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Molecular Mechanisms of Albino Leaves in Brassica napus

YE Shen-hua, MA Xiao-wei, YANG Jie, LI Jia-xin,ZHAO Lun, YI Bin, MA Chao-zhi, TU Jin-xing,
SHEN lJin-xiong, FU Ting-dong, WEN Jing
(College of Plant Science and Technology of Huazhong Agricultural University, National Research Center of Rapeseed
Engineering and Technology, Wuhan 430070)

Abstract: Leaf-color mutants are crucial germplasms for deciphering the mechanisms of pigment
metabolism and chloroplast development. In this study, to uncover the mechanisms of temperature-sensitive
albino phenotype in Brassica napus, the physiological assessment and transcriptome analysis were performed in
two resynthesized B. napus inbred lines, the white-leaf line W7105 and its green-leaf sibling line G7097. Under
low temperature in field conditions, in albino leaves of W7105, the chlorophyll and carotenoid content were
dramatically decreased and chloroplast structure was abnormal. Compared with green leaves, albino leaves
showed significantly lower net photosynthetic rate (Pn) and significantly higher intercellular CO, concentration
(Ci). Transcriptome analysis of leaves at three different developing stages was performed in G7097 and W7105
lines. After pairwise comparisons, a total of 1532 differentially expressed genes (DEGs) associated with leaf
color phenotype were identified, including 540 and 992 genes that were up-regulated and down-regulated,
respectively. GO and KEGG enrichment analysis showed that the up-regulated DEGs in albino leaves of W7105
were significantly enriched in proteasome, translation process, carbohydrate and energy metabolism pathways;
while the down-regulated DEGs were significantly enriched in chloroplasts, photosynthesis and electron

transport chain. Moreover, several DEGs in chlorophyll and carotenoid biosynthesis were significantly down-
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regulated in albino leaves, suggesting that chlorophyll and carotenoid metabolisms were also impaired.

Collectively, these findings provide references for further delimiting the candidate genes and uncovering the

molecular mechanisms of albino leaves in B. napus.

Key words: albinism; B. napus; leaf color; chloroplast development ; transcriptome
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Table 1 Sequence-specific primers used for qRT-PCR

GIL/EA SR Re A EmG1#(5-3") Je1a 54 (5'-3")

Primer name Gene description Forward primer (5'-3") Reverse primer (5'-3')
BnaC01g33900D WshEEE 2 GCAAGTGATCACCATCGGTGCT AGTGGTTCCACCACTGAGCACG
Bnad01g14420D BE-JFTNIRRIX FH L6 72 il TAGACGTGCTCATACATTACCC ~ CTACATTGGAACTGCTTCGATG
BnaA01g19280D R 5 il TTGTAGCATCGTCTAGCCTAAG AAGACATTCAAACAGAAACGGG
BnaC08g05120D 4% 2 a N4 GAAACTGTACGAAGATGCCATC TTTGCAAAAGTAGACGTGTGAG
BnaA10g08760D 4t 2 a fin 4l AACCATGGGTCATCTTTAGAGG ~ GCATCTTCGTACACTTTCCATC
BnaC04g40260D JiEV5 R 8'-F AL GTGACTCCAATTTGAGCCAAAG CAAAAGAAAAGGGGCCAAATTG
BnaC03g08260D  15-z /AT MLl R/ /\NEFTML Z A GTTGGTGAAGATGCAAGAAGAG TCTTAAGCTGCAGTCTCATGAA
BnaA07g00410D GOLDEN2-LIKE1 % 5 [H 1 CCGTCACATCACATGGTATACA TCTTTTGACGGATGTAAGTCCA
BnaC02g42890D SRS L HO I3 CAAACGCTCTTGACTTTCTGAA CCAAACCCACTTTCTGGTTTAG
BnaCnng46590D ARG TR SR AR 1 2 GACTGTCTCCGACAATAAGGAT TACCTTGTCTTGACCCTCAATC
BnaCnng26710D NS AGTTCACAATAGCGAAAGGAGA CAGTAGAAGCTGTAAGTCCCAG
BnaA09g13970D BREAALIE I AR CGGCTTATCCTACTTCTGATGT ~ GCAGCATGTTAATGGAGCTTTT
BnaCnng11890D HRESR TR AAAGTTGTGTCTGGTTCTGTTG CAAGTGAGAACAAACCCTTCAG
BnaA01g23160D BRESLR R TCCTCTCAAGCACACAAAAATG AACTTGACCTTGTATGTAGCCA
BnaA04g19020D B AR I N2 CAAAAGCGTGCTCTATACTGAC CTCGTCATCTGCTCAATCAAAG
BnaA06g37370D 26S 2K [ AT A N0 AAGGCTCAAAAAGAACAGTGTC GGCTACCATCGTTGTTATTGAC
BnaC04g43310D 26S 7 1B I 5 3109 N2 GCTGCCTTCTCCTGATTATTTG  GAACTGTTTCTACAATGCGTGT
BnaA08g13550D 268 2 ARG T T2 ATCAAGGACTATCTGCTGATGG CGAAACAATCGCATGATTCTCA
BnaA01g32030D AL BRI 11 48 GATGAGATTGACTCCATTGCAC CAAACCTTCTCAAAGCTGGATC

A~C: G7097 ZETH I (A TFH)) (R 10 (B I3 ) Al 48300 (C 300 6% FH TR) 26 80, LU R R 2 em; D~F: W71057E A B Fl C 3 /M1 H ] e A4,

HBIRH 2 em; G~1: WT1057E A BAIC 3 ARSI A Hi A 1.5 em
A-C: Phenotype of G7097 at the seedling (stage A), bud (stage B) and early flowering stages (stage C), bar=2 cm; D-F: Phenotype of W7105 at
stage A, B and C, bar=2 cm; G-I: One leaf of W7105 at stage A, B and C, bar=1.5 cm
E1 ANI&RHERHESEMKR G7097 B MR R W7105 RE & B R HA A B R EY
Fig.1 Phenotype of resynthesized B. napus green-leaf line G7097 and white-leaf line W7105 at different developmental stages in the field
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A, B: Chloroplast ultrastructure in the green leaves of G7097. C, D: Chloroplast ultrastructure in the green parts of W7105 leaves. E, F:
Chloroplast ultrastructure in the white parts of W7105 leaves. CH: Chloroplasts; CW: Cell wall; ST: Stroma thylakoids; GT: Grana thylakoids;

SG: Starch grains; P: Plastoglobulus; A, C, E: Scale bars represent 5 um; B, D, F: Scale bars represent | pm

3 G7097 FAWT105 It 5 it GRAK B RUE IV 22
Fig.3 Chloroplast ultrastructure of leaves from G7097 and W7105
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Fig.4 Validation of DEGs by qRT-PCR
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Fig.5 Distribution of differentially expressed genes (DEGs) based on leaf-color changes of two B. napus inbred lines at three stages

A Proteasome assembly | [ ] B Photosynthesis, light reaction - ®
Nucleotide biosynthetic process: . Photosynthesis - .
Glycolytic process! L ] Electron transport chain - [ ]
Pyruvate biosynthetic process @ Iron-sulfur cluster assembly - [ ]
Phenvlpropanoid metabolic process @ = Metallo-sulfur cluster assembly - L ] =
) . ncRNA processing [ ] & Jasmonic acid mediated signaling pathway - [ ] 2
Negative regulation of anthocyanin "'sr%bcc",_l; L] Response to high light intensity - ®
Amino acid activation L ] Negative regulation of photosynthesis - [ ]
tRNA aminoacylation] L ] Response to far red light - [ ]
Glucose metabolic process ® GeneRatio Chlorophyll biosynthetic process 1 [ ] GieneRatio
Proteasome complex [ ] ® 002 Plastoglobule ® ® 001
Peptidase complex: [ ] ® 0 Chloroplast inner membrane - L ] @002
Nuclear envelope/| [ ] [ TN Early phagosome | L @003
Elongator holoenzyme complex| @ ’ Thylakoid lumen - L ]
Nuclear euchromatin: @ 0| log,{p.adjust) Phagocytic cup: @ 2 logop.adjust)
Euchromatini @ E Chloroplast thylakoid lumen - L] i
Nuclear membrane; L] -2 Cullin-RING ubiquitin ligase complex - ® I
Striated muscle dense body| RNA polymerase [l transcription re§u]afox- .
Preribosome, large subunit precursor: & qynapge- ] -2
Extracellular exosome | o 6 Polysomal ribosome: ® 1
Ammonia-lyase activity Electron transfer activity: [ ]
Catalytic activity, acting on RNA . Anion:anion antiporter activity . ]
Carbon-niogen yase ctiviy kit g
AmII'ICIarC)] -tRMA ligase activity & lglavonmd binding: @
(‘" cosebipte hm:delh dfgcnvn} ® = Camalexin binding: @ =z
:l ADP+) [zon -p oqp orylatmi,) afﬁﬁ . & Querlmmn hm,dj,ng' * -
Pseudouridine synthase activity | ® Enzyme activator activity L ]
Intramolecular ransferase activity, & Inosine nucleosidase activity: @
Caral ic activity, aclm on a tRNA ® Hormone binding - [ ]
{NAFJ 0 }ﬁgm [ ] Oxo-acid-lyase activity . @
phospl nrv!aung] acnvlly £ . L ! i L
5 10 3 10 15
(A8l Count {44 Count

A: BIE2ESRFRIBIE M GO WA B: T 22BN GO W AT BP: ALYt B CC - AL 53 s MF 43 T8k
A': GO enrichment of up-regulated DEGs; B: GO enrichment of down-regulated DEGs; BP: Biological process; CC: Cellular component;
MEF: Molecular function

Eo

HERRKAMREAXERRIEEEN GO FEXEEST(FT10)

Fig.6 Statistics of the top 10 enriched GO terms of DEGs related to albino leaf color
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