns, which is consistent with the previous results (Okada T1 and Endo M 2005; Cui J and Zhang Z 2015). Additionally, the signature of
four conserved amino acids A31F41S87A90 for H3.1 and T31Y41H87L90 for H3.3 was discovered through sequence alignment. The
signature characteristics of four conserved amino acids and absence of intron could be used to distinguish H3.1 from H3.3 subclass.

Previous study indicated that the H3K4me3 and H3K36me2/me3 are associated with gene expression, while H3 lysine 9 methylation and
H3K27me3 are involved in gene repression (Cui J and Zhang Z 2015). In this study, the K4, K9, K27 and K36 are highly conserved in H3.1 and
H3.3 subclasses, while rest of the H3 proteins has more sequence variations. For example, CENH3 carry K4, K9, S27 and K/N36, and H3-like
carry H4, L9, A27 and E36, indicating that lysine modi�cations are conserved in two sites (K4 and K9), and 27 and 36 sites may associated
with diverse functions, however more work need to validate it.

Haploid breeding is a challenging task in cotton due to the di�culty of the production of stable haploid plants and chromosome doubling of
the haploid plant. The haploid plants were thin and stunted with small leaves, small buds and no-cracked anthers in the early �owering stage
(Turcotte EL and Feaster CV 1963; Owings AD, P. Sarvella and Meyer JR 1964). A rapid identi�cation of the haploid plants is the key to map
and clone the gene (Prigge V and Melchinger AE 2012; Dong X and Xu X 2013; Kelliher et. al. 2017). The number of stomata on the leaf
epidermis per unit area in haploid plant is two or three times higher than that in diploid plants, even in segregating population (Zhang Jun
and Yi Chengxin 2002). In addition, stoma chloroplast can also be used to identify the haploid plants because the ratio of the chloroplast in
the leaf stomatal guard cells between the haploid (n = 2x = 26) and the diploid (2n = 4x = 52) plants is 1: 2 even in the chimera leaf, which is
similar to the ratio of the chromosome number (Chaudhari HK and Barrow JR 1975; Howman EV and Fowler KJ 2000). In current study, the
smaller leaf size has been observed in plants (TM-1) infected by pYL156-CENH3 than the plants (TM-1) infected by pYL156. The number of
the stomata on the leaf epidermis per unit area of the infected plants by pYL156-CENH3 was more than that by pYL156 and pYL156-PDS,
which is consistent with previous research (Zhang Jun and Yi Chengxin 2002). Interestingly, the number of chloroplasts in the leaf stomatal
guard cells by pYL156-CENH3 is more with dispersed states than that by pYL156 which is not consistent with previous studies (Chaudhari
HK and Barrow JR 1975). It may be due to the homozygosity after VIGS injection. In mice, the knockout of the CENPa gene (CENP-A) resulted
the development of healthy and fertile heterozygous, while the development of the homozygous mutant embryos took place no more than
6.5 days, and the damaged embryo has an abnormal mitotic division (Howman EV and Fowler KJ 2000). In Arabidopsis, a homozygote that
completely lose CENH3 gene could only develop into the spherical stage, whereas heterozygous mutants developed normally (Yang
Yuanyuan 2013). However, further studies are needed to explore the role of CENH3 for the production of haploid and double haploid plants of
cotton.

Conclusions
This study reveals that GhCENH3 gene which belongs to the H3 gene family plays an important role in leaf size development and also
signi�cantly affects the number of the stomata and chloroplasts in leaf epidermis.
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Figure 1

Genomic locations of H3 genes on the G. hirsutum chromosomes (Mbp).
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Figure 2

The syntenic blocks analysis of H3 genes among G. hirsutum, G. arboreum and G. raimondii scaffolds.
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Figure 3

Phylogenetic analysis of H3 gene family of G. hirsutum and Arabidopsis.



Page 12/16

Figure 4

Phylogenetic and gene structure analysis of the G. hirsutum H3 genes family.
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Figure 5

Sequence alignment of G. hirsutum H3 protein family. The signature positions 31, 41, 87, and 90 to distinguish the H3.1 and H3.3 are marked
by a red character on a black background. The K4, K9, K27 and K36 commonly associated with histone methylations are also highlighted by
a red character on a black background.

Figure 6

Expression levels of H3 genes family among different tissues and during �ber developmental stages. The color bar represents the expression
values.
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Figure 7

Silencing of the GhCENH3 gene in TM-1 by VIGS resulted. PYL156-PDS and pYL156 were used as positive and negative controls,
respectively. Leaves of VIGS plants displayed mutant phenotypes. Photo-bleaching phenotype in the positive control plant by pYL156-PDS;
smaller leaf size phenotype in the plant infected by pYL156-CENH3; Normal green phenotype in negative control plant.
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Figure 8

Results of qRT-PCR between pYL156-CENH3 and pYL156 in TM-1. Y-axes indicates the relative expression level of the gene and X-axes
represents the pYL156 and pYL156-CENH3 in the TM-1.

Figure 9

The number of stomata after silencing of the GhCENH3 gene by VIGS resulted in TM-1. PYL156-PDS and PYL156 were used as positive and
negative controls, respectively. Leaves of VIGS plants displayed mutant phenotype. Photo-bleaching phenotype in the positive control plant
by pYL156-PDS; more stomatas in the plant infected by pYL156-CENH3; Normal green phenotype in the negative control plant.
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Figure 10

The number of chloroplast after silencing of the GhCENH3 gene by VIGS resulted in TM-1. PYL156-PDS and pYL156 were used as positive
and negative controls, respectively. Leaves of VIGS plants displayed mutant phenotype. Photo-bleaching phenotype in the positive control
plant by pYL156-PDS; more and smaller chloroplasts in the plant infected by pYL156-CENH3; Normal green phenotype in the negative control
plan by pYL156.
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