o o2 R 2022,39(10): 1824-1833

Journal of Fruit Science

DOI:10.13925/j.cnki.gsxb.20210479

i I 53EMN 8 (Cucumis africanus)
W25 7 3135 S I R (E
B OB, BLHWFELE R, EIaL&AERT

C B AR K 24 [ 25 5 Bt « VE I8 A% 5 M S G50 B X B 0SS0 %5, B A 2100955 VL7848 AL B 2% Bt 5 2 70T
MR 210014 SVLIRA T ARV RFEIF 7O T IR I8 226111 VLI TE s DRV AL AR 7 B, YL 25 B 3 226012)

5 EABEMIFHESRAHE T E BA 0 REEMNEURCucumis melo L) XA L5 BERE B &R (C. me-
lo ssp. agrestis)FHFEH /N BRAE N BEA, S5 G B A FhAEIN M (C. afiricanus) BEAT 2438 SR Ja AT IR R ROHR A3 F5 AR AR PR 5 )
FH SSRARIC AR ) 2 11 IR 25 4 78 FLOURL A R AR 5 U 52 DU SR A AR ) — S SR s MR DS SR I Bl /N 22 -5 AR I A 4%
ZHASPEIEAT S, A3 1 RR AR, FAE IR 72 2258 0.56% ; SSR RN R 1Y % 5 R WIZ P AE AR O DU s A . U5 1R
PR [T BE W /NI T Y P [ T2 2 i 5 00 L ot o 2 S Y 38, L SR SIE LU SZ A BEAC TR S 7 HLFG | 58 PR 5 FF 232 b
TR 2F 2 IR A 2 R B LR YRR S BN 3 2 4 22 AT LA S5O0 R A0 3 Rz TIOR3 4, HL AT LIS
T b S HERAT

SEERIR) B I s TBAZHD s AP s n] Y M [ T4

FE 5SS :S652 XRKFRRRAD : A X EHRS:1009-9980(2022)10-1824-10

Induction of doubled haploids in melon using a distant cross between mel-
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Abstract: [Objective] China is the secondary origin of melon with abundant germplasm. Oriental mel-
on (Cucumis melo ssp. agrestis) is favored by growers and consumers because of its special fruit flavor,
wide applicability and higher yield. It is particularly vital to create various excellent oriental melon vari-
eties both for the growers and consumers. However, traditional breeding methods are time and labor
consuming, and have gradually failed to meet the needs of modern production of melon. Breeding effi-
ciency can be greatly improved by using haploid to produce pure breeding line. In melon crops, hap-
loids are obtained by means of radiation pollination induction techniques, in vitro unpollinated ovary/
ovule culture, and in vitro anther culture. Among those radiation pollination induction technique is wide-
ly adopted in breeding practice, although it is stringent in experiment condition and relatively low in
haploid embryo (seedling) production ability. Subsequently, haploids are subjected to chromosome dou-
bling by anti-mitotic agent such as colchicine to obtain doubled haploids (DH), which are usually ac-
companied by low efficiency. In present study, we used the pollen grains of wild species (C. afiricanus)
to pollinate the oriental melon cultivar Chaotianxiaomaisu to induce regenerated DH melon directly

with excellent traits. The characteristics of this DH were also systematically described herein. [Meth-
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ods] The oriental melon Chaotianxiaomaisu was selected as the female parent and crossed with the wild
species C. africanus. 25 mg- L' forchlorfenuron solution was sprayed at the base of the ovary immedi-
ately after pollination, and 10 mg - L' thidiazuron (TDZ) solution to the ovary 3—4 h after pollination.
The fruits were harvested 4 weeks after pollination, and the relatively plump seeds were then plated in
MS solid medium for embryo rescue. The ploidy of the regenerated seedling was determined using cell
flow cytometry. And the 3 polymorphic SSR markers (DE1259, CMBR021 and CMBRO026) and the bo-
tanical characters (stem length, stem width, leaf length, leaf width, male flower length, cotyledon
length, cotyledon width) were comprehensively evaluated to identify its DH feature. Some fruit traits of
DHs were also compared with those of the control. [Results] A total of 179 seeds were obtained from
the cross between melon and C. africanus, and were immediately inoculated to MS medium for embryo
culture in this study. After 15 days, the green seeds were picked and continued to inoculate on the solid
MS medium. A single seedling was obtained, and the yield rate of regenerated embryos was 0.56%. The
regenerated plant was detected to be diploid by cell flow cytometry. Gene loci, which were revealed to
be polymorphic between parents by 3 pairs of SSR markers, were checked to be homozygous in the DH
progenies. Subsequently, the 7 botanical characters, such as stem length, stem width, leaf length, leaf
width, male flower length, cotyledon length, and cotyledon width were detected to be various insignifi-
cant among the 17 DH individuals. The data of the 7 botanical characters were found to be as normal
distribution as well. Some important physiological indicators, including the soluble solids, ascorbic ac-
id, and soluble sugar of the DH, and the control were compared in detail, among them the soluble solid
of the DH, was higher than that of the control. It means that some quantitative genes related to the sugar
content become homozygous rapidly during the DH formation. And the seed setting- and germination-
rate of the DH were as normal as those of the control, which will bring great convenience both to the
theoretical study and breeding practice of the doubled haploid. In addition, the appearance of the fruit
(volume, pulp and peel color) changed greatly (from green to white) compared with that of the control,
which will provide more selection opportunity in breeding practice. In a word, the DH technique of dis-
tant hybridization combined with embryo rescue used herein has many comparison advantages over ra-
diation pollination induction technique, such as avoiding the process of haploid doubling, and escaping
the adverse effects of anti-mitotic agents (i.e deformity or mixploidy after doubling, low doubling effi-
ciency, and colchicine toxic effects on plants). [Conclusion] The excellent oriental melon DH was di-
rectly obtained by distant hybridization combined with embryo culture. And the fruits of the DH were
sweeter than those of its original parents, and it could be preserved by seed propagation directly.

Key words: Melon; Distant pollination; Doubled haploid; Soluble solids
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Table 1 The names and corresponding sequences of primers with polymorphic markers

EIE/E2S IEF514(57—37) K557 —37)

Primer name Forward primer(5’—3") Reverse primer(5’—3")

DEI1259 CCAATAATATTTGGCCACC TCACGTTGAATTTGGAATAAC
CMBRO021 AGATTCTGGTTGTTGGGCAG CAGCGATGATCAACAGAAACA
CMBRO026 CCAAAAGAAAAACCAAACGA ATCACAAGCCTTTGCACTCA

1.5 BHEEKERBMEBERZ—K BTN
X DH70-1 AT HAZE M, A —Rid N
DH,70-1, 5§ DH,70-1 H A2 B . 6 3 25 (L 32 1
JeMEAE , B FR 3 N, 35 dJE SRR . DA RR Bl N
Pk A5k B, TG RF R, DR 7 1 i R 2 R
FERAEAR R SRR P 5 i KB S 251
) TR 58D AT I . $d SR SPSS # 4k

17 LSD K5 -

GEFF 2 (%)= (I Foh 7/ P T 40 % 1005

RGEZ(Y%o)=CREFF T AT 50100,

I 5 DH,70- 1 A5 AR 19 FiH K 58 i K58 L 22
FH T BE A 5 o 7R — I — O R — Fr E 5
A JE D B & A B 5 AR 78,910 T AL
K B RN 250 5 181920 A2 (1 i A K 58 5 B HR B
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A. Embryos that turned green; B. Embryos that turned green began to germinate to form roots and true leave; C. Regenerated seedlings before ac-

climation; D. Regenerated seedlings after acclimation.
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Fig. 1 Regenerated seedlings development
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A. The flow cytometry diagram of the DH70-1 regenerated seedlings; B. The flow cytometry diagram of the Chaotianxiaomaisu.
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Fig. 2 Ploidy identification of melon regenerated plants
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Fig.3 SSR electrophoresis pattern
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Table 2 Seed characteristics and germination rates of DH70-1, DH,70-1 and Chaotianxiaomaisu

Fe R Y T K iy 95 Ty 4 (R EEp RS REFER

Genotype Seed growth/mm  Seed width/mm ~ Number of seeds  Number of full seeds ~ Seed setting rate/%  Germination rate/%
DH70-1 6.20 Bb 3.22 Aa 613 Aa 268 Aa 46 Ab 85 Aa

DH,70-1 6.24 Bb 3.17 Aa 537 Aa 520 Aa 97 Aa 94 Aa

HRAZEE ) 3.26 Aa 506 Aa 479 Aa 95 Aa 73 Aa
Chaotianxiaomaisu

T AFKRG FREIRE p<0.01 KV EZFWEF; ARG FRFRIRAE p<0.05 KV EEREE. TR,

Note: Different uppercase letters indicate that the difference is extremely significant at p<<0.01; different lowercase letters indicate that the differ-

ence is significant at p<<0.05. The same below.
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A, BRI NAZIE S, TP DH70-1, A3 98 RN ERR B, b5 A RN ZBRRD T, R 7508 DH iR C. _EJ7 8 DH,70-1 HEfE, T

TN A BREAE o

A. Left is Chaotianxiaomaisu S,, middle is DH,70-1, right is Chaotianxiaomaisu; B. Top is Chaotianxiaomaisu’ seed, bottom is DH s seed;

C. Above is the male flower of DH,70-1, and the below is the male flower of Chaotianxiaomaisu.

El4 BEEREDFER

Fig. 4 Botanical traits of regenerated plants
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Table 3 Comparison of some botanical traits between DH70-1, DH,70-1 and Chaotoanxiaomaisu

s UK U sHREE mHRE M WK MK e
(Jf: ot Cotyledon Cotyledon Leaf Leaf Stem Internode Petal Petal
cnotype length/mm width/mm length/cm width/cm thickness/mm  length/cm length/cm width/cm
DH70-1 15.05 Bb 10.96 Ab 12.27 Ab 15.77 Bb 5.90 Ab 6.05 Bb 2.28 Aa 1.90 Aa
DH,70-1 15.20 Bb 11.09 Ab 12.81 Aab 1591 Bb 6.00 Aab 5.98 Bb 2.30 Aa 1.93 Aa
R /N 1R 22.58 Aa 13.01 Aa 13.63 Aa 17.73 Aa 6.60 Aa 7.90 Aa 1.95 Bb 1.68 Bb

Chaotianxiaomaisu

[T , JCHRTHIVA 7347, - H SR R S R (A A
A, X SR NZIR S R SLE AL (E 4-B).
mFES pron, —HMAEERESEERFA R
% ; DH,70-1 FIHLER PR & & = T HE /N 22 Bk S, H.
7 IS BB KT, 5N IR AR L 22 AN 3
SR DH,70-1 AT PR TP 3 208 11.03%, i T 5
Wi 22 5B B R 3 K
24 BR—RMER—BE

BEHLIE#E DH,70-1 Bk RN 16 Bk, — i — Lol &
T T, A I & K T 2K 2O TR
V0 PR P BN 1) AT o3 A T B R o
BIFFAIES DA (E S o KBS MR B AT BN &
T ZNNT (R 6) o BRI 587 (1 FAE 45 3
7 1.99.1.56, 3/ T Fois imon=2.65 , K AN [ #R 1) 7
M K/NERANEZE. B, K F233<
Fas.300=2.65 1 Fi 58 F=1.84<<F(5,5200=2.65. 25 K
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Table 4 Comparison of fruit traits between DH,70-1, Chaotianxiaomaisu S4 and Chaotianxiaomaisu

" R B Pz Bz ESIZCE Vi)
Genotvpe Single fruit Longitudinal Transverse Fruit shape index

P weight/g diameter/mm diameter/mm (vertical/horizontal )
DH,70-1 221.97 Cc 7.30 Bb 7.20 Bb 0.95 Ab
JEIT /N B S, Chaotianxiaomaisu S, 254.94 Bb 7.37 Bb 7.50 Bb 1.10 Aa
B /N FE TR Chaotianxiaomaisu 422.80 Aa 9.73 Aa 9.00 Aa 1.03 Aab

&5 DH.,70-1. 83/ \EFEk. B/ EBE S,
R IBIEAREEER
Table 5 Comparison of fruit physiological indicators of

DH,70-1, Chaotianxiaomaisu and Chaotianxiaomaisu S,

N N CAT i
Vo3 P A N 2y w
) w(ATEPERD w(fnﬂ.ml&) )
Soluble sugar  Ascorbic acid .
Genotype .~ Soluble solid
content/% content/(mg-g™")
content/%
DH,70-1 40 Aa 0.16 Aa 11.03 Aa
/NI S, 35 Aa 0.13 Ab 7.83 Bb
Chaotianxiaomaisu S,
R /NS IR 39 Aa 0.16 Aa 8.20 Bb

Chaotianxiaomaisu

F=0.55<F s, s 00=2.44 ZZ fll F=1.31<<F 015, 49 00=
2.44 HETE HE F=2.53 <Fs,300=2.65, 2 W iZ ¥k &2 N
ANTRIRR B K B ZERE T (R)BE AE I 5 22 R
B3, & FRT, BRI XK RN SR IE R4l 5,
TR ZE A DH,70-1 F XA

3 % W

WEZAEKD A SRR K B IRAF B AR 1) TTVRAE
ARAFHEY) OB A, HOE&NH T & . @
GARAAR IR K B Z P L REE KA A4, 2 KN
TEGHR 5 T I % & T A% R i BE AN R E 5 AT HY
LG AR BRI R LE P RHED 1, 1954 4
Hayase"' PA 5% JK ( Cucurbita maxima L.) NEEA, 5 JK
(C. moschata L) N XA IR IRAT | BATIRMENL: 5
BN B SOE A F 2 AT E SR E R T
TDZ ¥z, e it 1 IR & & AR 40 B G (4 0 4%
M ELFEIRAT T ARG . 7E 5 TN B R b 55 72 1)
W I, FEA A TDZ 3577 2% 3RS B AR 1
FAEMER A T AR, K15 T DH A AR PO A5 441,
K TDZ BA T H A G AR AT 18R
I, ZEF N NTE AR S TDZ B2 P fE 2 R
FEAR B RIS N AR R R . 78 7 T S PR Al
JICERL A 1) S 2 A4 0 45 PRI AE 9 o I KT 3R [
A AT S A B R A AR IR R, IR 5 AN 5T

#*6 MRAHE DH/70-1 £t MERMFES
Table 6 Analysis of variance of 7 traits of strain DH,70-1

. ZE IR . .
AR ERR porm g Wy P,
Trait " SS DF MS  Fvalue ="
variation
FHARE 2w 556 15 037 199 265
Cotyledon Intergroup
length/em 4 5y 594 32 0.19
In Group
S 3t Total 11.50
Tt ¢ [8] 442 15 029 156 265
Cotyledon Intergroup
widthimm 45 g 6.04 32 0.19
In Group
MitTotal 1045
RIS EN | 17.39 15 116 233 265
Blade Intergroup
length/lem 4 py 1589 32 0.50
In Group
it Total  33.28
M58 2 1] 22,63 15 151 1.84 265
Leaf Intergroup
width/cm 41 2620 32 082
In Group
it Total — 48.83
EXSES el 18.51 15 123 055 244
Stem Intergroup
length/em 4y py 106.88 48 223
In Group
Bt Total  125.40
ZOHE 1] 404 15 027 131 244
Stem Intergroup
thickness/mm S 088 48 021
In Group
it Total — 13.92
TR B8 2 ] 30.74 15 205 253 265
Male Intergroup
flower 41p 2591 32 081
width/mm In Group
Bt Total  56.65

TDZ [ RCR AN A7 RIS b s et bR &
BRI R AR 1 BARBLHE A FHRABT T .

FE TN I T R D, S AR B R 22 BKORA
FAC B A 2 M BLECRBAR  H BUR R RS |
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Fig. 5 Frequency distribution of each trait in DH,70-1
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