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Loquat is a widely grown subtropic fruit because of its unique ripening season, nutrient
content, and smooth texture of its fruits. However, loquat is not well-received because
the fruits contain many large seeds. Therefore, the development of seedless or few-seed
loquat varieties is the main objective of loquat breeding. Polyploidization is an effective
approach for few-seed loquat breeding, but the resource is rare. The few-seed loquat
line H30-6 was derived from a seedy variety. Additionally, H30-6 was systematically
studied for its fruit characteristics, gamete fertility, pollen mother cell (PMC) meiosis,
stigma receptivity, in situ pollen germination, fruit set, and karyotype. The results were
as follows. (1) H30-6 produced only 1.54 seeds per fruit and the fruit edible rate was
70.77%. The fruit setting rate was 14.44% under open pollination, and the other qualities
were equivalent to those of two other seedy varieties. (2) The in vitro pollen germination
rate was only 4.04 and 77.46% of the H30-6 embryo sacs were abnormal. Stigma
receptivity and self-compatibility in H30-6 were verified by in situ pollen germination
and artificial pollination. Furthermore, the seed numbers in the fruits of H30-6 did
not significantly differ among any of the pollination treatments (from 1.59 +0.14 to
2 + 0.17). (3) The chromosome configuration at meiotic diakinesis of H30-6 was 6.871
+ 9.991 + 1.071ll +0.69IV +0.24V (H30-6), and a total of 89.55% of H30-6 PMCs
presented univalent chromosomes. Furthermore, chromosome lagging was the main
abnormal phenomenon. Karyotype analysis showed that chromosomes of H30-6 had
no recognizable karyotype abnormalities leading to unusual synapsis on the large scale
above. (4) The abnormal embryo sacs of H30-6 could be divided into three main types:
those remaining in the tetrad stage (13.38%), those remaining in the binucleate embryo
sac stage (1.41%), and those without embryo sacs (52.82%). Therefore, we conclude
that the loquat line H30-6 is a potential few-seed loquat resource. The diploid loquat

Frontiers in Plant Science | www.frontiersin.org 1

May 2022 | Volume 13 | Article 882965


https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org/journals/plant-science#editorial-board
https://www.frontiersin.org/journals/plant-science#editorial-board
https://www.frontiersin.org/journals/plant-science#editorial-board
https://www.frontiersin.org/journals/plant-science#editorial-board
https://doi.org/10.3389/fpls.2022.882965
http://crossmark.crossref.org/dialog/?doi=10.3389/fpls.2022.882965&domain=pdf&date_stamp=2022-05-23
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/plant-science#articles
https://creativecommons.org/licenses/by/4.0/
mailto:qgguo@126.com
mailto:lianggl@swu.edu.cn
https://doi.org/10.3389/fpls.2022.882965
https://www.frontiersin.org/articles/10.3389/fpls.2022.882965/full













Xia et al.

Low Fertility Causes Loquat Few-Seed

Zoom. v16 microscope [H30-6 (J), H411 (K), B336 (L)].

FIGURE 2 | Images of flower organs: (A-C), vertical sections of flower buds 1 day before opening [H30-6 (A), H411 (B), B336 (C)]; (D-F), ovules in one ovary [H30-6
(D), H411 (E), B336 (F)]; (G-1), field observations of anther dehiscence [H30-6 (G), H411 (H), B336 (I)]; (J,K), dried anthers imaged under a Carl Zeiss Jena Axio

those on the stigmas of H30-6, where only the small areas of two
opposite angles were stained. The aniline blue staining results
showed that the pollen germinated and that the pollen tubes
passed through the styles, which also indicated that the stigma
receptivity was normal. We calculated the percentages of stigmas
with pollen, styles with germinated pollen, and styles penetrated
by pollen tubes for each of the five pollination methods. For
the first method (natural pollination with bag), there was no
pollen on the stigmas and no pollen germination on the styles,
regardless of whether the observation was made 2, 3, or 4 DAO
(Figures 6D-F, Supplementary Table 2). For the second method
(open pollination), from 2 DAO to 4 DAO, the percentages of

stigmas with pollen, styles with germinated pollen, and styles
with pollen tubes that passed through increased (21.7, 41.18, and
46.67%; 21.71, 39.5, and 45.56%; 0, 4.2, and 16.67%; respectively)
(Figures 6G-1, Supplementary Table 2). The staining results of
styles pollinated with H30-6 pollen (2 DAP) showed that the
percentages of stigmas with pollen, styles with germinated pollen,
and styles with pollen tubes that passed through were much
lower than the percentages observed under pollination with
H411 and B336 pollen (Figures 6]J-L, Supplementary Table 2).
These results suggest that H30-6 pollen can germinate on H30-
6 styles but that its low pollen viability may cause a lower in
situ germination rate and a lower percentage of style pollen tube
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FIGURE 3 | Pollen morphology as observed via scanning electron microscopy, images of pollen germination, numbers of normally shaped pollen grains and
germinated pollen grains, and pollen quantity per anther: (A=C), equatorial views of pollen grains [H30-6 (A), H411 (B), B336 (C)] showing the sexine with striate
ornamentation and sparse holes between the ridges. (D-F), pollen grains of H30-6, H411, and B336 under the scanning electron microscope. (G-1), in vitro pollen
germination of H30-6, H411, and B336, respectively. (J) normal shape pollen ratio and germination pollen ratio of H30-6, H411, and B336. (K) pollen quantity per
anther. The statistical differences in means of normal shape pollen ratio, germination pollen ratio among H30-6, H411, and B336 were determined using the LSD test
separately; different letters beside the bar indicate that the means are significantly different (P < 0.05); values are presented as mean (+ SE).

passage, also proving that the natural fruits of H30-6 are likely
hybrid fruits.

Embryo Sac Structure

As we observed ovules at 1 DBO, the embryo sacs should
have been mature with 8 nuclei. H30-6, H411, and B336 all
had normal embryo sacs, but the normal embryo sac rate
of H30-6 was only 22.54%, which was obviously lower than
that of the controls (H411 71.79%, B336 95.93%) (Figure 7,
Supplementary Table 3). Each ovary had 10 ovules, so in
H30-6, the normal ovule number per ovary was 2.25. This
number was close to the average seed number of H30-6 natural
fruits (1.54), so we speculate that embryo sac abnormality
may be the most restrictive factor for lower seed formation.
The abnormal embryo sacs could be divided into three main
kinds: those remaining in the tetrad stage (with one functional
macrospore or with four macrospores, 17.27%), those remaining
in the binucleate embryo sac stage (1.82%), and those without
an embryo sac (68.18%) (Figure7, Supplementary Table 3).
We hypothesize that majority of functional macrospores were
disabled, which caused the differentiation shutoff or degradation
of female gametes.

Fruit and Seeds Obtained Through Various

Pollination Treatments

The pollination treatments performed over consecutive years
showed that when artificial selfing was applied to H30-6, the
average fruit setting rate, average seed number per fruit and
average seed ovule ratio were 9.93 £ 6.08%, 1.82 £ 0.28%,
and 2.11 =+ 1.44%, respectively (Table 4). Therefore, we believe
that H30-6 is a self-compatible line. H30-6 pollination with
H411 or B336 pollen dramatically improved the fruit setting
rate (25.2 & 6.23% and 26.68 £ 6.37%, respectively) compared
with those under artificial selfing (9.93 £ 11.64% and 0.47 +
2.94%) and natural pollination with bagging (2.13 & 5.46% and
0.09 £ 1.24%) (Table 4). When H30-6 was open-pollinated, the
fruit setting rate was significantly increased than those under
natural pollination with bagging. These results showed the low
fertility of H30-6 pollen was a limiting factor for the fruit
setting. However, all pollination treatments to H30-6 showed
no significant difference in seed number per fruit (from 1.59
+ 0.14 to 2 £ 0.17), which proved that the male gametes
were not the main reason for the low seeds’ formation in the
natural fruits of H30-6 and may indicate that at least 1 to 2
seeds were usually needed for the loquat fruit set of H30-6
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the microspore mother cell stage, tetrad stage, and mature pollen stage.

FIGURE 4 | Images of anther slices: (A-C), Anther of H30-6 at the microspore mother cell stage (with microspore mother cells before meiosis), tetrad stage of meiosis
stage, as well as the mature pollen stage; (D-F) anther of H411 at the microspore mother cell stage, meiosis stage, and mature pollen stage; (G-l) anther of B336 at

(Table 4). The average seed number per fruit was also close
to the former results of the number of ovules with normal
embryo sac (2.25) in the ovary of H30-6. All these results proved
that embryo sac abnormality was the most important restrictive
factor for seed formation of H30-6. The seed ovule ratios were
dramatically increased when H30-6 was pollinated with H411
or B336 pollen than that natural pollinated with the bag. But
there was no significant difference in seed ovule ratio among
the four pollination treatments, pollination with pollen of H411,
pollination with pollen of B336, open pollination, and artificial
selfing when H30-6 was the female parent (Table 4). Meanwhile,
the fruit setting rate and seed ovule ratio were without significant
difference among pollination treatments (pollinated with pollen
of B336 or H30-6, and artificial selfing) to H411 (Table 4). There
was no significant difference in fruit setting rate and seed ovule
ratio among pollination treatments (pollinated with pollen of
H30-6 or H411, and artificial selfing) to B336 (Table4). The
results above showed that H30-6 can be used as a male parent
in loquat breeding.

Somatic Cell Karyotypes

The small amount and low vitality of pollen and the
differentiation shutoff or degradation of the female gametes
showed that H30-6 had low gametophyte fertility, which caused
the low seed formation of the loquat fruit. We believe that there
must be some common reasons for the low gametophyte fertility.
As the abnormal meiosis of PMCs caused the male gametes to
be sterile and the disabled functional macrogametes came from
the MMCs, we observed the chromosomes of H30-6 to try to
determine a common underlying factor.

The chromosome number shoot and stem-tip cells showed
that H30-6 was diploid (2n = 34), which was
the same as that of the controls; thus, the univalent was
observed during PMC meiosis was not caused by an unbalanced
chromosome number. Then, we analyzed the chromosome
karyotype. The relative length (%) (long arm + short arm
= full length), arm ratio (long/short) and chromosome type
were assessed (Supplementary Table 4). The karyotype formulas
were as follows: 2n = 2x = 26m + 8 sm (H30-6), 2n =

2 X =
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TABLE 3 | Counting of pollen mother cell (PMC) meiosis phenomena.

Meiosis stage Phenomenon Lines/varieties
H30-6 H411 B336
Number of Percentage Number of Percentage Number of Percentage
PMCs (%) PMCs (%) PMCs (%)
Metaphase | Normal 10 20.41 490 81.53 135 97.82
With chromosomes lag 32 65.31 104 17.3 3 217
Chromosomes doubled 8 16.33 7 1.16
Total number of PMCs 49 601 138
Anaphase | Normal 0 0 277 90.52 112 100
With chromosomes lag 20 95.24 24 7.84
With micronucleus 8 38.1
With chromosomes bridge 5 1.63
Total number of PMCs 21 306 112
Telophase | Normal 7 9.33 329 95.64 58 100
With chromosomes lag 36 0.48 15 4.36
With chromosomes bridge 1 1.33
With micronucleus 32 42.67
Total number of PMCs 75 344 58
Prophase Il Normal 15 31.91 255 93.41 219 100
With dissociative chromosomes 17 36.17
With micronucleus 12 25.53 18 6.59
Unequal separation of chromosomes 2 4.26
Chromosomes doubled 1 2.13
Total number of PMCs 47 273 219
Metaphase Il Normal 5 3.21 261 84.74 148 98.01
With chromosomes lag 86 55.13 43 13.96 3 1.99
Chromosomes doubled 64 41.08
With micronucleus 46 29.49 4 1.3
With perpendicular spindle 6 3.85
With splayed spindle 9 5.77
Total number of PMCs 156 308 151
Anaphase |l Normal 0 0 195 78.31 86 98.85
With chromosomes lag 57 91.94 15 6.02 1 1.15
With micronucleus 21 33.87 9 3.61
With chromosomes bridge 30 12.05
With splayed spindle 8 12.9
With perpendicular spindle 2 3.23
With cross spindle 1 1.61
Total number of PMCs 62 249 87
Telophase I Normal 17 7.36 299 81.25 580 96.99
With chromosomes lag 107 46.32 13 217
Unequal separation of chromosomes 50 21.65 3 0.82
With micronucleus 97 41.99 38 10.33 2 0.33
Dyad 2 0.54
Triad 11 4.76 14 3.8 3 0.5
Polyad 5 2.16 12 3.26
Total number of PMCs 231 368 598

2x = 18m + 16 sm (H411), and 2n = 2x = 30m + 4 sm  chromosome field theory, the chromosomes belonged to the
(B336). The chromosome lengths varied from 1.54 4 0.08-  small chromosome. The ratios of the longest chromosome to
2.63 £ 0.09 wm (H30-6), 2.02 + 0.16-3.59 £ 0.16 um (H411),  the shortest were 1.71 (H30-6), 1.78 (H411), and 1.59 (B336),
and 1.57 £+ 0.05-2.5 £ 0.1pm (B336). According to the andchromosome arm ratios above 2 accounted for 0.03 (H30-6),
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0.13 (H411), and 0.06 (B336) of the total ratios. Therefore,
according to Stebbins’s (1971) classification, the karyotypes were
all 2A types. The asymmetrical karyotype coefficients were
59.03% (H30-6), 61.95% (H411), and 59.23% (B336). Figure 8
shows the chromosome images, karyograms, and idiograms
of H30-6, H411, and B336, respectively. The chromosome
observation results revealed no obvious chromosomal numerical
or structural abnormalities.

DISCUSSION

Low Female Gametophyte Fertility Is
Mainly Responsible for the Low Seed
Formation of H30-6

Few-seed usually results from low gametophyte fertility (Xiao
etal., 2007; Rédei, 2008; Qiu et al., 2012; Li et al., 2016; Royo et al.,
2016), self-incompatibility (Zhang et al., 2012; Gambetta et al.,
2013; Garmendia et al., 2019) and embryo abortion (Pearson,
1932; Tang, 2001). There was no self-incompatibility found for
H30-6, which can be demonstrated proofed by the result of
artificial selfing and in situ pollen germination. As a result, low
fertility should be responsible for the few-seed nature of H30-6.
There were no abnormalities found in flower morphology, but
only limited pollen existed on the dehiscent anther indicating a
low male gamete fertility character. Additionally, this was verified
according to the vertical sections of mature anther and pollen
morphology observation. Further, the pollen viability test showed
that only 4.04% of pollen could germinate in vitro. So H30-6
was a male sterile material depending on Deng (2009a) standard.
However, the pollination treatment results showed that there
was no significant difference in the seed number (1.59-2) per
fruit when the pollen of H30-6, H411, and B336 was used or
open-pollinated. Meanwhile, the former embryo sac observation
results showed that there were only 2.25 normal ovules in each
ovary of H30-6. It was reasonable to assume that abnormal
embryo sacs should be responsible for low seed formation.

May Abnormal Meiosis Lead to Low
Female Gametophyte Fertility of H30-6?

The formation of both male and female gametophytes is
a precisely coordinated process, including the formation
of gametophyte mother cells, meiosis, and gametophyte
development. Therefore, there are three likely mechanisms
leading to low gametophyte fertility: pre meiosis abnormality,
such as a lack of sporogenous cells (Schiefthaler et al., 1999; Yang
et al, 1999) and defects in meiotic entry (Hong et al., 2012),
meiosis abnormalities, such as arrests at one meiosis period
(Siddiqi et al., 2000) and aberrant chromosome distribution
(Hoyt and Geiser, 1996; d’Erfurth et al, 2008; De Storme
and Geelen, 2011), and postmeiotic abnormality, especially
reproductive companion cell abnormalities, which will cause
gametophytes to be sterile (Chaubal et al., 2000; Guo et al,
2001; Suzuki et al.,, 2001; Smith et al., 2002; Kawanabe et al.,
2006; Li et al., 2006; Zhang et al., 2006). In this study, we found
no premeiotic or post-meiotic abnormalities but a multitude
of meiosis abnormal phenomena of PMCs. Therefore, low

male fertility is caused by abnormal meiosis. Although we did
not observe the meiosis of megasporocytes, the differentiation
shutoff or degradation of female gametes showed that most
of the functional macrospores were disabled, which we
speculated could be due to that there were meiotic abnormalities
in megasporocytes.

Possible Mechanism of H30-6 Abnormal
Meiosis

Chromosome number and structural changes can lead to
abnormal meiosis (Grandont et al., 2014; Rocha et al., 2019). Low
fertility is often found in polyploids, which have been used for
loquat seedless and few-seed breeding (Maria et al., 2013). H30-
6 was identified as being a diploid line. That was to say, the
abnormal meiosis of H30-6 was not caused by polyploidization.
A recent report showed that a 2.09 Mb chromosome fragment
translocation causes abnormalities during meiosis and leads
to pollen semisterility and fewer seeds in watermelon (Tian
et al, 2021). Additionally, the fragment translocation results in
one quadrivalent ring of four chromosomes at prometaphase
I during meiosis. During the meiosis of H30-6, the earliest
abnormalities were found during diakinesis, and a high frequency
of univalent chromosomes (6.87) was the main abnormality.
The most likely reason was that homolog pairing failure caused
abnormal meiosis.

Homolog pairing is subdivided into three levels: preselection
of homologous chromosomes, homologous connections
by the synaptonemal complex (the process also known
as synapsis), and the precise matching of DNA molecules
in the process of genetic exchange and conversion (the
process also known as gene recombination) (Moens, 1969;
Loidl, 1990). Abnormalities occurring in all three of these
levels may result in the univalent characteristics found
in diakinesis.

When or how homologous chromosomes select each other
is still unknown (Bozza and Pawlowski, 2008); However,
chromosomal movements that are performed prior to and as a
precondition to any homologous interaction have been widely
supported (Loidl, 1990; Dawe et al., 1994; Bass, 1997), especially
when considering telomere mediated movement (Lange, 1998;
Nimmo et al, 1998; Trelles-Sticken and Scherthan, 2000;
Sepsi and Schwarzacher, 2020). Varas et al. (2015) reported
that two Sad1/UNC-84 (SUN)-domain proteins (AtSUN1 and
AtSUN2) play an important role in telomeres movement
during meiosis, and the double mutant exhibited severe meiotic
defects, including a delay in the progression of meiosis, an
absence of full synapsis, and a reduction in the mean cell
chiasma frequency.

The synaptonemal complex stabilizes the presynaptic
alignment of the axes of the homologous chromosomes and
promotes the maturation of crossover recombination events,
which is widely conserved in sexually reproducing eukaryotes
with the lateral elements (LEs), central elements (CEs), and
transverse element (transverse filaments, TFs) (Gillies and
Moens, 1984; Christa, 1996; Dawe, 1998). Thus far, several
proteins involved in LE, such as budding yeast Hopl and Red1;
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FIGURE 5 | Images of abnormal phenomena of PMCs meiosis: (A1-H4), images of PMCs meiosis of H30-6: (A1-A3), diakinesis, (A1) showing the univalent, (A2)
showing the trivalent, (A3) showing the quadrivalent (arrowhead) and pentavalent (arrow); (B1-B3), metaphase |, (B1) showing a chromosomes lag, (B2,B3) showing
doubled chromosomes; (C) showing chromosomes lag and micronucleus in anaphase |; (D1,D2), Telophase |, showing chromosomes lag, micronucleus

(Continued)
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FIGURE 5 | and the bridge of chromosomes; (E1-E4), prophase II, (E1) showing the dissociative chromosome, (E2) showing the micronucleus, (E3) showing the
unequal separating of chromosomes, (E4) showing the doubled chromosomes; (F1-F4), metaphase II, (F1) showing chromosomes lag and micronucleus, (F2)
showing doubled chromosomes, (F3) showing perpendicular spindle, (F4) showing splayed spindle; (G1-G3) anaphase I, (G1) showing the splayed spindle
chromosomes lag, (G2) showing perpendicular spindle and chromosomes lag, (G3) showing cross spindle and micronucleus; (H1-H4), telophase II, (H1) showing
chromosomes lag and micronucleus, (H2) showing unequal separation of chromosomes, (H3) showing triad and micronucleus, (H4) showing polyad. (I-P5), images
of PMCs meiosis of H411: (I) showing the univalent (arrowhead), trivalent (arrow), and quadrivalent (red arrow); (J1,J2), metaphase I, (J1) showing chromosomes lag,
(J2) showing doubled chromosomes. (K1,K2), anaphase |, (K1) showing chromosome lag and chromosome bridge, (K2) showing chromosomes bridge; (L) showing
chromosomes lag and micronucleus in telophase I; (M) showing micronucleus in prophase Il; (N) showing chromosomes lag in metaphase II; (01,02), anaphase I,
(01) showing chromosomes lag and chromosomes bridges, (02) showing chromosome bridge; (P1-P5) telophase Il, (P1) showing unequal separating of
chromosomes, (P2) showing dyad, (P3) showing triad and micronucleus, (P4,P5) showing polyad and micronucleus. (Q-R2), images of PMCs meiosis of B336: (Q)
showing chromosome lad and chromosomes bridge in anaphase II; (R1) showing micronucleus, (R2) showing a triad. Scale: 10 pm.

500 um

FIGURE 6 | Images of the stigmas receptivity test and pollens in situ germination: (A-C) the stained area showing the stigmas receptivity of H30-6, H411, and B336
respectively. (D-F) showing pollen in situ germination at 2, 3, and 4 days after H30-6 bagging natural pollination receptivity. (G-I) showing pollen in situ germination at
2, 3, and 4 days after H30-6 open pollination receptivity. (J-L) showing pollen in situ germination at 2 days after H30-6 artificial selfing, pollination with pollens of
H411, and pollination with pollens of B336.

mice SYCP2 and SYCP3; nematode HIM-3, HTP-1, HTP-2, and  Zipl, mice SYCP1, Drosophila C (3) G, nematode SYP-1/2/3/4,
HTP-3; and plants proteins ASY1/PAIR2 and ASY3/PAIR3 have  Arabidopsis thaliana ZYP1, and rice ZEP1 have been reported to
been reported (Hollingsworth et al., 1990; Smith and Roeder,  be components of TFs (Sym et al., 1993; Page and Hawley, 2001;
1997; Yang et al., 2006; Sanchez-Moran et al., 2008; Ferdous  De Vries et al., 2005; Higgins et al., 2005; Wang et al., 2010; Lui
et al, 2012; Lui and Colaiacovo, 2013). Furthermore, yeast  and Colaiacovo, 2013).
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small box on each image. Scale: 20 pm.

FIGURE 7 | Images of normal and abnormal embryo sacs: (A-C) normal embryo sacs of H30-6, H411, and B336, respectively. (D-F) abnormal embryo sacs of
H30-6: (D) embryo sac at the tetrad stage, (E) embryo sac at the binucleate embryo sac stage, (F) without embryo sac. The embryo sac area was magnified in the

TABLE 4 | The continuous years of pollination treatments results (2018 to 2021).

Female parent (¢) Pollination No. of flowers No. of fruits No. of seeds Fruit setting rate (%) No. of seeds pre fruit Seed ovule ratio
treatment

H30-6 xH411 () 903 196 360 25.20 + 6.232 1.90 + 0.15 4.64 +£1.042
xB336 () 904 204 400 26.68 + 6.372 2.00 £0.17 5.60 +£1.732
Avrtificial selfing 887 96 200 9.93 + 6.08%° 1.82 +£ 028 211 4 1.44%
Open pollination 720 159 261 14.20 + 3.84% 1.59 +0.14 2.28 4+ 0.73%
Bagging natural 1,203 6 1 0.47 £ 0.35° 1.88 £ 0.13 0.09 + 0.06°
pollination

H411 xH30-6 () 762 144 547 19.06 + 8.94% 3.22+0.72 7.29 4+ 4.70%°
xB336 () 780 222 874 28.22 + 10.63%° 3.63 £ 0.40 11.08 + 5.39%
Avrtificial selfing 943 287 1,187 31.56 + 10.83? 3.89 £+ 0.60 12.93 £ 5.792
Open pollination 585 98 346 13.15 + 4.26% 3.39 £ 0.49 4.90 + 2.46%°
Bagging natural 1219 81 224 8.40 + 3.73° 2.62 £0.33 2.41 £ 1.15°
pollination

B336 xH30-6 () 731 167 574 20.68 + 10.53% 2.66 £ 0.70 6.96 + 4.64%°
xH411 () 706 256 932 35.70 =+ 7.45% 3.62 £ 0.63 13.29 + 4.03%
Avrtificial selfing 618 260 953 53.20 + 20.23? 3.47 £ 0.41 18.71 + 6.862
Open pollination 615 104 302 12.33 £ 1.77° 3.06 £ 0.52 3.55 + 1.16°
Bagging natural 1,216 60 138 10.86 + 7.95° 222 £0.15 2.55 4+ 1.95°
pollination

ANOVA for mean comparisons (LSD, P < 0.05) was performed among different treatments of the same female parent (the seed ovule ratio was analyzed by Dunnett T3 test among
different treatments when H30-6 was a female parent). Lowercase letters indicate differences at the level of significance of 0.05; values are presented as mean + SE.

The gene recombination structure, which is also known as
the visualized crossover (CO), links the homologs after diplotene
in most organisms. Typically, every chromosome undergoes at
least one obligate CO event to ensure proper segregation at
metaphase I (Jones, 1984). The double-strand break repair model

(DSBR) explained the gene recombination (Szostak et al., 1983;
Mercier et al., 2015). Meiotic DNA DSBs are formed by the
highly conserved SPO11 protein (Edlinger and Schlogelhofer,
2011; Bernard, 2013) and PRD1, PRD2, AtPRD3/OsPAIR1, DFO,
and CRC1 proteins in plants (De Muyt et al., 2009; Miao et al.,
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FIGURE 8 | Images of chromosome photo, karyogram, and ideogram: (A-C) showing chromosome images, karyograms, and idiograms of H30-6, H411, and B336
respectively.

2013). In most species, homologous chromosomes do not pair
properly in mutants that do not normally form meiotic DNA
double-strand-breaks (DSBs) (Peoples-Holst and Burgess, 2005;
Yu et al, 2010; Ji et al.,, 2016; Robert et al., 2016). The plant
MREL11, RAD50, and COM1 genes are functionally conserved in
the early steps of DSB processing, and their respective mutants
all display strong chromosome fragmentation at anaphase I
(Mercier et al., 2015). In Arabidopsis, DMC1-mediated inter-
homologous (IH) DNA repair is the predominant pathway of
DSB repair, and when DMC1 is missing, RAD51 works as a
backup pathway leading to a complete absence of synapsis and
bivalent formation (Couteau et al., 1999; Deng and Wang, 2007).
Finally, the CO formation relies on two pathways: the ZMM
pathway, which relies on a group of proteins called ZMMs,
as well as proteins MLH1 and MLH3, and the non-ZMM CO
pathway, in which protein MUS81 has been characterized in
the non-ZMM CO pathway in plants (Mercier et al, 2015).
The mutants of the ZMM pathway and MUS81 were reported
to exhibit various degrees of decrease in COs (Mercier et al.,
2015).

Therefore, to clarify the molecular mechanism of H30-6
abnormal meiosis, the above proteins involved in the homolog
pairing constitute the main points of this study.

CONCLUSIONS

The diploid loquat line H30-6 is a potentially commercial few-
seed (1.54 per fruit) loquat, with high fruit edible rate (70.77%).
The diploid loquat line H30-6 is a male sterile material, and this
sterility is caused by the abnormal meiotic synapses. The low
fertility of H30-6 pollen was a limiting factor for the fruit setting.
The main reason for the few seeds character of H30-6 was the
female gamete abnormality.
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