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Abstract: [Objective] The research and utilization of resistant rootstock resources of Citrus in China
started relatively late, and the breeding rootstock is still relatively delayed in comparison with that in
the developed countries. In order to obtain hybrid offspring population of Zhique( Citrus wilsonii Tana-
ka) Raf.) and Trifoliate orange[Poncirus trifoliata (L.) Raf], we conducted this study. Trifoliate orange
is used as a kind of citrus rootstock widely in China. It has good affinity and general resistance. But the
major defect is the insufficiency of iron absorption. Zhique is a kind of local citrus rootstock resource re-
ported in Chenggu county, Shanxi province recently. It has good ability in using iron. In order to fully
combine the beneficial properties, we carried out hybridization combined with embryo rescue technique
to obtain hybrid offspring. [Methods]The species Zhique was planted in Chenggu county, Shanxi prov-

ince. In this experiment, the Zhique’s plants, leaves, flowers, fruits and other materials used for morpho-
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logical description were all collected from a tree which was estimated more than 40 years old. Zhique
was used as female parent and Trifoliate orange was used as male parent. The pollen of Trifoliate or-
ange was collected in HZAU Germplasm Resources Nursery during morning. After the collection, the
pollen was dried in dryer with no light at 27-29 ‘C. We stored the pollen in 1.5 mL centrifuge tubes at
4 °C when they were fully dried. We used acetic acid magenta to test the activity before the pollination
and bagged the flowers after pollination. The hybrid fruits were picked 80-85 days after the pollination.
The fruits were stored in 4 “C refrigerator before the embryo rescue was done. The embryos were inocu-
lated on the shooting medium (MT+KT 0.5 mg-L'+BA 0.5 mg-L'+NAA 0.5 mg- L") under illumina-
tion culture until the bud grew up. The shoots were moved on rooting medium(l/2 MT+IBA 0.1 mg-L"'+
NAA 0.5 mg- L"'+Activated Carbon 0.5 mg- L") until the root grew up. After subculture the plants were
transfered into water for 1 month adaptation. Finally we put the well adapted seedlings into small pots
with nutritive soil, and moved the pots in greenhouse. There were 1 133 progeny seedlings survival in
the end, some of them were identified with morphology of the male parent, but the rest had to be identi-
fied by molecular markers. 8 of the primer pairs of the 10 possible SSR primer pairs were able to be
used for the identification of the true hybrid seedlings. [Results] 61 hybrid offspring were obtained.
Among them 41 of the hybrid plants were identified with the trifoliate morphologic characteristics. An-
other 20 hybrid plants were identified by SSR molecular marker primer pair CSO014R- CSO014F and
CS065R-CS065F.he hybrid rate was 4.1%. [Conclusion] Hybrid offsprings derived from the cross be-
tween Zhique and Trifoliate orange were successfully identified by means of morphology and SSR
marker selection from the seedlings obtained with embryo rescue which created the materials for the fur-
ther study of citrus rootstock breeding.
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A. Plants; B. Flower & leaves; C. Zhique’s fruit; D. Hybrid fruit; E. Artificial pollination.
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Fig. 1 Morphological features of Zhique germplasm
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Table 1 Fruit setting rate in hybridization experiment

Pollination Number of pollinated ~ Number of fruit Fruit setting
date flowers setting rate/%
2016-05-01 240 49 20.4
2017-05-09 230 51 22.1
2018-05-03 170 80 47.1
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A. Seeds from pollination fruits; B. The seeds sowing in MT medium; C. Cultivation of seeds in a light culture chamber; D. Growth after cultured

two days; E. Seeds that fail to survive; F. Growth after cultured 45 days;G. Cultured in root medium; H. Growth after cultured in root medium for 45

days ;1. Hybrid progeny of trifoliolate leaves; J. Transplanting seedling in the soil.

E2 FEERRIE

Fig. 2 Process of embryo rescue
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A. Hybrid progeny of single compound leaves; B. Hybrid progeny of trifoliolate leaves.
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Fig. 3 Two types of hybrid progeny
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A. Leaf morphology of male parent-like; B. Leaf morphology of female parent-like.
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Fig. 4 Leaf morphology type of materials from embryo rescue
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Table 2 The information of 8 pairs of polymorphism SSR primer

Bk E R SRS —3") e %L
Primer code Primer sequence Number of base pairs/bp
CS065-Forward CCTCTCTCCCCAGAACTCCT 20
CS065-Reverse TTGAGTTTTGATTGAAGCTTTG 22
CS068- Forward ACCTTGTCCGGCACTGATAC 20
CS068- Reverse AGATTCCCACAACGTCTCCA 20
CS051- Forward AAGCCAGAAGGCAAGCATTA 20
CS051- Reverse GGTTTGCGGCTGATATTGAT 20
CS014- Forward GAAGAAGATGGCTGCTCACC 20
CS014- Reverse TTCATCATCCTGCCAAGACA 20
CS009- Forward AAAAATGGGAGTGAGCAGGA 20
CS009- Reverse TAATGCAGCCGGAAGAAGT 20
CP4- Forward GCTATCCGCCAAGGTAAAGT 20
CP4- Reverse TTGAGGTCACGGGTTCAAAT 20
CP5- Forward TGATCCCACAAACAAAGGAA 20
CP5- Reverse TTTGAGTCTGGGGAAAAGGA 20
CP15- Forward ATGGAGGTCATCGATTCAGC 20
CP15- Reverse AGTCCAGACACAGCACGGTA 20

(¥ NEOWN
Female Male

JE3E KA bk Embryo rescue plant

A.SSR 5¥ CS065 H &5 R, M1, M2 AARTEBFAM L P MWK E L LR F1L P2 RRERXAM R MW RESER B, 51 WA s
CSO14 43y 45 HL s Je TR TAR He HLASBEARRHE 467

A. The amplification results of SSR primers CS065, M1, M2 representative two independent repeat amplification results in maternal; F1,F2 repre-

sentative two independent repeat amplification results in male parent; B. The amplification results of SSR primers CS014; % means true hybrid con-

taining both parents characteristic bands.
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Fig. 5 Hybrid offspring identification by using SSR markers

£3 HESFEMSSR HFIFCEELER
Table 3 The identification result by the phenotypic trait trifoliate leaves and SSR marker analysis

N ; - e ERME SSRAF TR SSR 43 Thrid R
A R [ Ribe . ey . W r = 208 3 } % o
IEFRFUT JERAR PR UM ot in . Numberofhybrids %72 R U8 P R
. Y £ emb £ Ultimate Number  identified by Number of plant Number of hybrids Total
'escue OF embryo N . of identified alive ~ phenotypic trait by using SSR identified by using SSR  number
time rescue seedlings o1 . . .
trifoliate leaves marker analysis marker analysis of hybrids
2016-07 593 185 40 20 20 4 24
2017-08 1293 528 501 0 501 16 16
2018-07 1260 537 - 21 - - 21
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