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Genetic identification of Changshan Huyou based on whole genome infor-
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Abstract: [Objective] Changshan Huyou is an excellent local citrus resource in China, but its genetic
background is always controversial. The study aimed to explore the genetic background of Changshan
Huyou. [Methods] Changshan Huyou was used as the experimental material. Other tested materials in-
cluded typical citrus species resources and local citrus resources in Zhejiang, such as mandarin orange,
pummelo and sour orange. Firstly, the morphological characteristics of leaves and fruits of Changshan
Huyou were compared with mandarin orange, pummelo, sour orange and grapefruit. Secondly, the fruit
quality of different citrus resources was determined, the transverse and longitudinal diameter of fruit
was measured by vernier caliper, and the fruit shape index was calculated, the weights of single fruit,
peel, residue and seed were measured by electronic balance, and the edible rate was calculated, the solu-
ble solids and titratable acids were measured by hand-held sugar acid instrument, and the solid acid ra-
tio of fruit was calculated, the content of ascorbic acid was determined by 2,6-dichlorophenol indophe-
nol reagent. The differences in appearance quality and internal quality of the various resources were ana-
lyzed. The genome of Changshan Huyou was resequenced, and the sweet orange was used as the refer-

ence genome. Changshan Huyou was compared with the sweet orange reference genome through gatk
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4.0 for SNP-calling, and finally the SNP data of Changshan Huyou, mandarin, sour orange, pummelo
and grapefruit were obtained. The SNP information in each window was analyzed, so as to judge the ge-
netic source of each window and obtain the genetic component map of their whole genome. Based on
the genomic difference information of mandarin orange, pummelo, Changshan Huyou, sour orange and
grapefruit, specific InDel molecular markers were developed, and Changshan Huyou was further identi-
fied by the molecular markers. [Results] The morphological analysis of leaves and fruits showed that
there were great differences in leaf types of different citrus resources. The leaf morphology of Chang-
shan Huyou was similar to that of sour orange, close to oval or ovate, and its wing leaves were smaller,
while the wing leaves of pummelo were larger. Changshan Huyou belongs to small and medium-sized
fruit type, which is similar in size to sour orange. The peel is golden yellow, the flesh is light yellow,
and the peel thickness is similar to that of sour orange. The leaf type index of Changshan Huyou was
not significantly different from that of Zigui sour orange, but significantly different from those of Ben-
dizao mandarin orange, StarRuby grapefruit and Siji pummelo. The fruit quality data showed that
Changshan Huyou had no significant difference from sour orange in appearance quality indexes such as
single fruit weight, peel thickness, Seed weight, and peel weight, but had significant differences from
mandarin orange, grapefruit and pummelo. There were significant differences between Changshan Huy-
ou and sour orange in internal quality indexes such as titratable acid and solid acid ratio. The average
content of titratable acid was 0.98%, and the average solid acid ratio was 12.30. The resequencing data
showed that more than 87.91% of the genetic regions of Changshan Huyou were hybrid origin between
pummelo and mandarin orange, and 9.77% of the genetic regions were homozygous to pummelo. By
comparing with the whole genome structure of other tested citrus materials, it was found that the ge-
nome structure of Changshan Huyou was mostly similar to that of sour orange, and the sequence simi-
larity with Jiangjin sour orange was 88.34%. By clustering Changshan Huyou with other citrus resourc-
es, it was also found that Changshan Huyou was clustered with sour orange, indicating that Changshan
huyou would a kind of sour orange. In addition, four pairs of InDel molecular markers were developed
according to the different variant ectopic sites of the whole genome, and they could be used to identify
the genetic differences among mandarin orange, pummelo, Changshan Huyou, sour orange and grape-
fruit. Through the verification of molecular markers, it was found that mandarin orange had a long
band, pummelo and grapefruit had a short band, sour orange had two bands of pummelo and mandarin,
the amplified band size of Changshan Huyou was consistent with the sour orange band, and they were
the two bands of mandarin orange and pummelo, which was inconsistent with pummelo and grapefruit,
it was further confirmed that Changshan Huyou had a close genetic relationship with sour orange. [Con-
clusion] Based on the whole genome resequencing data, this study speculated the genetic background
of Changshan Huyou, and systematically compared the molecular markers, morphological characteris-
tics and fruit quality data of Changshan Huyou with the citrus resources related to Changshan Huyou.
We conclude that 87.91% of the genetic components of Changshan Huyou are heterozygous, the whole
genome sequence of Changshan Huyou is highly similar to that of sour orange, and it is also clustered
with sour orange, which indicates that Changshan Huyou has the genetic background of sour orange.
This is also confirmed by InDel molecular markers. The leaf and fruit morphology of Changshan Huy-
ou is similar to that of sour orange, but the fruit quality has been significantly improved, indicating that
Changshan Huyou is a kind of sour orange with improved fruit quality obtained through long-term culti-
vation and domestication.
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Table 1 Tested citrus resources information

5 AR B2 8 5 AR B2 8 5 A B R

Number  Citrus resources Number Citrus resources Number  Citrus resources

1 % Citron 8 R4 3 Zhuluan hongguo 15 KSR AE Zhuluan sour orange

2 A . Bendizao mandarin 9 #13k#% Goutou cheng 16 % LU & il StarRuby grapefruit
3 W Z A Satsuma mandarin 10 154 184K Huangyan daidai 17 3 FLfill Wendan pummelo

4 % L4l Changshan Huyou 11 HLIE 3k % B Kaiyacheng sour orange || 18 # M £ Qingtianhong pummelo
5 ARAREL B Daidai sour orange 12 YLHEER B Jiangjin sour orange 19 Y2l Siji pummelo

6 FBVATRHS Zigui sour orange 13 V0 )17 % Sichuan sour orange 20 FE V% % M Guanxi pummelo

7 /N1 F8 Xiaohong cheng 14 VG £ 15 Brazil sour orange

T < ) Sk L IR A6 DT 65 P B [X M 7 R AR it o

Note : Goutou cheng and Kaiyacheng sour orange are local sour orange varieties in Huangyan District, Taizhou, Zhejiang Province.
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Table 2 Identification of InDel primer information of Changshan Huyou and tested citrus resources

514 SIS -3 31945 BRI -3)
Primer name Primer sequence(5” - 37) Primer name Primer sequence(5” - 37)
InD1-chr2-F GGAATGCCTCGGATTTGAA InD3-chr2-F TGAATCCCACTGAAGCCTAT
InD1-chr2-R TAGCACCAGACAAGACCACTC InD3-chr2-R TCGGTCCTCTATCATCCTCT
InD2-chr7-F AATGGCTCTGCTATGACGA InD4-chr2-F GGATTGATTGGTCCACTGCTC
InD2-chr7-R GACGGATGGTGACCTAACAAG InD4-chr2-R GCAAAGCGGGTTTAGTAATGAT

JEAR 72 °C 40 s, 35 MEIF , ZSEAH 72 °C 5 min.
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A, IETH M B, BSCIEM ;s C. [ s D. FESLVI 5 1~5. A FAR , BRVARRRE , & (A, 52 05 LA 4 el DO 2l
A. Frontal Leaf type;B. Fruit front; C. Reverse Leaf type; D. Fruit section; 1-5. Bendizao mandarin, Zigui sour orange , Changshan Huyou, StarRu-

by grapeftuit, Siji pummelo.
E1 BEAMSEM 4 5 FIRM RESHER

Fig.1 Comparison of leaf types between changshan Huyou and other four citrus accessions
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Table 3 Leaf type data of Changshan Huyou and other four citrus resources

- iR oo R Ribpife  RPAGE MRS
Name Blade width/ Blade length/ .Leafproﬁle ng leaf Wing leaf Alrf01] profile
mm mm index width/mm length/mm index
ZHb 4% Bendizao mandarin 41.58+0.99 ¢ 88.93+3.90 be 2.14£0.07 a
AR AE Zigui sour orange 51.90+1.57 a 95.03+2.81 ab 1.83£0.05 b
i L4l Changshan Huyou 48.97+0.86 ab 90.40+1.64 be 1.8540.03 b
SR % LU & #il StarRuby grapefruit  45.51+0.60 be 101.40+1.31 a 2.23+0.04 a
VY==Al Siji pummelo 51.56+2.78 a 82.40+3.07 ¢ 1.62+0.13 ¢ 27.78 28.40 1.02
Ve RS TR R (p < 0.05). T
Note: Different lowercase letters indicate significant difference at p < 0.05. The same below.
x4 TREMBZRIRRERR
Table 4 Fruit quality of different citrus resources
A SRR A ML LA TR i 1L A A B B 2 Al FER Al
Quality index Bendizao mandarin ~ Zigui sour orange ~ Changshan Huyou  StarRuby grapefruit Guanxi pummelo
IR 5T & Single fruit weigh/g 95.90+3.43 d 417.20+14.87 b 414.92+23.30 b 306.85+21.33 ¢ 1793.00+35.18 a
FIEFGE] Fruit type index 0.68+0.01 d 0.83+0.03 ¢ 0.94+0.03 b 0.92+0.03 b 1.17+0.03 a
)% JE P Peel thickness/cm 0.28+0.02 d 0.6940.12 be 0.78+0.02 b 0.54+0.01 ¢ 1.15+0.05 a
FEIRE Number of capsule valves 10.00+0.58 a 10.33+0.33 a 10.33+£0.67 a 12.00£1.00 a 11.67+0.67 a
FhF 5 & Seed weight/g 0.6120.54 be 5.20+0.90 a 3.07+1.49 ab 0.23+0.12 ¢ 0.000.00 ¢
T FZ 7 i Peel weight/g 26.44+3.90 d 105.27+11.81 be 131.07+8.92 b 66.78+2.69 cd 582.09+25.15 a
wCRAI L T4 11.30+0.76 ab 10.77+0.81 ab 12.04+0.39 ab 10.19+0.52 b 12.77£0.54 a
Soluble solids content/%
wCrTHERR) 0.60+0.04 ¢ 3214043 a 0.98+0.04 ¢ 2.16£0.21 b 0.72+0.06 ¢
Titratable acid content/%
&2 b Solid acid ratio 19.10£1.99 a 3.42+0.29 ¢ 12.30+0.70 b 4.79+0.43 ¢ 17.83£1.08 a
w AR 24.14x1.48 ¢ 42.63£2.22 ab 47.67+3.47 a 36.05+0.60 b 43.76+1.92 a
Ascorbic acid content/(mg-100 g™)
A % Edible rate/% 72.13+2.74 ab 62.77+3.53 ¢ 67.690.90 be 78.07+0.83 a 69.060.88 be
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Fig.2 Characteristic map of whole genome of Changshan Huyou
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I A% Sichuan sour orange
ELFEER IS Brazil sour orange
KR4 Zhuluan hongguo
225 Zhuluan sour orange
MR M Satsuma mandarin
A 5. Bendizao mandarin
VR RS Zigui sour orange
VLTS Jiangjin sour orange

| “# 111 H4# Changshan Huyou
SRS LU & Al StarRuby grapefruit
H H 4l Qingtianhong pummelo
V=4 Siji pummelo
¥ H Hf Wendan pummelo
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Fig. 4 Cluster analysis of Changshan Huyou and other citrus accessions
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A. InD1-chr2;B. InD2-chr7; C. InD3-chr2; D. InD4-chr2; M. DNA 5 000 marker; 1-7. Bendizao mandarin, Guanxi pummelo, Changshan huyou,

Kaiyacheng sour orange , Goutou cheng, Zigui sour orange, StarRuby grapefruit; CK. Negative control.
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Fig. 5 Gel electrophoresis of InDel primers on Changshan Huyou and tested citrus resources
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