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Abstract: [Objective] Citrus hybrids have gained significant popularity among consumers and hold
broad market prospects due to their desirable characteristics, including juiciness, easy-to-separate seg-
ments, rich flavor, low-seed or seedless flesh, and easy peeling. However, with the increasing number
of commercial varieties and the expansion of planting areas, issues such as variety mixing and counter-
feit labeling have become increasingly prominent. These problems are particularly difficult to identify
at the seedling stage, which severely restricts the healthy development of the citrus industry. Therefore,
it is urgent to establish rapid and accurate variety identification techniques to protect breeders' rights. To
address this need, the present study utilized structural variation (SV) molecular markers to analyze the
genetic diversity of 16 citrus hybrids and constructed their corresponding molecular identification pro-
files. This research aims to provide technical support for the identification and protection of citrus hy-
brids germplasm resources, while also offering data references for further exploration of their genetic

background. [Methods] This study selected 16 popular citrus hybrids as materials. Genetic diversity
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analysis and molecular fingerprint construction were based on 7 qualitative traits and 34 pairs of SV
marker primers. Data for qualitative traits were processed using Microsoft Excel 2016, and the genetic
diversity index (H) was calculated using SPSS 25 following the Shannon- Weaver method. PCR prod-
ucts amplified by the 34 SV marker primer pairs were detected via agarose gel electrophoresis, and

“1”

banding patterns were scored as “0” and “1”. The Data Formatter software was used to convert the bina-
ry (0/1) data into fragment size (bp) data. Popgene 32 software was used to calculate the number of al-
leles (Na), the effective number of alleles (Ne), the Shannon's information (/), the observed heterozygos-
ity (Ho), the expected heterozygosity (He) and the Nei's gene diversity (H). The Power Marker V3.25
was used to calculate the major allele frequency (MAF) and polymorphism information content (PIC).
Cluster analysis was performed using NTSYSpc2.10e software to calculate genetic similarity coeffi-
cients, and a dendrogram was constructed using the UPGMA method. [Results] The results showed
that the 7 qualitative traits across the 16 citrus hybrids exhibited 16 variation types, with an average di-
versity index of 0.517 5. While there was some variation among the 16 citrus hybrids accessions in
traits such as leaf blade shape, leaf base shape, wing leaf shape, and leaf margin, these traits were insuf-
ficient to fully distinguishing the tangor varieties at the seedling stage. Furthermore, seedling phenotyp-
ic traits are easily influenced by environment and cultivation conditions, indicating that morphological
identification can only serve as an auxiliary method for variety identification. Eight SV marker primers
exhibiting good polymorphism were selected from the successfully 34 amplified primers; these eight
primers could collectively distinguish 14 citrus hybrids. Among them, the varieties Nishinoka, Asumi,
and Yangguang No. 1 possessed unique genotypes distinguishable using just one primer pair. A total of
19 alleles were detected by the eight SV marker primers. The number of alleles (Na) was 2.375, the ef-
fective number of alleles (Ne) was 2.062, the major allele frequency (MAF) was 0.582, the polymor-
phism information content (PIC) was 0.393, the Nei's gene diversity (H) was 0.492, the average Shan-
non's information (/) was 0.742, the observed heterozygosity (Ho) was 0.625, and the expected hetero-
zygosity (He) was 0.508. These results indicate that the eight SV marker primers possess good polymor-
phism and that the tested 16 citrus hybrids have a high degree of heterozygosity and relatively rich ge-
netic diversity. Cluster analysis revealed that at a genetic similarity coefficient of 0.64, the 16 citrus hy-
brids could be divided into five groups. Varieties bred using Kiyomi (a monoembryonic trait) as a fe-
male parent or its descendants as parents, were mainly clustered into the first group. Varieties without
Kiyomi ancestry were primarily clustered into the second group. Yangguang No.1, Haruka, and Jinqiu
Shatangju each formed separate groups, indicating significant differences in their genetic backgrounds
compared to the other 13 citrus hybrids accessions. Using the amplification results from the eight select-
ed SV marker primers, unique molecular fingerprints were constructed for 14 citrus hybrids. Subse-
quently, six samples with established molecular fingerprint information provided by an external institu-
tion were tested, verifying that the established citrus hybrids molecular fingerprints can be used for au-
thenticity identification of citrus hybrids at the seedling stage. [Conclusion] This study statistically ana-
lyzed the seedling phenotypic traits of 16 citrus hybrids and found them to be relatively consistent, mak-
ing it difficult to directly identify varieties based on morphological characteristics at the seedling stage.
Based on citrus whole-genome sequencing data, eight SV markers were developed and screened. 14 cit-
rus hybrids could be distinguished combinations of these eight SV marker primers. Furthermore, the am-
plification results of the eight SV markers were converted into character strings and combined to suc-
cessfully construct the unique DNA molecular fingerprints for 14 citrus hybrids. Corresponding barcode

and QR code molecular fingerprints were generated using a QR code generator. Additionally, the results
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of genetic diversity and cluster analysis of the 16 citrus hybrids indicated that the tested varieties have

complex genetic backgrounds and rich genetic diversity. In summary, the above research findings pro-

vide effective technical support for the identification and protection of citrus hybrids at the seedling

stage.
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Table 1 Information on citrus hybrids
s AR TR HwHEXK PR3t Fre YL R EASIEEE R
No. Variety name Breeding countries Sampling sites No. Variety name Breeding countries ~ Sampling sites
1 W HA U 9 & HA iR
Kiyomi Japan Anhua, Hunan Haruka Japan Changsha, Hunan
2 PN HA U 10 =3 HA WIF KD
Amakusa Japan Anhua, Hunan Harumi Japan Changsha, Hunan
3 & HA Ui 11 o HA TP
Nankou Japan Anhua, Hunan Kanpei Japan Changde, Hunan
4 [P HA R 12 RN HA WIF KD
Nishinoka Japan Anhua, Hunan Ehime Japan Changsha, Hunan
5 W. ERBHRF FH R 13 ANFIK HA iR
W.Murcott America Anhua, Hunan Shiranuhi Japan Changsha, Hunan
6 BB % Ui 14 SRS BIEAG el WIF KD
Murcott America Anhua, Hunan Jingiu Shatangju China Changsha, Hunan
7 R L3 b EeR Sy 15 I H HA i EaR Sy
Orah Israel Changsha, Hunan Asumi Japan Changsha, Hunan
8 RAMERH S K 16 a1 5 S iR S
Dayagan China Changsha, Hunan Yangguang No.1 China Changsha, Hunan
F2 FMREMWRRE ARG 9 100~1000 bp , 45 547189 2% 17 KN kAT
Table 2 Assignment of quality traits of citrus hybrids HeR , KA Z/NF 50 bp WA R — RN &eats , it
IR i AT A IFALEL, K BEAR 2K F 50 bp WA 4 H4F L 5
Trait Assignment of values o L ) s
Wi B 37=1, P k=2, B =3 2L 22 A M L PR ) 2% 22 KR 34 5% 5
Tree habit Upright=1, Spreading=2, Weeping=3 % . %] % {(}E y\j 18~24 bp ,iE k /Ellg yfj 56~61 °C.
uf Hp=1, M5 =2, = A =3 \ o et A e A .
Leaf type Simple=1, Unifoliate=2, Trifoliate=3 ’I%’ PCR EE/ZK ;JT s E %"_ﬁﬁr{j\ﬁj ’EH E@ 34 XTJ‘ SV */F ! 'gl %
TR W=, SO EE=2, I3 Bk =4, 35 =S, R R RV R R AR BRA A (KA D A B
Leaf blade |7 =6 -
shape Elliptic=1, Ovate=2, Obovate=3, Lanceolate=4, 1.4 DNA E,‘HHEEER& PCR #- iglﬂ \ EE-”](%\H—F
Rhombie™3, Orbicular=6 K F CTAB 2 #& BUM A it Fr 52 DNA, I
WRIER BRI, BT, A3, f =4, KRS e o 4 e s L b
Leaf apex Obtuse=1, Acuminate=2, Acute=3, Mucronate=4, I%E(:EE *E 23 EE YKT(IL\YIJ_\[“ DNA Dﬁ &, [A EH‘ 'fﬁ H Eﬁ*fﬁ
‘é o 1590 5 DNA YK DA K ODsoo » 5 126 25 1 0 5 DNA
DR =1L B2, =3, =4 S _ o
Leaf base Narrowly cuneate=1, Cuneate=2, Broadly Cuneate=3, Dﬁ E/KE% ;F% 227100 ng-pL LB T -20 °CiK ;Fﬁ 1%
shape Rounded=4 ﬁf% m
B OIE=1L B = =2, BRI =3, (B B =4, 2R E=5 - e
Winged leaf  Cordate =1, Obdeltoid=2, Obovate=3, Oblanceolate=4, PCR ?F i 'TZIX/% (20 uL) 2% Tt aq MasterMix (i DE
shape Linear=3 #)10 uL, 10 nmol - L' 1F « K [1] 5] #1 4 0.5 uL, 3 [
2% G=1, KK E=2, A %=3 ] .
Leaf margin  Entire=1, Undulate=2, Serrate=3 2 DNA(100 ng-pul 1 puL, ddH,O %[\EQ 20 pLlo

4, Z2BR TUA G 345 252 6294 SV 28 o7 A (Fl N
R >50bp). A IS 11252 629 %O SV TEAH
Ytk BRI A NI 5T H A R4 SVIM-
asm B 148 58 IR SR GG SV 7E Je i i B 1 20 A R
B15). ARHE 215 524> SV AL £, FF] A Primer3 Input
T. H. .UCSC ] In-Silico PCR T Lt 1T 5| W% it 5
I3k o GIIBC T DX AR i AE AR A7 5B R U 200 bp
JFA, 454 LT PCRY I &5 5L, AAS ] i  [1) A2
BER L B RGIEAL B IR S 18 7 B

PCR 4" 4 FEJF : 94 °CTHAZ ¥ 5 min; 94 °CZ M
30 s,56.0~60.5 °CiE ‘K 40 s, 72 °CIEAH 40 s, fEHF 35
K572 °CHEAH 10 min.

AR FIUIHT 1 210 RN o A5 FH 2% 35 I B 5t Jse P,
YK PCR W) EAT AT, HL K 110 V, I ] 1~2 h, 3™
W PR R MBI AR R SR AR
1.5 DNA 3 FEHMERIEE

FIFHA G G (A B335 73 A i 8 4> SV Awid, 3K
5 16 43 Al dn Bh B9 19 25515 . L 4 IR BRI AL s g
O ARAT L B HEAR I A 5 TG, R B e Dy — ot
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FE it 55 AR HERE i 3 38 P 18] A7 R ) 22 e A — 2R
PE U K SR LS B . 275 NY/T 3436—
2019 by CHEAR JE 5 Fh 48 2 SSR 73 F-hrid i)™, BA
T 4 it o 140 FEL K T A g 0 R 2 vt A L S )
SERRHEMTT «

AN [) b o) 5 = AR ot 5 b R o R A7 AE =2
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AT AL it A R S < AR 5 AR HERE L (AL AEAE 1
N FE LR

R ALA B [ it Aol 0 5« PR it 5 B AR A b
(8] G 22 o A
1.7 BRLES S

I Fil Microsoft Excel 2016 SPSS 25 #4115 24
A& ZPEIR 1R 382 4% 2 FF M 76 2 H'(Shannon- Weaver
)P, | F] DataFormater 3445 0+ 1 Z 4 % 2 1% bp
3 s 14 H Popgene32 AR T 5S4 B R (NaD ,
WAL FE K (Ne) , Shannon s 15 S PR EL (D , ML 44
G (Ho) , HAEE 24 & ¥ (He) 1 Nei” s 2 [K £ K¢ 14 15
B(H) . H PowerMarkerV3.25 B4 1155 3 B4R {5
[R 453 (major allele frequency , MAF) F15| )% 2514
{5 8.4 & (polymorphism information content, PIC) ;
{8 Fd NTSYSpc2.10e A4 1 5 38t 4% AH AL 2 2, )
Forb () SAHN & 77 AR AR BN IO 27 Cun-
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2.1 16 MRHEAMERRZER SIS
X 16 AN A b A 1 7 A ACEVEIRBEAT GE i o)

BT, G5 R 16 N F i P AA7E 16 PP S 282,
BIZ FEVESR BN 0.518, AR/ — 2 B F (R 3
Ao 16T Fh 3y g B AL B2 s A
FZFEVERR BN N 0, 32 B 16 47 M P ot £ 47 25 L
B b SE A — 80, ZREPEARG s i B R AR LLOR R R
F, di 6 56.25% , H 2 FE TR ECN 0.865, K BH % 1%
RAFERR I IBAL AL 7, ZFEI 45 s IR LA
RNFE, G EE87.5% , 2 A It Hr HURIC , 12 0.463,
T L PERAR R s TR DR E N &, S
68.75%, HZAEMEFREUR A, 7 0.831, R IR A
A BOR BEAE AR 5 B TR LB TR A £, S T
62.5% , H Z FEVEFR Hu =, 9 0.900, % B MR )
BE SRR R &I A B 5] s w5 DLBCIR
NE, HHT75%, H 2R E T 4, 08 0.562, % B
ZHEARAEAE — 8 BB AE AR 7 2% BRI, 16 47 AR Al
TEW B TR SRR L B TR AN - 2 2 IR -
TEAE— B8 5, AR TCVEAE v W oo 2 M iR AT 78 42
S0, B AR BURIR 5 S IR BRI AR S S A REmm L T
25w R E NS E A s B 7 2.
2.2 SVHRIESI¥IRiHiELS

BT 344 SV AL EIF KR 51 Y5 Re 4 3
ot B R B Hom 24 X 51RO B PR 4 R K AG:
MG T iE i 28 m A BEE . 3D
N 245565 51 P i 38 H 23 A T 8 0 Gt Ak g 8 Xt 5
W17 S Y OARR AN (5D, 8 X 51 9 8 = M K JiE
)75 200~500 bp, T Z M 53+ & 4 iiF 1 #4 2 (&l
D
2.3 ETSVERICHI 16 NI RIPX S 1E R

X SV ARiC I MMy &5 (- D ER, HZ
A H WABEE 15 33800 e e e 9 sy A, ]
B B S Py S A B X Ay, FeH B G 1 T [
% 24> SV FRic (chr1:29803181. chr8:3205311) % 5l
(£6). HT 8 MFricdl G, B KHEMFIFR WAL, T H
BIX 3 144 P GR TR ), X 431K 87.5%. 1E
A8 JE8 ot ot 65 5 Bt b, 24 A ORE o 5 A o i 22
AL S E =2 I, WA E AR M. AR TR
(1 8 MRic A, 14 N SR S AR HERE S I 2 4
J UL B 22 A R R 6 dn PSS E bR . R, f 4k
M it P B S S BT AR F 1% 8 bR

FIH 8 A SV ARt x 16 A J Mt i il b 47 103 4% %2
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ST BELA], ST RES S WA 3 2,375 AN SEAL AL
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Table 3 Survey results of quality traits of 16 citrus hybrids at seedling stage

e iz 8 ot £ AR nFRIAR TERAT AR nHx
Variety name Tree habit Leaf type Leaf blade shape  Leaf apex shape = Leaf base shape Winged leaf shape ~ Leaf margin
HI IERA FLI YR T FTEN B & BEIR
Kiyomi Upright Simple Ovate Acuminate Cuneate Linear Undulate
RE IENYA FLIH ez RN B (A PR
Amakusa Upright Simple Elliptic Acuminate Cuneate Oblanceolate Undulate
[k T LI YR N B BT PR
Nankou Upright Simple Ovate Acuminate Cuneate Oblanceolate Undulate
[P HiL FAIH PEHE RN W% B AN
Nishinoka Upright Simple Lanceolate Acuminate Cuneate Oblanceolate Undulate
W.EREHR S FIH GRIR T EN R 27 IZIN
W.Murcott Upright Simple Ovate Acuminate Broadly Cuneate Linear Undulate
BB IENYA Hr BT N IR R PR
Murcott Upright Simple Lanceolate Acuminate Broadly Cuneate Oblanceolate Undulate
KA HAT BRI PEIE RN B R E i thi
Orah Upright Simple Lanceolate Acuminate Cuneate Oblanceolate Serrate
PNiiZiil IERYA FLIH YR 7 RN B =M Btk
Dayagan Upright Simple Ovate Acuminate Cuneate Obdeltoid Serrate
= HOT LI YR FR LRI (RIS PR
Haruka Upright Simple Ovate Mucronate Narrowly Cuneate ~ Oblanceolate Undulate
FI HiL ot b ] 7% RIER L7 B IZIN
Harumi Upright Simple Ovate Acuminate Cuneate Oblanceolate Undulate
P HAr H PEHE RIEN P 37 PBEIR
Kanpei Upright Simple Lanceolate Acuminate Narrowly Cuneate  Linear Undulate
RN IENYA Hr GRIE T N B R BEIR
Ehime Upright Simple Ovate Acuminate Cuneate Oblanceolate Undulate
ANFIK IERA BRI Y1 ¥ RN IR =k PR
Shiranuhi Upright Simple Ovate Acuminate Broadly Cuneate Obdeltoid Undulate
BRI HERG AT FLIH YR e BE[E B R E Heithi
Jingiu Shatangju  Upright Simple Ovate Obtuse Cuneate Oblanceolate Serrate
WIH I IR HLIH PETE RN Bt it PR
Asumi Upright Simple Lanceolate Acuminate Cuneate Linear Undulate
Fe1 % HOT ot PEHE RIER B Rl Hath
Yangguang No.l  Upright Simple Lanceolate Acuminate Cuneate Oblanceolate Serrate

x4 16 MHRHEBMEARZIHERER SHELE DT
Table 4 Analysis of genetic diversity of quality traits at seedling stage of 16 citrus hybrids

e TR IR PR 1K) it e Pt/ ZREVESE S
_E_i’{j( Number of germplasms with assigned trait values  Distribution frequency Shannon-Wiener dive-

rait . ,

1 2 3 4 5 6 1 2 3 4 5 6 rsity index ()

48 Tree habit 16 - - / / / 1 - - / / / 0
7 Leaf type 16 - - / / 1 - - / / / 0
B AR
Leaf blade shape 1 9 - 6 / 0.0625 0.5625 - 03750 / / 0.864 9
R
Leaf apex shape 1 14 - 1 - 0.0625 0.8750 - 0.0625 - / 0.463 4
HEEETER
Leaf base shape 2 11 3 - / 0.1250 0.6875 0.1875 — / / 0.8313
FIHIBAR
Winged leaf shape - 2 - 10 4 - 0.1250 - 0.6250 0.2500 / 0.900 3
%% Leaf margin - 12 4 / / - 0.7500 0.2500 / / / 0.562 4

AR 16 DM R A CIZ A,/ RERIZ AR R T IZ R
Note: “~” indicates that the corresponding quality type was not present in the 16 hybrid citrus varieties, while “/” indicates that the indicator did

not possess this specific type.
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Table 5 Data for 8 SV Markers

55 PHE AT ER3(5—3) R 51 915 —3)
No. Label name Forward primers (5'—3") Reverse primers (5'—3")

1 chr1:29803181 AGTGGGATCGAATGTCACTCT ACAGAATTCACCAACGAGCTG
2 chr2:1013046 AACAGCCAGCACAGACCT TCACACCTGACGCCTCCT

3 chr3:2080210 TCTGCAGGAGCTTGGCAC ACCACAAACATGCCAGGAA

4 chr4:31281339 ACAGAACAGGCACGGAAAC AGGAGAGTTGACCACGTGG

5 chr5:6730856 TGCCTCTTTCGCCACCTG TACCGGTACCGCTCTCCC

6 chr6:798504 TGGTATGAGGCTTAGCAGGC GCTACTGGCTTGGCATGGA

7 chr8:3205311 CGCCATTTCCCCTGTGCT AGCAGAGGACTTGTTTAGGGT
8 chr9:3657639 TGCATTCAATCGGCATTACG GTGAAACCGGCACAAGGT

300 bp
200 bp |

400 bp
300 bp

200 bp
300 bp

200 bp
400 bp

300 bp

400 bp
300 bp
200 bp
300 bp
200 bp
500 bp

400 bp
300 bp

200 bp

chr1:29803181

chr8:3205311

400 bp
300 bp chr9:3657639
200 bp

M 1 2 3 4 5 6 7 8

10 11 12 13 14 15 16

M. 100 bp DNA Marker; 1. i W52, K& ;3. A4, P02 55 W, BREHRE 6. BRBHRE; 7. IRHE 8. KAEMT ;9. 77510, 32 0L; 11, H-F512. 403

N 130 AFIK 14, SR HiRG: 15, BIE L 16. FHX 1 5

M. 100 bp DNA Marker; 1. Kiyomi 2; Amakusa; 3. Nankou; 4. Nishinoka; 5. W.Murcott; 6. Murcott; 7. Orah; 8. Dayagan; 9. Haruka; 10. Harumi;

11. Kanpei; 12. Ehime 28; 13. Shiranuhi; 14. Jingiu Shatangju; 15. Asumi; 16.Yangguang No.1.
Bl 1 ET 8XF SV R s MiREr mImis R 154 R

Fig. 1 Agarose gel amplification results based on 8 pairs of SV-labeled primer amplification standard samples

R 6 ZAHMIPLR BRI
Table 6 Single-marker identification of citrus hybrids
R i A 44 B Frid
Name of citrus hybrids Marker
chr1:29803181.chr8:3205311

BH % 1 % Yangguang No.1

1 H W, Asumi chr4:31281339
V42 % Nishinoka chr6:798504
AR bR Ic 1] () AL 2 PR 8 H AR AE 2 7%, 6 1~ SV kil

N AL, 1A SV bRie N =2 AR, 14N SV
Fric N IUEEALFE Rl . A AL 38 R 8 (Ne) P2 A
2.062, T B4 KL KR (MAF) T34 4 0.582 , % HA

B ISR B — B FE P (SRR o W A
(Ho)“F-¥IME 7 0.625, i3 T IR I & J& (He) -3 1H
0.508, Ui B Il A Bl A B m R A A K R TS
RN 44 . Shannon’s {5 B 48D \Nei’s 2K £
FEMEFR B (ED M2 S 1M1 B & & (PIO) F31{E 43 51
90.742.0.492 F10.393, i B {4 51 40 B 0k H A %
W 230, BRI T MORE e 2 . HE
1, chrd:31281339 437 5 1 1. PIC A H{E 33 N H e, o
%Uiﬁu 1.279.0.643 F10.697,, & B iZ A7 i 2 51
B N2 AT 1 chrl:29803181 £7 25 /4 1. PIC
ﬁnmame 435128 0.483.0.258 F10.305, 2 A& 14 A1
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Table 7 Identification of citrus hybrids by marker combinations
2R 5IMAAE— Sl AE =
Variety name Primer combination 1 Primer combination 2
2195 \ Ehime chr1:29803181 + chr2:1013046 /
KEBI AR chr1:29803181 + chr2:1013046 /
Yangguang No.1
KEL Amakusa chr1:29803181 + chr2:1013046 + chr4:31281339 chr1:29803181 + chr2:1013046 + chr3:2080210
ME chr1:29803181 + chr2:1013046 + chr4:31281339 chr1:29803181 + chr2:1013046 + chr3:2080210 + chr5:
Nankou 6730856
BB chr1:29803181 + chr2:1013046 + chr4:31281339 chr1:29803181 + chr2:1013046 + chr3:2080210 + chrs:
Murcott 6730856 + chr6:798504
B chr1:29803181 + chr2:1013046 + chr4:31281339 chr1:29803181 + chr2:1013046 + chr3:2080210 + chr5:
Haruka 6730856
AFnK chr1:29803181 + chr2:1013046 + chr4:31281339 chr1:29803181 + chr2:1013046 + chr3:2080210 + chrs:
Shiranuhi 6730856 + chr6:798504 + chr8:3205311 + chr9:3657639
SR chr1:29803181 + chr2:1013046 + chr4:31281339 chr1:29803181 + chr2:1013046 + chr3:2080210
Jinqiu Shatangju
A L chr1:29803181 + chr2:1013046 + chr4:31281339 chr1:29803181 + chr2:1013046 + chr3:2080210 + chr5:
Asumi 6730856 + chr6:798504 + chr8:3205311 + chr9:3657639
i chr1:29803181 + chr2:1013046 + chr4:31281339 + chr9:3657639  chr1:29803181 + chr2:1013046 + chr3:2080210 + chr5:
Kiyomi 6730856 + chr6:798504 + chr8:3205311
[lipais chr1:29803181 + chr2:1013046 + chr4:31281339 + chr9:3657639  chr1:29803181 + chr2:1013046 + chr3:2080210 + chr5:
Nishinoka 6730856
W. BREHF chr1:29803181 + chr2:1013046 + chr4:31281339 + chr9:3657639  chr1:29803181 + chr2:1013046 + chr3:2080210
‘W.Murcott
IRAH chr1:29803181 + chr2:1013046 + chr4:31281339 + chr9:3657639  chr1:29803181 + chr2:1013046 + chr3:2080210 + chr5:
Orah 6730856
HF Kanpei chr1:29803181 + chr2:1013046 + chr4:31281339 + chr9:3657639  chr1:29803181 + chr2:1013046 + chr3:2080210
<8 S MHIRCH HEEHHZSMR 16 NEHBMAESE S
Table 8 Polymorphisms of 8 pairs of primer amplification bands and the genetic diversity of 16 citrus hybrids
AR BN Shannon’s % #% . N ZEMER Nei's FE K £
St o " " e M 2 A B e ) \ .

oo EGOEEMC ERE EREE ey COORER BERGE sow” py
1 R Observed Expected

Primer name

Number of  Effective ~ Major allele ~ Shannon's

heterozygosity, heterozygosity,

Polymorphism  Nei's gene

alleles, Na number of  frequency, information o e information diversity
alleles,Ne. MAF index,/ content , PIC index ,H

chr1:29803181 2 1.438 0.813 0.483 0.250 0.315 0.258 0.305
chr2:1013046 2 1.822 0.656 0.644 0.688 0.466 0.349 0.451
chr3:2080210 2 1.992 0.531 0.691 0.563 0.514 0.374 0.498
chr4:31281339 4 3.303 0.406 1.279 0.813 0.720 0.643 0.697
chr5:6730856 2 1.992 0.531 0.691 0.688 0.514 0.374 0.498
chr6:798504 2 1.882 0.625 0.662 0.625 0.484 0.359 0.469
chr8:3205311 3 2.073 0.563 0.798 0.813 0.534 0.412 0.518
chr9:3657639 2 1.992 0.531 0.691 0.563 0.514 0.374 0.498
K1t Total 19
FYIMH Average  2.375 2.062 0.582 0.742 0.625 0.508 0.393 0.492
PIESESR Jit, 58 T RONEE eI BERG AR OG 15 et

24 16 M ZHH@BFHBBAEST

HLREON 0.60 I, 25 — S8 3 i F i 52 = X 77

FIH 8 A~ SV ARicxf 16 i MR R HEAT RISy IEE S REDHERGRIBH Y6 15 By — 3 TR i A%

Mr, 45 R (B 2D KB, 7RI AR FHALL R ECN 0.52 4k, 16
13 & MR B AT 43 RS, 55— 2 WS 13 4 Fd

LR EON 0.64 4t , 55— IR 13 43 Z M AT gt — 20
Tr A, i LA 8 A Al N — 2K, B A A 5 4 A
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i WL Kiyomi
KE Amakusa
KM Dayagan

7 W, Harumi

H-F Kanpei

A1k Shiranuhi

I H W Asumi

42 7 Nishinoka

R #F Nankou
4‘—|:W BRAEMEE W.Murcott
IRA Orah

] BREME Murcott
21 3¢ N\ Ehime 28
\ %7 Haruka
‘ S AKAPHERG Jingiu Shatangju
; : : A% 1 %5 Yangguang No.1
0.52 0.64 0.76 0.88 1.00
Coefficient

El2 £T SV#RiEH 16 PMRiEmM UPGMA RN
Fig. 2 UPGMA analysis of 16 hybrid citrus cultivars based on SV markers

HFH—

22 (PP [ RFOAS A RO, 25 B 16 AN 2 AH S A R
BAEERIFMERILEE(E3 . NBEEE SR
ek F, ULHA B PEIR 1078 WO BEAR B 5 AR
SEAIEE 17 A H A Sl b EE F R OCHERT SR
B2 o Wi gt ) 35 [ WL BR AR RE AR RRE L DA
L HIRAE H AR 56 NFIE & e 28 v [ (1 P
615 e R A AN TG i WL I 48 1Y) A it b o
M AR 198 76 16 A=A SRl b, SOR TR AT

* I mzE

H.arurm

PN
Dayagan

AHIK

i Klyom: . Shiranuhi

Nishinoka

Al?%aé%*&ﬁﬂﬁb&li"ﬁ% 14 43 2577 %559
28 FLENIE LAY FbRic AR 1) SR 2o B i) 3

%ﬁ%?%aé%ﬁﬁ@nnﬁho
2.5 14D ZAHRFHEI DNA 95T 55EHE

BT 8% SVARFE S| M4 45 L f 4 18 3
IS CIR A= SRR 2 A LN N0k
SR RESIITE 153 9 S g tafk EIHESIINR ,
DA A 18 R B ER /IS 30K R G 35 A IR AEL (¥ 0 1
B BT SRR b A AR S B A

x
I o

FEGE1%
Yangguang No.1

SRIHE

Jingiu Shatangju

WO EOTTRAE 16 NAAT A REAR SRR AP, 20 00 200 3 T HUCER 16 IRt A .
The blue and purple squares represent the 16 citrus parent and origin varieties, and the green, red, and yellow squares represent the 16 citrus hy-
brids.

El3 16 MHRiHmME RIEE
Fig. 3 Pedigree of 16 citrus hybrids
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R AN AT OEE— 1) 19 2.0 1 Fedls 75 e o A AE
2 Sk TR AN — YRS A R ACRE BN AR B 0 1
Bl AT B e A N B R 26 TR AN — 4ERS 71 5 4
U, 14 A2 4 & FR (1) DNA 70 B (S B 05K 9 Fr
Ao LA ARG WO, 8 SR AR A Rl AR 4D

HEALIAHE 112 4 ©RN > T B O IEAE B A
B 1204 s BENLSW = Ja HEAT B AR . R 8>SV AR
O PEARAE i AT 0, G A5 R S o
FEdh T G B0 5 D LA M T B e S B AT
B 4R (R 10 BoR, 12 4 R i 1 %

Ja 5 T S e s B 4 s . SESE R HSL MM AR e 4 ILEC. ], &8
2.6 Z4H DNA 53 F S UHERTLEIE SRR %A 70 B O3 UE W] R T A e Ao ) e IS
N T WAL 2R 7 7 S E R AT AT e PR
*9 ZHSEMA DNA S FHMHERER
Table 9 DNA molecular ID information of citrus hybrids
Fre YL RS TR AR IAY LY ey T
No. Variety name Strings and barcodes QR code of cultivars
- MM :
1011111001111110711
S i
1010101001111110111
o NI
1111010101101110111
Lo MR
1011111001101010101
S JNHERNOI
1011010101011110711
Lo INNTRRN
1010110101111110110
S W0
1011110101011110110
S NN
1111011100010110101
o IR
1011100011111110101
10 21 3¢ \ Ehime | || |‘I‘||| |||
1110111100111110110
11 ANHK Shiranuhi || || || |‘I |||| |||
1010110011110110111
12 S FKHP BEAE Jingiu Shatangju ||||| || |‘I ||| |||
1111100100110110111
o AR
1010110001110110101
Co i

0111010100110101011
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1011111001111110111
String and Barcode Molecular ID

FRFH A 5 B IR

$945% 4 %% Scan content:
TRFZAL M Tree type: Citrus
il i WL Variety: Kiyomi

fg%fhﬁﬁléﬁ HAREZARIG . 1949 = LURFD YEESERS CHEIRT 1 SRR SR M B A 42

Variety source: Bred in 1949 by the Japanese. Horticultural Experiment Station,
from a cross between Trovita sweet orange (a seedling variety of Washington navel
orange) and Satsuma mandarin.

DNA $882if5:1011111001111110111 DNA Fingerprint Data: 1011111001111110111

QR Code Molecular ID

4 FeAHEME AV F R &R RADFN RS 5 F B OHERITRE A A R 5
Fig. 4 Examples of the character string, barcode and QR code molecular ID card and scan code content of the Kiyomi of

citrus hybrids

M. 100 bp DNA Maker; 1. chr1:29803181; 2. chr2:1013046; 3. chr3:2080210; 4. chr4:31281339; 5. chr5:6730856; 6. chr6:798504; 7. chr8:
3205311:8. chr9:3657639; A~L. 1~12 S HEIAFE

M. 100 bp DNA Maker; 1. chr1:29803181; 2. chr2:1013046; 3. chr3:2080210; 4. chr4:31281339; 5. chr5:6730856; 6. chr6:798504; 7. chrS8:
3205311; 8. chr9:3657639; A-L. Test samples 1 to 12.

5 8 SVIREAT 12 BAMEHFREIMINIEER
Fig. 5 The authenticity verification results of 8 SV marks used for 12 citrus hybrids samples

3 Wi I T AR 22k IR AL 5 a8 A v 2 A PRI
SV ARG HEAT B AL ZFEME 0 AT AR SR 22 /N

3.1 16 NFAHmFRANIE L ZHEME ST M LA R R HOIR B R AT X 2. 8N T
AHFEGTE T 1640 A=A b 0w AR R, Fric PIC AR 4k 75 Ay 0.258~0.643, *F- 115 v 0.393.
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Table 10 Authenticity identification results of 12 citrus hybrids samples

;ﬁfj?esubmis- B VLR A0, 1 7 VCHEL & Fh HAL A AME R e A

sion IT)\Io Blind No.  Variety name Convert 0,1 characters Matching variety ~ Real variety information Differential sites

1-1 15 ESl 1011100011111110101 HF RS 0
No. 1 Unknown Kanpei Kanpei

2-1 25 ESl 1010110011110110111 ANFIK AFIK 0
No. 2 Unknown Shiranuhi Shiranuhi

3-1 3% ER 1011111001111110111 T W, e 0
No. 3 Unknown Kiyomi Kiyomi

4-1 4% A 1010101001111110111 KEE PN 0
No. 4 Unknown Amakusa Amakusa

5-1 5% AREN 1111011100010110101 %% T 0
No. 5 Unknown Haruka Haruka

6-1 65 A 1110111100111110110 HAEUN AEIN 0
No. 6 Unknown Ehime Ehime

7-1 7% PNl 1011100011111110101 HF RS 0
No. 1 Unknown Kanpei Kanpei

8-1 85 A 1111100100110110111 SR BERR SR EG 0
No. 2 Unknown Jinqiu Shatangju  Jinqgiu Shatangju

9-1 9% A 1110111100111110110 HAEUN AEIN 0
No. 3 Unknown Ehime Ehime

10-1 105 A 1010110101111110110 BRFHRY BREHRE 0
No. 4 Unknown Murcott Murcott

11-1 15 A 1011110101011110110 N IR 0
No. 5 Unknown Orah Orah

12-1 125 AR 1111100100110110111 SR PERG SR EG 0
No. 6 Unknown Jinqiu Shatangju  Jinqgiu Shatangju

JEHINAPIC>0.5 BIFRIc N E 2 A1, M PIC<0.25
M A A 2 & D AT 5T BR chr1:29803181
(PIC=0.258) 41, Ho 42 7 AL AU PIC>0.3, £ % 5]
Y2 &0 R, Hob chr4:31281339 (PIC=0.643) A
AT 5REEEFF Indel brid % 7
e kAT 182 4% 2 FF M 43 B 45 SR A L (PIC=0.055~
0.450,~F{E 7 0.28 1) , AWFFLHI SV brid Z &M
o BBk, Nei's 5 K 2 #$:4£(0.492) 5 PIC & FL I 4H
B (0.393) K B 16 A i i Fil LA =y R AL 2
FEME s W% & FE P 35146 (0.625) iy T B 8 B
(0.508) , B Pk & FE v WESE T KA A B M
FECT BAEE S E R
32 16 FHHBRMEIBES R

R R A L TARIL S TS S A
W AL 1 ST AT BB AR AL AR B AT DA ok
AN[E) E BRI SR 0 RGN T 2RI 25005 T A A
7 5 3R B 0 T8 R AR A AT ST, R it
AR R RE, Hod B 2 1% RS 5t
(R ME 5 — 2 Wl 2 M S — 28, WD Bl & 91 %
RN —2 o AW TG R R A A 5

TR SV brid, 7B AL AL R %52 0.52 &b, K 16 4~ 4%
Moy R T RS, DS WL S ROASE AR IE &
(197 4~ HA S A CLEFIIE B IR SEEIE E 1 W.
BRI AN BR RIS TN — 28, I SRR R B
2 VEAIE B B TR DLON B Y R T R 3, 2R
Z NI, 2 B P EEE S BEE
I 1 SR HAEEMEER AN K. Hd, &K
WO BEAG I SR N B ] 2 AR VTR s BHOE 1 51 5 o
PEETE 2 AR VIR BB IO AR S Rk
R, =FHGHE RN R R 2R ZE R E .
BEAN, SRR PG 5 B 152 5 RS 3 B4 4R 4%
T RG R REOR ; A AW WS FE&S
PHYE 15 2 A il A A0 DR, S BKRD WA PG
15 HEHERINE A5 B
33 HFEHMIERE

FEGE 1) i b 5 5 5 1k R AR T R SR SR A
REAE , T B 00 3 AR T R TS RHIE . ABF RS
THAAT T 1640 2t i b 1) e B AR ZHHIR , o 535
NESL, MRS L, i B RS T N R R L B
I, R % IS, Z 80 R it 2 R . T
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P bR s AR AL, HL 5 52 PR EE DR 354, HE DAIX 43
LR RBOLM G > ThRic R %2 53
PRSP I BT F B, M T A% % 58 ik IR
H109, ZFARIE T PCRY W4 e S WA P51, H o
TG E DNA KTV L EW 2IAMEZ R, Bf
IR B RGE M RN, S R AR A ASHIE 72
RISV Aric i 8 X m 2 2514, B T 16
ANJ A SRR % o R BUIRRE R B KT & BN
SV ARMCH B4 1045 2, It N sz i 77 20K 4%
WG BN 01 FRFAE R, ALk RS S —
YERD, R T 14 AN M SRR 2 B O IE , T R
F M AR E . FE 16 AN 24 M S AR R, AR A
K535 WL IG5 R B 0% 46 141 8 AN SV ARG #EAT A 241X
550 84 SV FRICAL AUTE KR A L Hh 58 4 — 5L,
H W B S R COF ) IR FLIR G AR S 222
TEAR (B S A Z PR B A, R B TH A 7
TR EUESE 7 BA S ERIE RGO R, 18
fEE SRR EES. BUEE SR, E A
A BEAS , KOHEA 35 W5 81 42 R 35 NEAH 1 4258 )5
£, 2 W23 W5 F-2432 REM I 2238 5 AR . T
A JE T I GREA T R, 3 S5 BR SR 400 & L i
- [F] B TE I, 75 R FH B8 2 2 1) 43 F b i BA
[X 53

4 #Z B

AT FER 16 /> At b R (10 vy 391 2R PR R AT
T ARG T, I 3 TR 2 2 DR L0 e a0 3R
A SVARIL. ZUREH, BIRMIRZE R,
S LA it A 46 59 (4 R AR 5 10 8 X6 SV AR iC 51 )
HATTSEHL 14D FM AT X 7. 20
A% 2 FEVE I IR M 4l R AR WAl i b A% 1 5
ZREAE SRR E . fEREIEA B K 8 X SV AR
LAY I 45 R AN 745 SR i i IR AT AL 5 Tl
F 3 7 14 AN 28 M d B — JE ) DNA 23 5 5
E. W FTES RO At b Pl i 4 S b R OR3P S 14
T IIIBIARS A
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