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Abstract: Interspecific crosses play an important role in gene introgression, plant improvement and speciation.
However, poor fertility of F, plants was commonly found, which hampered backcrossing and ideal progeny gen-
eration. To explore useful materials for further breeding programs, sterile hybrids (DD1, FD1, ZD3) from differ-
ent cross combinations of Lagerstroemia indica and L. speciosa and the fertile hybrid (ZD6) were selected. The
results showed that pollen grains of sterile hybrids had no germination ability while ZD6 showed 25.90% pollen
germination rate. The morphology of stigmas and their papilla cells showed no apparent difference. Normal pollen
tubes could be detected in ovaries of ZD6 and ZD3 24 h after pollination. However, the enlarged ovaries of ZD3
began to abscise at 72 h after pollination, which suggested that the barriers occurred during post-fertilization
phases. As a consequence, ZD6 can be used as either male or female parent for further Lagerstroemia breeding

programs, while the sterile hybrids may be used as female parent through embryo rescue culture.
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Crape myrtle is one of the most popular ornamental
woody plants around the world considering its di-
versified plant forms and long-lasting inflorescence.
Many elite cultivars of crape myrtle have been bred
by interspecific hybridization. It was reported that
cultivars Biloxi, Miami and Wichita from crosses
between Lagerstroemia indica and L. fauriei were
the first cultivars to combine tree growth habit, mil-
dew resistance and a range of flower colours (EGOLF
1987). In 1999, backcrosses between the L. indica x
L. fauriei hybrid cultivar (Tuskegee) and L. indica
were executed, and cv. Trured was produced with
more erected plant-type and longer blooming period

compared with Tuskegee (CARROLL 2008). Interspecific
hybridization can promote the transfer of beneficial
alleles between species and thus introduce valuable
traits of the parental species into a hybrid (RIESEBERG
& WiLLis 2007). However, hybrid sterility of F, gen-
eration was commonly found, which hinders the use
of interspecific hybridization (CHU et al. 2014).

L. indica and L. speciosa, as the two most popular
Lagerstroemia species, have different ornamental ap-
peal. L. speciosa is a large tree species that exhibits
desirable flowering performance and display (WAaNG
et al. 2011), however with a more limited range of
flower colours and growth habits than L. indica
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(PoUNDERS et al. 2007). A combination of desir-
able traits from these two species would increase
genetic variability and introduce new valuable traits
into crape myrtle cultivars. Although chromosome
counts of Lagerstroemia species are often confusing
for small chromosome size and dysploidy within the
family Lythraceae (GRAHAM & CAVALCANTI 2001),
the latest results have indicated that both of the two
species were diploid (2n = 2x = 48) (YANG et al. 2012).
However, they have divergent genetic backgrounds
and taxonomy, L. indica is grouped in section Sibia,
subsection Sibia, whereas L. speciosa is in section
Adambea, subsection Adambea (FURTADO & SRISUKO
1969). POoUNDERS et al. (2007) found that all flowered
progenies of Tonto x L. speciosa were sterile, and the
flowers were very uniform among the interspecific
progenies, offering limited prospect for selection.
WANG et al. (2010) found that no viable embryos were
generated in the backcrosses of F, hybrid as female
parent, whereas, some backcrosses with L. indica
as female parent produced embryos. The sterility
of the F, hybrids has hampered the utilization of
interspecific hybridization and further recombina-
tion of genomes of the two species.

To clarify the reason for impaired fertility of F, hy-
brids between the two species and create novel crape
myrtle cultivars, we obtained fertile and sterile hybrids
successfully and planted them in the same field as
materials. Since little information is available about
analyses of L. indica x L. speciosa hybrids with dif-
ferent fertility and the occurrence of pre- or postzy-
gotic barriers in interspecific hybrids, we detected
the pollen morphology, pollen vitality and stigma
morphology of F, hybrids and their parents. Pollen
tube behaviours of L. indica and L. speciosa in the
styles and ovaries of the sterile and fertile progenies
were also observed. The results laid a foundation for
further Lagerstroemia breeding programs.

MATERIAL AND METHOD

Plant material. Interspecific crosses were car-
ried out (Table 1) with L. speciosa used as pollen
donor and L. indica Fenjing, Duohuazi and Zixia as

maternal parent. In total, five seedlings (DD1-DD6)
from L. indica Duohuazi x L. speciosa, 46 seedlings
(FD1-FD46) from Fenjing x L. speciosa and 61 seed-
lings (ZD1-ZD61) from Zixia x L. speciosa were
generated and cultivated in pots in a greenhouse
at Beijing, P.R. China (40°17'N, 116°39'E), and then
transplanted to the field at Guangdong, P.R. China
(23°03'N, 112°27'E). After blooming for the first time,
all F, hybrids were infertile except ZD6. We chose
three healthy sterile hybrids (DD1, FD1, ZD3) and
the fertile hybrid (ZD6) as experiment materials.
L. indica Creole and L. speciosa served as pollen
donors for pollen tube behaviour observation.

Identification of hybrids. DNA was extracted
from fresh leaves using the FastDNA kit (Tiangen
Biotech, Beijing, P.R. China). The Perl script MISA
(http://pgrc.ipk-gatersleben.de/misa/misa.html) was
used to identify simple sequence repeats (SSRs) of
the transcriptome (data not published). Primers were
designed using the Primer Premier software (Ver-
sion 5.0, PREMIER Biosoft) (Table 2). PCR amplifica-
tion was performed as reported previously by ZHANG
et al. (2012). GeneMapper® ID Software(Version 3.2,
Applied Biosystems) was used to analyse size peaks.

Sexual hybridization. The progenies were crossed
with L. speciosa and L. indica Creole respectively.
Panicles of the maternal plants were emasculated
before anthesis in early morning (5:00-7:00 AM).
Pollinations were performed after 9:00 AM and the
pollinated panicles were isolated with paper bags
(XU 2014). The fruiting rate was evaluated as CA1
et al. (2010).

Pollen and stigma characteristics. Pollen germi-
nability was measured as described previously (Cal
etal.2010). Pollen grains were surveyed under a light
microscope (Zeiss Axio Scope Al, Zeiss, Germany) and
regarded as germinating when the pollen tube length
exceeded the diameter of the pollen grain (KuLiGows-
KA et al. 2015). Pollens and stigmas were collected and
rehydrated (SMYTH et al. 1990). After critical point
drying, the pollens and stigmas were coated with gold
and observed under a scanning electron microscope
(SEM) (SU8010, Hitachi, Japan). The pollen tubes
of L. indica Creole and L. speciosa were observed

Table 1. Interspecific crosses between Lagerstroemia indica and L. speciosa

Female parent Male parent

No. of pollinated flowers

No. of seed pods No. of F; seedlings

L. indica Duohuazi L. speciosa 39
L. indica Fenjing L. speciosa 35
L. indica Zixia L. speciosa 24

25 5
12 46
18 61
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Locus Repeat motif Primer sequence (5'-3) Tm (°C) Product
SSROE7 GGT6 F: GGTGAATGGGTACTTGGGGG - 171
( ) R: CTCTTAACCTCCACGCTCCG ’
F: CCACCACCATCTCCCACATC
SSR976 (GAA)6 R: GATGACAACTCCTCCACCGG 57.9 208
F: TAATCAACCAAGCCAGCCGG
SSR1022 (TTO8 R: ATCGTGATGGTTGGTGGGAG 558 152
SSR1044 (TGC)6 F: TTCTGCTTCTCTTGCTGCGT 53.8 175

R: AAGAACATGCCGCGCCTC

Tm — annealing temperature

at 6, 24 and 48 h after pollination of ZD3 and ZD6.
Pistils were softened in 8 M NaOH and stained with
0.1% (w/v) aniline blue (FRANCES & RICHARDS 1990),
photographed under a fluorescent microscope (Leica
M165 FC, Leica Microsystems, Germany) equipped
with a digital camera (Leica DFC450 C, Germany).
The parents used as controls were analysed together
with the progenies, and comparisons of the pollen
germination rate were performed by one-way ANOVA
using the SPSS Statistics (Version 20.0, IBM SPSS).

RESULTS

Fruiting rate determination. To confirm the fertil-
ity of different F, progenies, controlled pollinations
were conducted. The results showed that sterile
hybrids did not generate any fruit, while their ova-
ries obviously enlarged three days after pollination.
However, all of them abscised seven days after pol-
lination. The fruiting rate of ZD6 showed 67%. When
ZD6 served as pollen donor, the fruiting rate was
decreased (Table 3).

Hybrid identification by SSR analysis. Seventy-
two SSR primer pairs were selected randomly from
the transcriptome for PCR amplification, 26 of which
were amplified successfully in L. speciosa, L. indica
Zixia and ZD6. Further SSR polymorphism evalu-
ation showed that 23 SSR loci were polymorphic.
Of them, four SSR markers were selected to verify
interspecific hybridity (Table 2). Based on Mendelian
ratios for gene segregation, ZD6 was confirmed to
be an interspecific hybrid between L. indica Zixia
and L. speciosa, which showed that all loci of ZD6
were represented by one maternal and one paternal
allele (Figure 1, Table 4).

Pollen viability and morphology, stigma mor-
phology. Pollen grains of the parents (Figure 2A-D)
had normal sphericity and higher germination rates
(63.7%; Table 5). Over 70% pollen grains of these
parents (Figure 3A-E) were morphologically normal
under SEM. While pollen grains of the sterile plants
were irregular in shape (Figure 2E-G), without ger-
mination ability (Table 5) and exhibited shrivelled
exine patterns (Figure 3F—H). The fertile ZD6 showed

Table 3. Ovary development after controlled pollination with Lagerstroemia indica and L. speciosa

. »  No. of pollinated No. of enlarged ovaries after pollination  No. of seed  Fruiting
Female parent® Male parent
flowers 3 days 5 days 7 days pods rate (%)
DD1 150 63 23 0 0 0
DD1 86 30 0 0 0
FD1 126 39 0 0 0
FD1 101 34 0 0 0
ZD3 106 27 16 0 0 0
ZD3 123 23 4 0 0 0
Z2D6 113 87 83 76 76 67
Z2D6 200 181 169 38 38 19

L. indica Creole, "L. speciosa

30



Czech Journal of Genetics and Plant Breeding, 55, 2019 (1): 28—34 Original Paper

https://doi.org/10.17221/174/2017-CJGPB

Table 4. Allele size variation of five SSR markers (all sam-

*Data followed by different letters within a column is statisti-
cally different (P < 0.05)

T
-
g ples are diploid)
b " % Actual allele sizes (bp)
g  Locus . ) PP
. . ~ Lagerstroemia speciosa L. indica Zixia ~ ZD6
B 8 i "g SSR967 188:188 176:176 176:188
I s E\ SSR976 236:236 230:230 230:236
8 g—=11 58 185 ]‘ 2 SSR1022 169:169 175:181  169:175
S J B S ©
= 1 - S SSR1044 182:194 197:197 182:197
2 3 3 2
= =2 — <
i
% 25.9% pollen germination ability (Table 4). Pollen
| — | I I g) grains of ZD6 were divided into two categories: nor-
d " gssss8383°R" -B7gssg88888° . . . .o .
GEEERHELE §§§§§§§§§ SRgsscass &  malspherical pollen grains with germination ability
]
Téx and distorted and wrinkled pollen grains without
g g z &  germination ability (Figure 2H and 3I). The percent-
. " . g age of normal pollen grains was 23.1%, which was
g g g < basically in agreement with the pollen germination
'In J B} E  ability (Table 5).
- TE 7 . g Stigma diameter and papilla cell length of sterile
HEA | E— — : ; :
Tz 5 —| 3 e &— 5 plants were intermediate between their parents,
== = = )
3 = while the papilla cell length of ZD6 (Figure 4H2)
2 g 9 a _;.3 was similar to that of L. indica. There were no ap-
. | . % *éi parent differences in the morphology of both the
1= s ks & £ stigmas and the papilla cells between the parents
9 g °H sgsgsgs°H ssggss8° . . . .
3 § s8¢ SEEESER 255E5=F e é (Figure 4A-D), sterile (Figure 4E—G) and fertile
& g plants (Figure 4H) under SEM.
| < g e N Lo .
o | s = a N Pollen tube elongation in styles of sterile and
o " (r% E fertile progenies. The pollen germination and growth
7 " ’Cj a Y. B of L. speciosa and L. indica Creole were normal
1z g 2 % « (Table 5) and large numbers of pollen tubes were
" R il " 5 £ detected in the styles of ZD6 and began to penetrate
g g g—||8 g é "5 into ovaries 24 h after pollination (Figure 5A—B). The
< = % pollen tube behaviour in the style of ZD3 exhibited
g g g E E the same pattern (Figure 5C-D), compared with ZD6.
d SEscss° Gazissase ﬁ "§ Table 5. Determination of pollen germination ability (mean
- - g9 ¢ SE)
| - a Té
K b g |- % Parents and hybrids Pollen germination rate®* (%)
[
O' . ; ] 1A é Lagerstroemia speciosa 97.41 + 1.2°
S S 8 5 | L.indica Duohuazi 80.87 + 2.3
1 8 C.V‘
i N g | w g L. indica Fenjing 88.03 + 3.2
| |5 il i £ 5 L. indica Zixia 79.55 + 1.0°
Z 2 MIES IERE —Gz) % L. indica Creole 63.72 + 3.44
f i 5‘4 K —— ‘::'3 “§ DDI1 of
o0 o = J 2 J [ 09Q
£ £ ik 2 & DI of
L @
) ) ?
o N 5 | €2 zp3 of
- - - | S =
............................. 1 S — Q: S 7D6 25.90 + 4.5¢
— @
v
o
& |
e —
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Figure 2. Development of pollen grains observed under a light microscope: Lagerstroemia speciosa (A), L. indica Duo-
huazi (B), L. indica Zixia (C), L. indica Creole (D), DD1 (E), FD1 (F), ZD3 (G), ZD6 (H)

Blue arrows and black arrows represent normal and abnormal pollen grains, respectively; scan bars = 1 mm in (A1-H1)
and 500 pm in (A2-H2).

Figure 3. Pollen grains of parents and the progenies under SEM: L. speciosa (A), Lagerstroemia indica Duohuazi (B),
L. indica Fenjing (C), L. indica Zixia (D), L. indica Creole (E), DD1 (F), FD1 (G), ZD3 (H), ZD6 (I)

1 — equatorial view of pollen grain; 2 — polar view of pollen grain; 3 — pollen grain population; blue arrows and black
arrows represent normal and abnormal pollen grains, respectively; scan bars = 15 um in (A1), 10 pm in (A2, B, C, D, E,
F1, F2, G1, G2, H1, H2, 11, I2) and 50 um in (F3, G3, H3, 13)
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Figure 4. Stigma and papilla cells of parents and the progenies under SEM. Lagerstroemia speciosa (A), L. indica Duo-
huazi (B), L. indica Fenjing (C), L. indica Zixia (D), DD1 (E), FD1 (F), ZD3 (G), ZD6 (H)
1 — stigma; 2 — papilla cells; scan bars = 300 pm in (A1), 210 pm in (B1-D1), 240 pm in (E1-H1), 50 pm in (A2, C2, D2)

and 40 pm in (B2, E2-H2)

Figure 5. Pollen tube elongation in pistils of ZD6 and ZD3
Pollen tubes of Creole (A) and Lagerstroemia speciosa (B)
began to penetrate the ovaries (1) of ZD6 24 h after polli-
nation; pollen tubes of Creole (C) and L. speciosa (D) began
to penetrate the ovaries (1) of ZD3 24 h after pollination;
OV - ovary; scan bars = 500 pm in (A-D)

DISCUSSION

The divergent genetic backgrounds between L. in-
dica and L. speciosa may contribute to the sterility
or low fertility of female and male gametophytes
of hybrids. The sterility of F, interspecific hybrids
is frequent and was also reported in interspecific
hybridization of wheat (CLAESSON et al. 1990) and
rice (NAREDO et al. 2003).

Further fertility analyses showed that the sterility
of interspecific hybrids between L. indica and L. spe-
ciosa might be attributed to abnormal pollens. The
defects in pollen structure and development might
hinder pollen germination. ZD6 had 25.9% pollen
fertility, which was in agreement with the propor-
tion of normal pollen grains observed under SEM.

The processes of pollen germination and pollen
tube elongation on the stigmas of sterile and fertile
progenies were similar, which suggested that back-
crosses were not hampered by pre-zygotic barriers
since pollen tubes grew through the style to penetrate
into the ovaries (KULIGOWSKA et al. 2015). However,
all the enlarged ovaries of sterile plants aborted seven
days after pollination, which suggested that the bar-
riers occurred during post-fertilization phases and
embryo rescue might be a way to obtain hybrids. The
aim of interspecific hybridization between L. indica
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and L. speciosa was to gain elite crape myrtle cultivars
with combinations of complementary traits from the
two species. ZD6 obtained in our research will be a
useful material for further breeding program. The
pollen grains of sterile plants had no germination
ability, which suggested that the sterile progenies
cannot be used as pollen donors, whereas they can
be used as female parents by embryo rescue in the
future breeding program. This research lays a foun-
dation for improving crape myrtle ornamental traits.
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