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Changes of main amino acid contents in citrulline biosynthesis pathway
and expression analysis of related genes during fruit development of

watermelon with different ploidy
CHEN Zihao, LU Xugqiang, HE Nan, YANG Dongdong, ZHU Hongju, LIU Wenge

(Henan Joint International Research Laboratory of South Asian Fruits and Cucurbits/Zhengzhou Fruit Research Institute, Chinese Acad-
emy of Agricultural Sciences, Zhengzhou 450009, Henan, China)

Abstract: The content of four amino acids, glutamic acid, ornithine, citrulline and arginine, as well as the expression dif-
ferences of key enzyme genes in the citrulline synthesis pathway of citrulline, were studied in the diploid, triploid and tet-
raploid Yixuan watermelon. The results showed that the content of citrulline and ornithine in polyploid watermelon fruits
were significantly higher than those in diploid, while the content of arginine in polyploid was lower than that in diploid.
At 32 days of fruit development, the content of citrulline and ornithine were triploid > tetraploid > diploid, while the con-
tent of glutamic acid and arginine were diploid > tetraploid > triploid. Correspondingly, there were significant differences
in the expression of NAGS, NAGK, GAT, OTC genes between polyploid and diploid in the late stage of fruit development,
and the expression of 4ASS7, ASS3 and ARG genes in diploid was always higher than that of polyploid throughout the devel-
opmental period. These results indicated that the differences in citrulline content in different ploidy watermelon fruits
were caused by the stable differential expression of upstream and downstream genes of citrulline synthesis pathway. This
study is of great significance to reveal the mechanism of citrulline content difference in different ploidy watermelon.
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Fig. 1 Five point sampling method of watermelon fruit
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Table 1 Primer name and sequence

FER R 1Em 515(5-3D S E4(5-3")

Gene name Forward primer (5'-3") Reverse primer (5'-3")

N-acetyl Glu synthase (NAGS) GTGAGCGGAATAGCCATAT CTCCTCCAATAGTGCCATC
N-acetylglutamate kinase (NAGK) CTCAATCCATCCGCATCC AATCAACTACAGCCTCCATT
Glutamate N-acetyltransferase(GAT) GACGACCGACCTTGTTAG CCACCGCATCTGTTGTTA
Ornithine carbamoyl transferase (OTC) CCTGACGGATTACAACCAT TGATGCCAACAACAACCA
Argininosuccinate synthase(4SS7) TTACAGTGGTGGCTTAGAC CTCTTCCTTCAAGTCCTTCA
Argininosuccinate synthase(A4S552) ATGGTGGATGTTGCGAAT CTTGGTGACTGGAATAGGT
Argininosuccinate synthase(A4SS3) AGATAACCGCAACAACCA GCCGTAGAGATGAATGAATC
Argininosuccinate lyase(4SL1) TGCCAGAGTCATAGGAGA CTTCTTCACGAGGTAATCAG
Argininosuccinate lyase(A4SL2) TTGCGATGGTAGACTTGG TGCTAAGAGAAGATGCTGAA
Arginase(4ARG) GCATCTCTAACACTCATTCG GGACATCACCAACATCAGT
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Fig. 2 Change of four amino acids content in citrulline synthesis pathway during fruit development of watermelon
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Fig. 3 Different ploidy on gene expression of key enzymes in citrulline synthesis during fruit development
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Fig. 4 Correlation analysis of four amino acids content in citrulline synthesis pathway and key enzyme genes

expression level in watermelon fruit
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