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Characteristic and fine-mapping of albino cotyledons (al) mutant
in cucumber (Cucumis sativus L.)

NIU Yugian, LI Zheng

(College of Horticulture s Northwest A& F University ,Yangling , Shaanzi 712100, China)

Abstract: [Objective] Physiological and genetic analysis as well as fineemapping of a cucumber albino
cotyledons (al) mutant were conducted to provide reference for elucidating important metabolic or regula-
tory mechanisms affecting chloroplast development. [Method] Two cucumber materials Gyl4 and 9930
with different backgrounds were used as parents to develop two F, populations with heterozygous material
649 carrying a/ mutant gene, respectively. Photosynthetic pigment content and chloroplast structure of
wild-type and a/ mutants in the F, population were analyzed, and polymorphic molecular markers were
screened for mapping. [Result] Phenotypic observation of the al mutant showed that cotyledons were pale
yellow and then gradually changed to albino before slowly withering and dying. The albino mutation was
identified as a fatal mutation. Content of photosynthetic pigment of mutant was significantly lower than
that of wild type,and contents of chlorophyll a and chlorophyll b decreased by more than 90% on average.
The chloroplast structure in mesophyll cells was observed by transmission electron microscopy. Compared
with wild type, chloroplast was hardly observed in cotyledon cells. Genetic analysis of the a/ mutant re-

vealed that albino trait was a quality trait controlled by a pair of recessive nuclear genes. After BSA, ge-

[k HHI]  2020-05-10

[(RE&mH] ERARBFEILLSTHE(31672150,31872111)

HEHRAT 4 FAFQ995—) 20 BT KRR M+, F 8N FHNE M5 . E-mail:316025894@qq. com
LEFESE] 2 FA982—), B X TR A #5840, ZFENFEH)NF RIS . E-mail:lizheng82@nwsual. edu. cn



553

T EAE BN AR BRI T 5 R ol B8 A 5E fir 89

nome re-sequence,and chromosome walking,the al gene was finally located in a 66 kb interval in cucumber

chromosome 7. [Conclusion) The formation of this cucumber albino mutation was closely related to forma-

tion of chloroplast,resulting in a single gene mutation located in chromosome 7.

Key words: cucumber breeding;albino mutation;photosynthetic pigment;chloroplast;fine mapping
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Table 1

Cucumber gene mapping related primers used in this study

FHEBI S5 >3

Forward primer sequence

514 % Bk

Primer name

T g FH G >3

Reverse primer sequence

SSR7016 GGTCTTCCTTTTCAAATCATTG
SSR7020 TCTCCGGCAGAAAGAAAAGA
SSR7026 CGAGTGTGGACATTTTAGAGGG
SSR7027 CGGCGCCACTCAGTTAGAT
UW048441 GAGAGGACAGGCAAGTTGTTG
UW048446 TGATTTCCCTCTCAAACGCT
UW048449 AAAATCGGTGGTTTGGAGAA
UW048465 CGAAGCAGAGTACGGTGACA
UW048542 AATTTTGATTGCTATGGCGG
UW048595 ACGTGGAATTTAGCTGACGC
SNP4730918 TGTATGAAGGCAAAGGAGCA
SNP4733568 ATACTTGAACGGACATAGGG

InDel5235596
InDel5029382
InDel5155588
InDel5177313
InDel5044706
InDel5118521

ATTGTGACACCAAGGGATT
CCAGTACAATCAAACTTATAGCAT
GAGACGAGTATTTAATTCCTTCA
TTCAAAGAAATCATCGAATGTT
AAGAGTTTAGTTATGGAGGGTT

AAGGAGTGAATGAGCTGATCATAAA

AAAAATTCCTAAGACGACGATCA
TGCGTCTCCTTCTTCCTCAT
TTGACTTTCCTCATTCTTTTAATGC
AAAACCATTAAATTGGAATGATAAA
CCGTCCTATGTTTGTTCCATC
GGAAGGCAATGGAAATGAGA
TCTTATTCAAATGTGGTTTCGG
TGGATTTTTCTGGGTTTTCG
GGCTTGGGAGTGTGTTTGTT
GAGCCAAAAATGGAGGATGA
CACTGTGCCGAGGTATTAGG
AAATGGGTGATTCGTTGC
ATTTTAAATGGATAGTAAATGATAT
TTATGTCTTTCTTGGTGCTT
AATAACCCAAATACACCAATACCA
CCAACCCCATAACTTGAAATAAC
CCAACCCCATAACTTGAAATAAC
GTCGTTCACGTAGACTTTCG
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the al/ mutant wilted and died. WT. Wild-type plants; M. a/ mutant
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Fig. 1 Observation of phenotypes of cucumber a/ mutant and wild type
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Fig. 2 Changes in photosynthetic pigment content in cotyledon of cucumber a/ mutant in 9930 X649 F,

populations at different seedling ages
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Fig.3 Changes in photosynthetic pigment content in cotyledon of cucumber a/ mutant in Gyl4X 649 F,

populations at different seedling ages
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A, B. Wild-type cotyledon;C,D. al mutant cotyledon; E,F. Wild-type true leaf; G, H. a/ mutant true leaf.

Arrows indicate chloroplasts or chloroplast thylakoids
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Fig. 4 Morphology of cucumber wild-type and a/ mutant cotyledons and true leaves

2.4 BERBLARBENEEITERBEEMN
XTI Gyl X 649 F1 9930 X 649 B4~ 24 58 4H
G FoF BRI RADEE Z L, F, SRR ALY
EH ., FIFH Gyld X 649.,9930 X 649 F, BEMAK H#0 1
g3 B R AV IEAT AL T, KL Gy14X649.,9930 X

649 F, B v BF A 0 55 5 A8 RUAE R A EL AR 20 500 A
76+ 25 Fl1 69 2 21, 4" MEZER P>>0.05(5K 2),. K
B 23 B REARAT &l PR AL e 3 0 1 L IR
AR AN PR A e 20 R ol B DAL T Y BRUPE R AR L PRt T
T BEAAXT al B IR FEAT RE (o F 7 FE

®2 BNl REMEFE MEF, BENEESH

Table 2 Genetic analysis of cucumber al/ mutants in F, and F, populations

B A e A B B A 0 5 G AR T B RR B LU (A EIEENC 2 P1{H
Population Total plants Ratio of wild type to mutant type plants Expected ratio x Probability value
Fi1(Gyl4X649) 61 61:0 1:0 — —
F1(9930X649) 60 60 : 0 1:0 — -
F, (Gyl14X649) 101 76 25 31 1.42 0.23
F;(9930X649) 90 69 : 21 3:1 0.55 0.46

FIH DR JF A 1 7 458 NG @k B ) SSR
TRt sl Gyld X 649.9930 X 649 [ F, 4> & B

A3 313 5 g At BB A4 2R DRl CALL ) M1 5 28 Y
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A. Using primary populations,al/ gene was mapped between marker SSR7020 and SSR7026 ; B. Using enlarged populations,
al gene was mapped between marker UW048449 and UW048542,and co-segregated with UW048450 and UW048465;

C. After developing markers,al gene was finally mapped between marker SNP5044706 and SNP4730918
5 BNEALRE AR al i98E 4 E A7

Fig.5 Fine mapping of cucumber al gene
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