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LEH]Y %)X (Cucumis sativus L.) HEFRMEE, MRTELHERNAR, R5F M RA T
BlE. AR AR B R EEERE AR, BT ERERERARET T E, A FRFEN
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4SS TONA A B S ELRER ENESRAETUAY, §ofFEMAtk, ZFAREEIFERLRERES HEELL
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FOMNAFAREERN 1 TR 2 FREER. #—FAAEN 2 T REARRHNIEE Csa006700 KA, KIAZ
EEAAEL T —MREREARES, HUARZAR A ML 1 S RERNDEME (20=14+2). FREN
AR AT B 5 R 2 5K, BB 5 &M B, (£ ] AR O & A F2 & NH 20
T, BRREEREEATL, FOREEERTE O TOLRMRZER, T HREA G0 L A A 56 R A &
4 4 5 T M.

BN KM E; B REEE RAERMRR

Creation and Chromosome FISH Identification of Cucumber
Materials with Different Ploidies

GUAN Wei, ZHANG Yun-xia, YANG Shu-qiong, CHEN Jin-feng, LOU Qun-feng

(College of Horticulture, Nanjing Agricultural University/State Laboratory for Crop Genetics and Germplasm Enhancement,
Nanjing 210095)

2014-02-25; 2014-04-16
[E5 “863” HXRIMH (2012AA100102). [H5 “973” tFRITH (2012CB113900). [H 5K [ARFIFIES (31272174), “+ =17 EZRRHL
AR (2013BAD01B04-10) YLIMEANMPARM B ERIH %4 (CX (11D 1002)

&35, E-mail: 2012804139@njau.edu.cn. 7Kz, E-mail: 201210407 1@njau.edu.cn. & 255K 2 8 0 R4S DTk . A58 200,
E-mail: qflou@njau.edu.cn



3514 e A 47 %

Abstract: [Objective] The narrow genetic basis and limited genetic diversity of germplasm resources were the main
bottlenecks of genetic and breeding researches of cucumber (Cucumis sativus L.). This research aimed to create different euploidy
and aneuploidy cucumber germplasm materials, and to establish a reliable method for identifying chromosomal constitution of the
new materials, which would lay a foundation for the researches of screening chromosome lines, chromosome localization and genetic
breeding. [Method] The germinating seeds of the North China ecotype inbred line ‘Changchunmici’ of C. sativus were treated with
0.4% colchicine solution to induce the chromosome doubling. Autotriploid was obtained through culturing the 35-45 d zygotic
embryo from the cross of the induced autotetraploid and diploid. The chromosomal ploidy or number of the induced plants and
hybrids were investigated using chromosome counting, combined with the morphology, leaf stomata under electron microscope
scanning. Fluorescence in situ hybridization (FISH) was carried out to ascertain the chromosomal constitution of the induced plants
based on the number, intensity and location of specific probe signals. [Result] According to the ploidy identification based on the
mitotic metaphase chromosome number, eight autotetraploidy plants (2n=28) and three aneuploidy plants (2n=16, 19, or 27) were
obtained in this study. Autotriploid plants (2n=21) were produced from the cross of autotetraploid and diploid. FISH signals of Type
I (cucumber centromere probe) and 45S rDNA were multiple changes among diploid, triploid and tetraploid. The result further
indicated the ploidy level. There were differences in morphologic characteristics among different ploidy plants of ‘Changchunmici’.
Compared with diploid, tetraploid had significant differences in morphologic characteristics. The difference among triploid,
aneuploidy and diploid were not significant, but the aneuploid grew weaker and with late flowering period and low fruit setting rate.
Results from leaf stomata under electron microscope scanning showed that there were differences among different ploidy plants.
With the increase of ploidy, the length and width of leaf stomata rose notably, but the stomatal density declined obviously, which
could be used as an aid for identifying the ploidy of cucumber. The tandem repetitive sequence (45S rDNA and Type III) and
chromosome-specific single copy gene Csa006700 were used as FISH probes to identify chromosomal constitution of the aneuploidy
plant with the chromosome number of 16. FISH results from repetitive probes on the mitotic metaphase chromosomes showed that
the extra two chromosomes were chromosomes 1 or 2. Further, the chromosome 2 specific gene probe-Csa006700 showed the
signals on one pair of chromosomes. These results confirmed that this aneuploidy plant was assigned as tetrasome polyploidy with
two extra chromosome 1 of cucumber (2n=14+2). These results confirmed that colchicine could directly not only induce
autopolyploid, but also induce a variety of aneuploid. [Conclusion] It is a rapid method to create cucumber different euploidy and
aneuploidy germplasm materials using colchicine, and the chromosomal constitution could be identified by FISH analysis based on
the chromosome specific probes.
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KEB I — 00, BRI AR e, i
TEH SRR, IS FRA IR AR B AR KIS T 44

BT ISR o

1.2.3 FeAREF R EGAEAT R H A
Z H R DS L BEARIB KOG TR, ISR B T
TR EFE1—2 em $hil&E20, 4 E/G [EEl (&
e - UKIESIR=3 : 1) T- 4°C Nl 24 h, VIBCEITEE
2—3 mm 53/EIX, ] 4%HI£F4E il RS Fl 2% FLR
Wty Y-23 WG, 37°CHRfR 90 min 5, ZK¥E. [EDE,
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Type 1L

PCIARIINAT s (1) Yot AR PE 58T I+
et R BRI A I 70%I1 2% 8 1 FR e RS T
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D1

D2

Al: ASAFI Bl CAEAZINR CL: f¥AMEdE: D1 {5 MMk, A2: DURSAFIT: B2: DUMEAZLHN; C2: DU AMESE: D2: DUfE MR
A1l: Cotyledon of diploid; B1: Leaf of diploid; C1: Male flower of diploid; D1: Plant of diploid. A2: Cotyledon of tetraploid; B2: Leaf of tetraploid; C2: Male

flower of tetraploid; D2: Plant of tetraploid

1

Fig. 1 Comparison of morphology between diploid and tetraploid plants
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A—C: AHEGIGIRMI AT E AL A Type I (4% (1) F1 458 rDNA (Z1.(5) 15 DAPT &2 Q4 e a4k (i (5) & &l s B: Type I (&%) 244815 5 C: 458
tDNA (ZL68) J82815 5 o D—F: =fHARSTOGIRALIAE 45 4L D: Type I (4% €4) Fl 45S rDNA (ZL2) 5 DAPL & 4 Gt dh (B 1) 45 /% Kl; E: Type (%%
) A5 F: 45S iDNA (LL68) 258155 o G—T: PURHADEBIRMI 2428 4508 G: Type T (41(4) il 45S rDNA (£1.(4) 5 DAPT 53 G411 4 (4 f (. (2)
G He Type (%) 28585 %55 1: 45S iDNA (AL 68) AR5

A-C: FISH result of diploid; A: A merged image of the mitotic metaphase chromosome and the FISH signals; B: FISH signals of Type III (green); C: FISH
signals of 45S rDNA (red). D-F: FISH result of triploid; D: A merged image of the mitotic metaphase chromosome and the FISH signals; E: FISH signals of
Type III (green); F: FISH signals of 45S rDNA (red). G-I: FISH result of tetraploid. G: A merged image of the mitotic metaphase chromosome and the FISH
signals; H: FISH signals of Type III (green); I: FISH signals of 45S rDNA (red)

2

Fig. 2 FISH on mitotic metaphase chromosome of cucumber plants with different ploidy cucumbers
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1

Table 1 Comparison of leaf stoma size and number of different ploidy cucumbers

R ARAE T AALAKE SALATERE ALK AL ALERE

Ploidy Length of stomatal Width of stomatal Length of stoma Width of stoma Density of stoma
aperture (um) aperture (pum) (um) (um) (ind./mm?)

& HAKifk Diploid plants 3.240.41 1.2£0.38 14.1+1.52 9.8+2.01 982+80

—fEAKIFK Triploid plants 7.5+0.77 1.8+£0.33 15.8+1.21 10.2+0.89 818+78

PO fis At kR Tetraploid plants 9.1+1.38 1.9£0.76 18.2+2.11 13.0+1.88 570+82

A: AL (3000%) 5 B: AEAASEL (10000 5 Co AL (3000x) 5 D: =f5AA4L (1000x) 5 E: PUfEAASSL (3 000<) 5 F:
PUAEAASAL (1.000%)

A: Stoma shape of diploid plants (3 000x); B: Stoma shape of diploid plants (1 000x); C: Stoma shape of triploid plants (3 000x); D: Stoma shape of triploid
plants (1 000x); E: Stoma shape of tetraploid plants (3 000x); F: Stoma shape of tetraploid plants (1 000x)

3

Fig. 3 Comparison of leaf stoma of different ploidy cucumbers
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2.3.1 BAFWE KEZW EBEEARKSE  2.3.2 WREEMLERET X 80 FRAFEKEAT 27
WAL, WA S L ERARRE AT PR ek T O s, SR ERE 3 M
MR TERRSEDTI, ARRERE AR S AL, H RECE IR AR S, B 2n=16 1) 1 Sk
KA ARG, HACHIHEIR, MEME eI, A 3E65E (Aneu-1, K 4-A) , 2n=19 [f] 2 5L EEA5 1k

- ¥ =
- -
A 2 o e
' % . e
* " - .:.
? ' ’ ».‘
L

5 um A 5 um - B S um C

A: Aneu-1, J(fA%H 2n=16; B: Ancu-2, Z{AfF%(H 2n=19; C: Aneu-3, FEMAHEH 2n=27
A: Aneu-1, Chromosome number 2n=16; B: Aneu-2, Chromosome number 2n=19; C: Aneu-3, Chromosome number 2n=27

4

Fig. 4 Mitotic metaphase chromosome of aneuploidy cucumbers
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(Aneu-2, ¥ 4-B), J 2n=27 1] 3 5 |E (% & (Aneu-3,
K 4-C) .

Xt A% H 2n=16 B Aneu-1 #4774
AR ST T Bio-dUTP ARG Type I £%H A1
Dig-dUTP Fric (1) 45S rDNA #5455 H AT 2253 4 vp i e
RTINS af5 50 Type 11, £0(4
554 45S IDNA, Wi {4} DAPI & YLt 227y 24w 1
Ptk (B5)

MR FISH &5 3, FIHA 22y 2 g 44 |
B9 A8, wmESE RS E Ok, £
ik CKEFEER RGP H 6 NN
45S tDNA 2401545, Hrh 4 54344k 45S tDNA
Hl Type I 224015 5 ¥R o FLAHAS, 1582 5%

{4k 458 rDNA 222815 5 5k, {H Type 11 242815
SELES (B 5) o 4 Aneu-1 2243 24 rh I g (o 4k
FISH %M B AT 00, KA 8 NERM 458
DNA %3155, AR T 8 &dtafh b, HA{
P4 Yt dk I 458 rDNA I Type 1T 2428 15 5 BI85
5, BT HEW 12 15 5 R BRI PR 4% e Al 1 S R
2 SRR, IIINXTE FHK Aneu-1 BN H 44
h W T 4% Gt A, I B AL 7E TR 2 5 Gt A i
B IEE Csa006700 h 4%, HE— PR EXn 15
52 S0tk A4 RN, Csa006700 £
FFANTE —%of e € R i 38 H L, ph abe ] DAHERR: 2 45 %
R Sk B e € R R T B, DR I i B ) 1 4%
(ERUNYSE: Y N ERE LR RN

A: Type I (4R€5) , 45S rDNA (ZL4) il Csa006700 ¥REF (L0€5, FiskTiR) 55 DAPT S G gL tafk (W 5) & &l B: Type I 2%48{5 s C: 45S IDNA
Rl Csa006700 45t (i 3k367R) 28155 D: T Type I (44€4) , 45S rDNA (ZL€4) Fll Csa006700 545t (L060) (96 A A G R (1—7 %

IRRAAG )

A: A merged image of the mitotic metaphase chromosome and the FISH signals; B: FISH signals of Type III; C: FISH signals of 45S rDNA and probe
Csa006700 (the arrows point the site of signal); D: Karyotype based on Type III (green), 45S rDNA (red) and probe Csa006700 (red) FISH (1-7 show

chromosome No.)

5 Aneu-1

Fig. 5 FISH on the mitotic metaphase chromosome of Aneu-1
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PR B . B LUAE AL T Type UL, 1T, TV 1458
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B, ARSI SR 7 Skt T 5%, EHR
17 PG afhd, 4 456 5 R 7 5 44k 1K Type 11
AT TR, 15 3 5Pk Y Type 1T 24448
fF5859, 258 5 534k B Type I 44815 %
RE9; 15, 2 5 4 544k L1 45S IDNA 225815
TR, 357 5Ok 1) 45S rDNA MAEfE S
559, 5 9R6 TPtk LA 45S tDNA 848155 .
ARIGARTE Type 111 F1 45S rDNA (] FISH 4558,
HAREER AR R Aneu-1 BRI 4 Yt fR g 35 1
TEL 2 G YRR T R B DT kW 4 G Ak,
R FH AT A 2 A I 2 5 e e A St T, w7
Aneu-1 A BHINPEEER 1 5 Qe Rk i DU AR R AT
FUITIRAT ) DA RIZE I H BT AR ST o 2 ik
TRIE, ZAEHEISRAFRE T DR 1 e i 1 A5 AH DG
FHEAELE MM

4

I ROKANZE A A B T S b, BT A
[FAE P A TR kL. LAEE 22007451 Type TIT Al 458
tDNA IPRE 5 2250 24P Qe AR IEAT 50 v A%
AR AR B A I —Fh o7 ik, B85 & Yt fihs
FERET BE WIS T A R G AR 21
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