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Production of sexual hybrids with male sterile somatic cybrid pummelo

‘Huayou No.2’ as female parent

XIA Qiangming, PENG Jun, XIE Kaidong, WU Xiaomeng, XU Qiang, GUO Wenwu’

(Key Laboratory of Horticultural Plant Biology of Ministry of Education/College of Horticulture & Forestry Sciences, Huazhong Agricul-
tural University , Wuhan 430070, Hubei, China)

Abstract:[Objective]Cytoplasmic male sterility (CMS) is common in higher plants and has significant
advantages in production and basic research. Satsuma mandarin is a typical CMS type in citrus and has
been contributed to the production of many excellent seedless varieties, such as ‘ Shiranuhi” ‘Harumi’
‘Setoka’ and ‘Harehime’. Seedless breeding strategy by transferring the male sterile cytoplasm of Sat-
suma mandarin to seedy citrus cultivars via protoplast fusion was put forward and the produced somatic
cybrid cultivar ‘Huayou No.2” pummelo is a male sterile typle with nuclear and chloroplast genomes
from leaf parent ‘Hirado Buntan’ pummelo and mitochondrial genome from callus parent Satsuma man-
darin ‘Guoqing No.1’. In order to breed seedless hybrid pummelo at the diploid level by transferring
the sterile cytoplasm from ‘Huayou No.2’ pummelo, it was served as female parent to hybrid with
seedy pummelo or grapefruit cultivars. In addition, most citrus genotypes have the capacity to produce
clonal offspring via seed (apomixis), which is important for rootstock breeding. It was reported that
CitRWP might be responsible for citrus polyembryony using genetic, genomic and transcriptomic ap-
proaches and a miniature inverted-repeat transposable element (MITE) insertion in the promoter region
of CitRWP was co-segregated with polyembryony. The segregation ratios of both the phenotype and
genotype in a segregating F; population were consistent with the single dominant gene model for the

emergence of apomixes in mandarin. ‘Huayou No.2” pummelo is monoembryonic, ‘Cocktail” grape-
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fruit is polyembryonic and the embryony of their progenies may be segregated. The MITE marker can
allow for inspection of the segregation ratio and early detection of polyembryonic individuals. [Meth-
ods] Two sexual cross combinations were carried out with ‘Shatianyou’ pummelo and ‘Cocktail’
grapefruit as the male parents respectively. The mature fruits were collected; the seeds were extracted
from the fruits and sown in the greenhouse. After the seedlings grew to ten-leaves old, the leaves were
picked for extracting genomic DNA. The reported molecular markers were applied in identifying genet-
ic origins and embryony.[Results]1 018 and 687 seedlings were regenerated from the combinations of
‘Huayou No.2” pummelo crossed with ‘Shatianyou’ pummelo and ‘ Cocktail’ grapefruit respectively;
the genetic origins of those seedlings were identified by three pairs of polymorphic SSR markers and
the results showed that they were all of hybrid origin. The reported MITE marker was used to verify the
embryony of the progenies, showing that the randomly detected 47 samples of ‘Huayou No.2” x ‘Sha-
tianyou’ pummelo were all monoembryonic while the ratio of monoembryonic and polyembryonic
ones in the 687 ‘Huayou No.2’ x ‘Cocktail’ grapefruit’ sexual progenies was 2.86:1.[Conclusion] The
sexual progenies regenerated from the cross combinations with somatic cybrid ‘Huayou No.2” pumme-
lo as female parent are theoretically able to inherit the maternal sterile cytoplasm, and have the potential
for producing seedless fruit, laying the material foundation for citrus seedless improvement at the dip-
loid level. It also provides experimental material for the fundamental research of cytoplasmic male ste-
rility, especially for the mapping and cloning of fertility restorer gene in citrus.

Key words: Citrus; Cytoplasmic male sterility; Seedless breeding; Polyembryony; Genetic identification
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Table 1 Sequences of the primers

51K ERE% 5 —3 RI34 3 —5 el
Primer code Primer 5’ —3’ Primer 3’ —5’ Source
Ma2-1580 AAATGGACACTGCAGGCTTT GCTGAGCAAAATGAAGCAAT [12]
Ma3-183 ATCATTTCAACAAGGGACGG TCGCCAATCAAACAACAAAA [12]
Mest488 CACGCTCTTGACTTTCTCCC CTTTGCGTGTTTGTGCTGTT [13]
mite_p GTACCGAATTACCMCCCATAA GTAGGATTTGGGTTATTGATG [7]
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A. Seeds were extracted from one fruit; B. One month after sowing; C.Two months after sowing; D. One month after transplanting; E. Half a year

after transplanting; F. One year after grafting.

Bl Cfedd 2 SO PHEM AR IERMEKIEE

Fig. 1 Growth of ‘Huayou No.2’ x ‘Shatianyou’ pummelo progenies by seed sowing

VR 2% 510 B A 2 8 Ja ARG AT 70 T4 € . /W] A9 SSR 514 Mest488, % 51 W4 i 1 2% 8 e X
FERX 2L T AT A R F RIS A AN AT T8E, SRR IZ68TRE RS H R
S ok N SCREAR A VSR AR 2-A) s A 2 57 R A R R S 2R, D SRl 2 S R RS R R
YO RC AN A IR IE AT L SRR AR AR RS EARE 2-B) .

B 172’3’ 67’
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A. Marker Ma2-1580; 1. Huayou No.2; 2. Shatian pummelo; 3-67. Randomly detected seedlings. B. Marker Mest488; 1’. Huayou No.2; 2”. Cock-
tail grapefruit; 3’-67 . Randomly detected seedlings.

2 2N EMRRZERERE S FIRCY EEE
Fig. 2 SSR profiles of hybrids randomly selected from the two cross combinations
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M. 1 kb DNA ladder.

1. Huayou No.2; 2. Shatian pummelo; 3-49. Randomly detected seedlings from Huayou No.2 xShatian pummelo; 50. Huayou No.2; 51. Cocktail

grapefruit; 52-120. Randomly detected seedlings from Huayou No.2 xCocktail grapefruit. M. 1 kb DNA ladder.

B3 MITE #RiE7E 2 M EMRRZER P IEEE
Fig. 3 PCR profiles of hybrids randomly selected from the two cross combinations with the MITE marker
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