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Abstract: [Objective] Watermelon belongs to the genus Watermelon in the Cucurbitaceae family. It
has 7 species, and there are many varieties within the genus. Among them, egusi watermelon (Citrullus
mucosospermus), seed edible watermelon (C. lanatus var. megalospermus) and common watermelon
(C. lanatus var. vulgaris) have been cultivated at commercial scales. Common watermelon is a sweet-
flesh watermelon for daily consumption. Egusi watermelon is an important economic crop in West Afri-
can countries, and the seed edible watermelon is the main economic crop in the arid area of northwest
China. Free amino acids are not only important nutrients in watermelon fruit, but also an important ni-
trogen source. They participate in fruit development and perform their respective functions, which are
connected to each other. Studies have shown that there are significant differences in the accumulation
and content of some free amino acids such as citrulline in different varieties of watermelons. The differ-
ences in metabolites can be used for distinguishing varieties. This study determined amino acids in
fruits at four development stages (10, 18, 26, 34 d) in three watermelon varieties, P1532726 (egusi wa-

termelon), Ningxia Red Seed (seed edible watermelon) and Bing Tang Cui (common watermelon) with
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HPLC. The accumulation and metabolism of 24 kinds of free amino acids was analyzed. [Methods) Ac-
cording to the development characteristics of different varieties, four watermelon fruit with the same
growth and good development status were sampled for each variety and quickly frozen with liquid nitro-
gen. The watermelon pulp was completely freeze-dried in a freeze dryer and then ground into fine pow-
der. A sample of 1.00 g of freeze-dried pulp was taken and suspended in 90 mL boiling water, and
bathed in 95 °C water for 10 minutes after full mixed. The suspension was forced through a 0.22 pm wa-
ter-phase filter, and the filtrate was cooled to room temperature and set to a volume of 125 mL. 10 pL of
the filtrate was pipetted into a glass-lined tube, added with 20 pL of derivatization reagent and 70 pL of
derivatization buffer reagent, vortexed for 10 s, oven heated at 55 °C for 10 min, and used for HPLC
analysis, which was repeated for three times for each measurement. The standard curves of 24 free ami-
no acids were constructed with four concentration gradients for HPLC determination, so as to quantify
amino acids in the watermelon sample filtrate. [Results] It was found that the contents of citrulline, gly-
cine and glutamine were among the highest in the three watermelon varieties. For example, citrulline
was 0.11 g-kg" in PI532726, 0.12 g-kg" in Ningxia Red Seed, and 0.39 g-kg"' in Bing Tang Cui. The con-
tent of arginine (0.1-0.2 g-kg"') in Bing Tang Cui (0.12 g-kg") was higher than in P1532726 and Ningx-
ia Red Seed (0.018 g-kg' and 0.068 g kg, respectively). The contents of y-aminobutyric acid, glutam-
ic acid, valine, isoleucine, asparagine and phenylalanine in the three watermelons ranged from 0.01 to
0.06 g - kg'. The contents of theanine, hydroxyproline, tyrosine, sarcosine, alanine, leucine, ornithine
and cysteine were all lower than 0.01 g-kg"'. The contents of the other free amino acids differed signifi-
cantly in the three watermelon varieties. For example, the contents of proline and methionine in Bing
Tang Cui were 0.028 g-kg' and 0.013 g- kg, respectively, while those in P1532726 and Ningxia Red
Seed were all lower than 0.01 g-kg". The content of serine in Ningxia Red Seed and Bing Tang Cui was
0.011 g-kg" and 0.015 g-kg'', respectively, while that in P1532726 was lower than 0.01 g-kg". Principal
component analysis was carried out on the 24 amino acids in four developmental stages of the three wa-
termelon varieties after standardization, and two principal components with eigenvalue>1 were extract-
ed. The eigenvalues of the two principal components for PI532726 were 14.503 and 5.511; those for
Ningxia Red Seed were 19.006 and 3.368; and for Bing Tang Cui were 10.73 and 9.79. The cumulative
variance contribution rates were all greater than 83%, showing strong information representability. PCA
loading plot can be used to find the differential variables. The greater the distance from the origin, the
greater the contribution rate to the samples. From the loading plot, it could be seen that the free amino
acids that contributed more to PI532726 were glycine and glutamine. The free amino acids that contrib-
uted more to Ningxia Red Seed were glycine, citrulline and glutamine, and those to Ningxia Red Seed
were glycine, citrulline, arginine and glutamine. Clustering heat map analysis showed significant differ-
ences in the amounts and patterns of glycine, citrulline, arginine and glutamine among the three water-
melon varieties, and the free amino acid evolutionary tree also showed differences among the three vari-
eties. The metabolic characteristics of free amino acids in PI532726 and Ningxia Red Seed were more
similar. In conclusion, there were significant difference in contents of free amino acids in the three wa-
termelon varieties, which may be used as the signature differential metabolites to distinguish watermel-
on varieties. It was found that glycine (26%-34%), glutamine (12%-24%)), citrulline (8%-23%) and -
aminobutyric acid (4%—9%) were dominant in the fruit of PI532726. In Ningxia Red Seed, glycine
(20%-35%), glutamine (12%-28%), citrulline (9%—-15%), glutamic acid (4%—12%) and arginine (4%—
9%) were the major amino acids. Citrulline (23%-45%), glutamine (21%-35%), glycine (4%—-19%) and

arginine (5%-11%) were dominant in Bing Tang Cui. In addition, there were significant differences in
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the proportion of various free amino acids among varieties and developmental stages. The results
showed that there were always a large proportion of free amino acids in fruits of the three varieties, and
there were significant differences. The presence of these free amino acids in fruit development may be
related to genotype of watermelon. The changes in the total 24 detected free amino acids in P1532726
were in a parabolic (up-down) pattern. In Ningxia Red seed, the change pattern was an ascending type,
while that in Bing Tang Cui watermelon showed an “N” pattern (up-down-up). The total free amino ac-
id content in Bing Tang Cui was higher than that in PI532726 and Ningxia Red Seed at the four develop-
mental stages. The overlap of total free amino acid accumulation curves of PI532726 and Ningxia Red
Seed was high. The change patterns of each free amino acid were analyzed respectively. It was found
that citrulline, y-aminobutyric acid, aspartic acid and ornithine in PI532726 were ascending; cysteine
was in a descending pattern, and the change patterns of glutamine, glycine, arginine, glutamic acid, phe-
nylalanine, aspartic acid and isoleucine were parabolic. The contents of alanine and cysteine in Ningxia
Red Seed descended constantly; glutamic acid showed a “V” pattern (down-up); glycine, leucine, ser-
ine and tyrosine showed a parabolic pattern; citrulline, glutamine, arginine, phenylalanine, y-aminobu-
tyric acid, aspartic acid, asparagine, lysine, valine, methionine, ornithine and theanine showed ascended
constantly. In Bing Tang Cui, glycine and alanine were constantly decreasing; citrulline and ornithine
were increasing; aspartic acid and y-aminobutyric acid were parabolic; and glutamine, arginine, phenyl-
alanine, glutamic acid, leucine, isoleucine, lysine, proline, serine, valine and methionine changed in an
“N” pattern (up-down-up). Threonine displayed an inverted “N” pattern (down-up-down). The change
curves in PI532726 and Ningxia Red seed were similar in various free amino acids, such as glycine, leu-
cine, asparagine, threonine, isoleucine, serine, y- aminobutyric acid and tyrosine, while the change
curves of free amino acids in PI532726 and Bing Tang Cui had high similarities. The coincidence de-
gree of cysteine was high only in Ningxia Red Seed and Bing Tang Cui. PCA analysis of free amino ac-
id data of all samples showed that principal component 1 clustered P1532726 and Ningxia Red Seed to-
gether, and Bing Tang Cui was grouped into a single class. The results indicate that the free amino acid
metabolic network and metabolic pattern in the fruits of PI532726 and Ningxia Red Seed may be more
similar. [Conclusion] The contents of citrulline, glycine and glutamine were high in fruits of the three
watermelon varieties, and the difference was significant. The content of arginine was high only in Bing
Tang Cui. The contents and change patterns of free amino acids in PI532726 and Ningxia Red Seed
were similar, and significantly different from Bing Tang Cui. The combination analysis of the contents
and change patterns of various free amino acids may be used in the classification of watermelon germ-
plasm.
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Table 1 Basic information of experimental materials

LRy a2 A RABIE wCA B R R REJEE

Variety name Variety type Pulp color Soluble solid content/% Fruit mass/kg Rind color ~ Rind thickness/cm
PI532726 FHFFFE K Egusi [ % White 1.7 40 Green 1.4

T H 2K K Ningxia Red Seed  #fH74)K Edible seed 3% {7 Yellow 2.4 20 Green 1.1

VKB Bing Tang Cui FeHi 76K Common 14 White 35 25 Green 0.9
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Table 2 Contents of free amino acids in pulp of three watermelon varieties at four developmental stages (g -kg")
B R PI532726 T EZIFf /I Ningxia Red Seed VKB Bing Tang Cui
Free amino acid 10d 18d 26d 34d 10d 18d 26d 34d 10d 18d 26d 34d
L-RAE [ Asp 0.0054 0.0077 0.0100 0.0110 0.0053 0.0076 0.0084 0.0098 0.0140 0.0290 0.0180 0.0130
L- R4k Asn 0.0084 0.0230 0.0250 0.0220 0.0070 0.0150 0.0200 0.0210 0.0059 0.0019 0.0062 0.0110
L-#2 5% Ser 0.0060 0.0068 0.0096 0.0058 0.0061 0.0078 0.0110 0.0088 0.0150 0.0190 0.0078 0.0130
L-AE R Glu 0.0150 0.0180 0.0260 0.0200 0.0370 0.0210 0.0290 0.0450 0.0160 0.0230 0.0160 0.0210
L- B Z % Gln 0.0320 0.1400 0.1700 0.0780  0.0360 0.1000 0.2100 02200 02400 0.4300 0.1500 0.2800
L- &R Gly 0.0670 02000 0.2200 0.1400 0.0840 0.1800 0.2000 0.1700 0.1600 0.0560 0.0500 0.0650
LAH5 IR Arg 0.0068 0.0150 0.0180 0.0056 0.0120 0.0270 0.0470 0.0680 0.0450 0.1200 0.0630 0.1200
L-JRNE P Cit 0.0440 0.0490 0.0840 0.1200 0.0430 0.0470 0.0830 0.1300 02000 03200 0.3400 0.3900
y-Z TR GABA 0.0170 0.0270 0.0320 0.0410 0.0100 0.0130 0.0130 0.0160 0.0110 0.0520 0.0270 0.0140
L4552 Val 0.0055 0.0120 0.0170 0.0092  0.0063 0.0120 0.0170 0.0180 0.0160 0.0210 0.0089 0.0110
L-F i 22 Met 0.0010 0.0032 0.0050 0.0010 0.0010 0.0051 0.0081 0.0092 0.0044 0.0130 0.0064 0.0097
L-% %% Om 0.0000 0.0004 0.0010 0.0010 0.0000 0.0000 0.0013 0.0020 0.0034 0.0038 0.0038 0.0053
LT 2 Lys 0.0072 0.0134 0.0091 0.0085 0.0039 0.0055 0.0084 0.0088 0.0143 0.0155 0.0060 0.0082
L-5e5ea i e 0.0056 0.0120 0.0220 0.0100 0.0076 0.0150 0.0210 0.0200 0.0210 0.0240 0.0120 0.0160
L5558 Leu 0.0027 0.0059 0.0099 0.0024  0.0031 0.0063 0.0091 0.0072 0.0082 0.0089 0.0030 0.0035
L-77%1% Thr 0.0044 0.0082 0.0143 0.0063  0.0050 0.0069 0.0079 0.0071 0.0110 0.0073 0.0096 0.0079
L-F2IE % HYP 0.0000 0.0007 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0052 0.0017 0.0000 0.0011
L-JfZ I Pro 0.0000 0.0044 0.0062 0.0038 0.0000 0.0036 0.0059 0.0060 0.0120 0.0270 0.0160 0.0280
L-B&ER Tyr 0.0024 0.0046 0.0096 0.0032 0.0017 0.0047 0.0074 0.0059 0.0079 0.0075 0.0013 0.0023
WIZ % Sar 0.0000 0.0015 0.0011 0.0014 0.0017 0.0016 0.0013 0.0016 0.0000 0.0000 0.0010 0.0000
L-%%( % The 0.0000 0.0003 0.0003 0.0003  0.0000 0.0000 0.0001 0.0001 0.0002 0.0002 0.0000 0.0002
L-NEZ Ala 0.0026 0.0022 0.0040 0.0011 0.0023 0.0019 0.0013 0.0013 0.0048 0.0037 0.0032 0.0028
L-ZR N Phe 0.0110 0.0260 0.0460 0.0200 0.0120 0.0240 0.0420 0.0500 0.0340 0.0570 0.0260 0.0490
L2 Cys 0.0075 0.0061 0.0044 0.0029 0.0031 0.0008 0.0013 0.0010 0.0045 0.0011 0.0011 0.0017

WPI532726
T H 4 FF )R Ningxia Red Seed
VKHEHE Bing Tang Cui
A0~0.01 g-kg'

Fig.1 Analysis of different free amino acids content in fruits of three watermelon varieties
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