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Abstract: With characteristics of few seeds and high content of effective components in the fruit, dwarf
habit, and strong stress resistance, polyploid plants plays an important role in crop and fruit tree breeding.
Licheng is a high-quality variety bred independently in China, which produces fruits with mostly monoembryonic
seeds and a few polyembryonic seeds. So far, there are no reports about the polyploidy of this variety and the
heterozygosity of its monoembryonic seeds. In this study, the screening, and genetic identification and analysis
of polyploidy were carried out using Licheng as material. Two triploid and one tetraploid plants were selected
by flow cytometry and chromosome microscopy from seedlings grown from naturally produced monoembryo

seeds. Through the analysis of polyploidy by InDel markers, it was confirmed that these polyploids were grown
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from sexual embryos, and the proportion of homozygous loci was high, which may be caused by second meiotic
division restitution ( SDR ) and post-meiotic genome doubling ( PMD ). Polyembryonic/monoembryonic
molecular marker ( MITE-P2 ) analysis showed that the clear short fragments and fuzzy long bands obtained from
the genomic DNA amplification of Licheng may be related to its ability to produce polyembryonic seeds, while
the clear short bands only, obtained from the genomic DNA amplification of the three polyploid progenies, may
be due to their inability to produce polyembryonic seeds. This study indicated that the proportion of polyploids in
the progeny of Licheng was high, with sexual polyploids obtainable from the monoembryonic seeds of Licheng,

and monoembryo tetraploids obtainable from the progeny of Licheng, which provides an important reference for

breeding of polyploids and monoemnryonic tetraploids with Licheng as the parent.

Key words: Licheng; polyploid; InDel; monoembryony; polyembryony

ZAEREA KAE TR DL AR & =
BHEREAL Ui PR SR 2 FEVE Y B A ke 8 24
S ERI e S v S R iAo W 1 1 A A L N =
Fh S B US TR R, U HOE Kt A i 2
R A T 32 55 B, R R AR BT i D R R 5
UL T FE AR RE, SR, BRI AT A5
B XA I 2 A5 R AR — 2 1Y £ TH S R
AR 20 el 70 AEARTRE TR A A LSRR
v T U BRI A Rl T A R T BR
PR Btk AL , Be A4S A AR e = AR iR
IR Z A5 R AT g, (H H AT A AR WG T 3488 2 4%
RBRAE . SEERXLI e B, AR ] AR R
Z B, P 0 5 DR 8 22 AR AR B SE 0 . I
Fhep e 2 A MW R TR R EERAE T,
T BT E o TR AU (Y 35 R B2 B A 2 22
WA T EEHEA T AT

InDel ( Insertion/Deletion ) F75 ic J2& & F 3 PR 41
[ 7 4 b e A [R) /N R e B i 4 A B
Bk A TIF R 094> THRic . B 3L 4N
GYAR)T VR B R S ARE AT A I AR KR
SEAR Y. ERT, InDel ARICTEKRE 5 0 gk
AP R SR e rp R A
YES B R, F BT 2280500 SR 4k
LA e RS W nT DU TR 28 e . SRFh
ey il araey iy R S T AN N Y U N S A Y s
() FE 7R 22 5o 3 vh RO B 27 5 fE ARG 0F 5 i
O KB, M IR R LM TS
THEP AR 2 B AR CE B AR R L AGH
3 B B AEAR R AR ) B A LU R 9.39% (8
B )~ 99.17% ( [HIZLFFHT ). Wang 257X AL
RSN AT AT T IR AT, B T S5 HE 2 006
6 P8 f v W JE R ( CirRWP ), 31 HF & T REWERf 48 5

EZ YN S NP BT e s TR

AWFFELLALRE (2n=2x=18 ) N HF K, b F 7 28
91 it A G AR € R I FOW SRk T L B
14 S A JE AR R i 5 Z2 A8 4R, $E 17T A InDel 43
WM B Fhric X S AT 0, DL
ZAGRI P A Ae (A JobE), IR0 T A
ARSI LAY, ABIFTY R ARS8
MR AN AR Ad A AR B IL 2 2%
1 #Rl5RE*®
1.1 R

A5 T AR R H 5 PR T AR BB AR 9 T
TLENARG T ¢ U AR rh AME 1 B4 . T 245K
T A AT BT AT R R BLRE B AR EE R 11 A
A5 AR CTRTARBLRS S A i & AR ). hikk e fe
PP FEAE LA S R AE RS 5285 A 7 T LA L, BUR
Pk B AL DX Sl e SRS 3 SO A AR 5 HCA i o 1) R
BIFE 30 m DAL, SARSR SR 3 ATHERRIIE S,
XoP RS K FL T AR A DR RS 7 20, R LR
JUR S D A 22 R A A AR A R SR X i
1.2 BEERFMFHEZERSEEFE
121 FRRAEARFE SPGBk
FE IR DAARAS S xof BR, Ot =X 40 P A ( CyFlow
Cube 6, Partec, Germany ) Xf Z4 18 PR 1 85 & 5
FIEATREE AT, BT IR AR AR L 308 RIR: e iy i
F, PR 2R IR AT UL A A T . FREON R R
DR A 452 100 mg it T 8DRRFIILH A ZZ il
100 WL, FHEH T B A PRIIGE LIRS, FEAA 900 L
GE, R ARG IR AT o TRAEWGT 30 wm I, BB
WA TTCRR A0, A DAPI J 43 : 50 pL (5 pg/mL ),
FIALES BLERE AT IR , 4°C #EEYL (S 10 min J5 L
BRI
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122 FEEBHME UL LAR S H
TE N AR IREAR A ) B AR SR s AR 2552,
R ERERS - JOE TR . RS (3%
LR +1% BHTHE ) THEEFE 1.5 h, G KIS TS [
FE TR EAEIT MG TR . 5% 5 =Y o 5 ke
1.3 SFErigsh

1.3.1 InDel #Ri2 43 47 (1)PCR " 14 K Hi K K6
W SRk B CTAB ¥ #E4T 5L [ 4 DNA (42
I, PCR ¥ 41K 2 FIALEFF 2 I o [l 15 45122, PCR
PIGIR R ] 20 pL, HorP 45 1 L DNA BAR, #5
0.5 wL 1F JS2Im5147, 2.0 pL 10 x PCR buffer (Mg”™"),
0.3 wL dNTP JE A, 0.2 pL Taq DNA R4, LA

&1 374 InDel iL= % PCR ¥ E35]41
Table 1 37 InDel loci and PCR primers

3R % B TAKARA A 4 BHE A R A 7l (K
), PIEFEE M. 94 CTAL M 2.5 min; 94 °C A
P30 s, 38 K 30 s (AR A 6] 51 915 3R KOl ),
72 CIEAH 30 s, 35 A w5 72 °CIE 10 min,
16 CH-AF

6% 11 3E A2 P 5 VN s ot B 5 I o B3 4 3 7 00
230 V HLE FHLPK 50 min, 4RYL (45 , BUCEAE PO
W AR AT,

19 R T & 19 AL RS InDel brid, 211 37
XF, iz ic B ae kil 1 AU i 4 67 A8 5 (FE DL http:
//doi.org/10.13430/j.cnki.jpgr.20201222004, [t & 1),
HRFEE 1,

EIL7/E e VN SR AT Sl st EiE7) NS 1
Prime No.  Location Reference genome sequence Licheng sequence Forward prime Reverse primer
chrl-2 3638793 CGCCGTTCTTTGCC C ACACTTCAGCCCTT CTTGAAGCCGTGC
AAAAGAGCA TTCGAG GAATCAG
chrl-3 4149024 GAGGAAGAGATTC G AGGAGGAAACGGA TCTATTGCCAGAG
GGATAATGA CCAATTG TCAGAAGA
chrl-9 17163484 T TAGTGATCCTAGC ACCACAGACCAAC CTGTGGGTACTGA
AATCTTTTG AAGCTCT CATCGCA
chrl-12 20908971 GCAGAAGCTGGA G GGCAAACGGACAC GCCCATGGAAGC
CCCCAACAAC AAAAGCT AGAGAAAG
chrl-13 24506768 CGCGATCAACGCCAGC C GTCCTTCTCGCGCC AGATTCATCGGA
AGTTCGATGAATCTGA AACTAT CTGCTGGC
CCAGCAACCTCAAATTA
chrl-15 26941701 AATGTATCTCTTGA A TCGTTGGAGACCTC ACGGGAGGGAAC
AAACATCTCTTGTT TTGAGC AAAAGTTAC
chrl-16 27193680  GAAGCTGTACTCCAGCT G ATCAGGAAGGTGTG CTCAGACCTTCCC
GGGACCCGAATCCTGA GTCTGC AGCCCTA
chr2-4 8582487 T TTTTTAGCAGCAC TCTCTCGACGATTT TTGCATGGCTGTG
ATTACAAAAG GGCTGC TGTGAAA
chr2-8 16568682 CGAGCTTGCGATAA C AGCTTCTCATCGTT AGACTGATTTGGA
TCATCTTGAGAA CGGCAT GACGGCC
chr2-9 18824807 GAATCAACAGAAA G CTTGACCGGCATG CAACAGTTGGCAA
TATTACGAACAGC AGAGTGA GTACGCT
chr2-21 30587915 TTGCTTGGATTTGT T TCCTTCCACGTGC AAGGATGAGCAAA
GTTATGAATCCTGTGATAG ACCAAAT TTTGGGT
chr3-1 2299960 ACCTGGTGGAGTAG A CCCCAAGGCTACC CAATCTCTTGTGGC
CCCAT AATACC AGTGG
chr3-13 19760834 TGTAAAAGAAAGCA T GGTGACCCCAGAA CCTGATTGGTGAG
ACATCACATGAGTTC AGCTACT CTTGCCT
TAACTTATAAACAGACAC
chr4-1 877477 TGAAGATGAAGAA T GCGAGTTGTTAAG ACGAAAGAAAACA
GAAGAAGAA CTTGTTGGA TGGCTTCGA
chrd-4 3185246 ACTGCTTGCGCCACAT A GGTGCCACTAGAC GGAATTGAGTGCAT
AAGGACA CCTAGAT
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Prime No.  Location Reference genome sequence Licheng sequence Forward prime Reverse primer
chr4-7 4556280 TCAGAGCCACCAGCCA T GGTAAGCCCCTTC AACTTGTAGTCTTG
GGAAACA GCCGGC
chr4-9 5906298 A AATGATGAACATG AGGTAGTGGCCAA AGTTTCATGCAGTC
AAG GGTGTTG ACTTCCA
chr4-10 6249144 TCGCTGTTCCGTCC T CTCGGCGGATTCT ATCGCCCGTGAACT
GCTTCCGC TCTTCAA GCATG
chr4-12 7412831 T TGATACAACTGCC ACTTCTCAGCAGT CCACTCAGGTTACA
TTGTG TCCCTCA ACTTATCA
chr5-1 2604743 T TCAGATAAACAAT GGCCTCCAGAAAC TCCTGGTCATCATC
CAGATGCAA CGCATTA ATTGCCA
chr5-2 2855406 C CGACAGAGACAG GCTCAAGAAGAA TCTGTCCCTGTCTC
AGACAGA GCCTAGCGA GGTCTC
chr5-3 4041137 ATGACCATCACC A CCGCTGGCTAACA CTTTGTTGTTTTCG
ATCTTTC AATCACC GGCGGT
chr5-5 4429326 G GTTTGATTACTGTCA CACTCACAGCTTT TCCATCCCTAACCA
CAGATAATTAAAACA CCCACGA AAGCCT
chr5-6 5547657 TGATGAGGAGGA T AACTGATGAGGAC CACTCACACTGCTT
GGAGGAG TCGGGGA GAAATTGA
chr5-13 25831030 GAAGCACACGAG G TGTTCCCTGGATTC GCTGCAATGCTCGT
AACTAAGGAATAT ATAAGACT AATTATT
chr5-15 27316132 C CTGGTGGAGGAAG GCAGCTGGTGGAG GGGATGGAGAAAG
AACTCCAGGGGG AAGAAGA TTCGGCA
GGT
chr5-16 28252979 AAATGATTTCTT A CGGCAATTCATCTC GAAGCCCATCCCAG
GGATGTG GTTTTGGA TCCAAG
chr5-19 29678005 CATAGATAGAGGC C AGTGGCCGTTGAA TCATCAAGCCCTGC
AGTACCGTCACAA GCAAATG AAATTACA
ACAAGCT
chr5-22 31922587 GCGTACTTTCCG G GCTGTTGGTAGTA CCCCGCTTCTTGGC
TTGCTCC TGCTAAGCC ATATCT
chr5-25 35348710 CCGGGGCCCGATTC C AGCGTGACGATCA CTCCGCCAGATGAC
TAGGGCTTCGGAGG GAGAATC GTAGC
chr5-26 35405110 ATATTCCAAACCCT A TCCAAAACCCTAA CGTCACCATAGTTG
AACCT CCCTAACCC CCGGAT
chr9-2 2646400 A ATTAAAAATATCC ACCTTCTGTTTGAT CAAAGTCAGGAGC
TCAGAAGAC TGCTCTAT AGGCGTA
chr9-3 2952372 T TGGTGTTATTCCA ACCTCTGCACAAG GCAACGTGGCCTT
ATTTTA TTCCAAGT TGACTTT
chr9-4 3230138 T TGGACATGGACG ACGCAGAGGGTTT ACCAAAACCTTAA
GACAC GAAGAGG AGCAGCACA
chr9-8 5716319 ATTTGTTTGTGCTT A TCGAGAGGCAAA ACCGACGACACAC
TTCGAGC GCAAGAACA ACACTTG
chr9-14 13013303 A ATATTTAAAAGAA GTGAAGTACTGAT ACAAATCCACCAA
AAGCTACAGTTGG CAGCGAGA CACTCTT
chr9-15 13141512 A AATGGTCATGTTG GCGTGGGAAATTT TCCACGTACCCCTT
ATGAAGGTAGGG ACAGTCTCT TTCCTT

AATTTG
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Table 2 Analysis on polyploid progenies from single embryo
seeds of Licheng by flow cytometry

DNA X} & i FE b

e G1 ] DNA & hFy . iun

) Relative content of 5%
Material {H Mean G1 .

DNA Ploidy

4" 13205/20183 142.01 3x
66" 13115/19680 152.84 3x
15* 13199/25655 202.75 4x

25 e (0 1 88 SOWL 48 R R T RCR A, 47
66" Y (A RE H 34k 27, = A5 RR B 157 iy g2

ot BRA 2 0%, Fo g5 o 15T AR AR i GIREE D 36 2% MUt AR R
A B
300 ¢ 140
280 f 130
2 260 =120
S 240¢ 3110
5 220F 3100
5 200F 5 00 M1
£ 180¢ M1 M2 E 80
S 160¢ El
5 140F s 10
Q Q
£ 120¢ £ 60
& 100F g 0
& 80¢F & 40
= 60l = 30 M2
F 40f F 20
28 3 . bdhatal » » X ]8 TR W TTRRTIN N U)W T Ry W
0 16384 32768 49152 65536 0 16384 32768 49152 65536
DNA G5 AR DGR EE DNA G5 (RS DGR
The relative fluorescence intensity after DNA staining The relative fluorescence intensity after DNA staining
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A 66" the results of flow cytometry, B: 15” the results of flow cytometry, M1 : Peak value of the control material Licheng ( 2x ),
M2 Peak value of the tested sample, C: 4", 2n=3x=27, D: 66", 2n=3x=27, E: 15", 2n=4x=36
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Fig.1 Results of identification of polyploid progeny
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T S 2 2R S Y R R e 4
R—3, B2 64 BRAUE SRS AR AT 2 Bk =A% IR
(K 2A.B), | BRPUfEA (K 2C), 61 #R A%k, £
FEAR LB 4.69%

A: =fER 47 B: A5 6675 C: DUFFA 15
A Triploid 4", B: Triploid 66", C: Tetraploid 15"
B2 KERBHEEE
Fig.2 Identified polyploids

a#

2.2 ZfE(K InDel HFHRICY LR

Xif InDel A1 ic (14 53 F- K6 45 SR A7 Ge 4 #r
37X AE 3 S ZAG RS R 41 DNA i34 40 3
FhaAs 4 B A B B RN AB B, A [E AR 4l
TRA LT B RR (F3.563), H 4"y
A B4l A 9, B B4l A 4 4 4 4, AB Al
TR AL 244, 4l A AL Y H BN 35.14% 5 66
s A B Al A A 54, B4l A A 5 A,
AB B A A7 A5 27 A, 865 7 A ik F] 27.03%;
159 3 AT 4l A 7 94, BRI 4l A 7 s
144>, AB B 2R & 03 55 14 A4, 4l 4 7 5 H 191 5k 3]
62.16%.

AL UL R [R] 2 A5 AR R 24 BT AN TR B4
i, A — e U A SR T s,

66" 15#

M123456789101112131415 M
250 bp Vi P - :

100 bp

1112131415 M123456789101112131415

M: Marker; JlZI&] 7 FHEECT 47,667, 157 PR S s FHEECT 0 MG 15 LI, 48513908 15 4> InDel A3id
M: Marker, the numbers 4”, 66" and 15" on the top of the glue map are the sample numbers, the number in the lower row is 15 wells after M, which
respectively represent 15 indel marks, 1: chrl-9, 2: chrl-12, 3: chrl-13, 4: chrl-15, 5: chrl-16, 6: chr2-4, 7: chr2-8, 8: chr2-9, 9: chr2-21, 10:
chr3-1, 11: chr3-13, 12: chr4-12, 13: chr5-19, 14: chr5-22, 15: chr5-25
B3 ZEAREREELZS DNA InDel #R12 PCR 7= 095 7 6 Bt AR 5E A PR vk BB 1
Fig.3 Polyacrylamide gel electrophoretogram of PCR products amplified by InDel markers
from genomic DNA of the polyploid plants

&3 37 % InDel 5|15 B &M H 5B

Table 3 Genotyping of the polyploid by 37 pairs of InDel markers

51945 A ZAiifk Polyploid B Hips 245k Polyploid
Primer No. Licheng  4%(3x)  66°(3x) 15°(4x ) || Primer No. Licheng 4(3x)  66(3x) 15%(4x)
chrl-2 AB AB A A chr2-21 AB AB AB AB
chrl-3 AB AB B A chr3-1 AB A AB B
chrl-9 AB A AB A chr3-13 AB AB AB AB
chrl-12 AB AB AB B chrd-1 AB AB AB AB
chrl-13 AB AB AB B chrd-4 AB AB AB B
chrl-15 AB AB AB A chr4-7 AB AB B
chrl-16 AB AB A AB chr4-9 AB A AB A
chr2-4 AB AB AB chr4-10 AB AB AB B
chr2-8 AB AB chr4-12 AB A AB A
chr2-9 AB AB chr5-1 AB AB AB AB
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®3(%)
B Wy FUfs ZA%IAK Polyploid alg e AL ZAEK Polyploid
Primer No. Licheng #(3x)  66°(3x) 15%(4x) Primer No. Licheng 4#(3x)  66°(3x) 15%(4x)
chr5-2 AB AB A AB chr5-26 AB B AB B
chr5-3 AB AB AB AB chr9-2 AB A AB AB
chr5-5 AB AB AB AB chr9-3 AB AB AB AB
chr5-6 AB AB AB AB chr9-4 AB AB B AB
chr5-13 AB B B B chr9-8 AB B A AB
chr5-15 AB AB A A chr9-14 AB A AB AB
chr5-16 AB AB B B chr9-15 AB A AB B
chrs-19 AB AB B B A BT AR Number / 9 5 9
of A type band loci
chr5-22 AB AB AB B B A i ik Number / 4 5 14
of B type band loci
chr5-25 AB AB AB B AB i/ 5%tk Number 37 24 27 14
of AB type band loci
KRBl A BLRBOl oy B, MR BLIC N AB
The long segment is marked as A, the short segment is marked as B, the two-band type is marked as AB
23 B/ BERRCY ISR 3 Wi
LA TR IE MITE-P2 8 (R 4 5LES 1 T 52 v
P LA AR TR e AR A I 2 A5 R SE I 41 DNA 17 3.0 RERUZEENEE

YU, SRR IR A R AT K A% A
o, U0 TR RE D 3 1 1 2% S, ZLRE I nl 7 3
H— 2R T I A RSB ) A (T 4), X AT RE5 B
FE Z WA T )7 A A 5 BURE IR 11 K Jm
P47 15" 1 66" XL 1 v I (9 98 BE, R LK
FrB L, ATRERX 3 AR AR O LM T4
LIV

M v S L 4# 15#

66"
1000 bp

750bp crr
500 bp e .

GRS D G G D  S—
250 bp —

M: Marker; V: IR ER, S Vb HIH, L. 5U48, 47 4 SHEN,
15" 15 "5 HF 5 66": 66 SR . L1 EJITHE 7~ AL
FEIHZ] DNA §88 H (BU A
M: Marker, V: Citrus sinensis ‘Valencia’ , S: Citrus grandis
“Shatian’, L: Citrus sinensis Licheng, 4": Sample No. 4, 15"
Sample No. 15, 66": Sample No. 66. The red box indicates
the fuzzy long segment amplified by marker MITE-P2
from the genomic DNA of Licheng
B4 #RIE MITE-P2 X REHE M RIRIY EER
Fig.4 Amplification of different citrus
materials by MITE-P2

BRG] LA A B R Pt AT DL A Z AT
S FAMESE R @R , MITE-P2 FRic X ALE 3t P 4 f
TP 3G, AT LAY BG4 . Xl R 5 AL
R Z IR 17 G G A R R SR A . A
LT HI InDel ARic 7E AL BRI 20 rh 4y Red 4 1h 2y
A, MR BT A BB 24 G5, Ui
G R AT 43 B S UESE T AR A5 B A5 A2
AR, AR TR . 37 XF 2 MG X} AR T
ez, JE AR A I R B A, HA 28 AN AE
JE AR A A T 43 B, 35 BORE s BB ] DX g 2R
SO, R XIS Ty A H A AR bR
h A

A AT R A 25K 2n i F % 1)
R, A A 7 S 2 B IR A 2 0 v e B A 2,
FLE A G Z A5 R 35 i EE sz —% 2n
BeF AT FEIREL R AN B R AR AT DAar
55 1 A SR INAS ( PRD, pre-meiotic doubling ).
1 RSB 2442 5 )5 ( FDR, first meiotic division
restitution ), 55 2 UK ik %% 53 4% & )5 ( SDR, second
meiotic division restitution ) LA M 2 2 YIS 24 )5
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Jn4% ( PMD, post-meiotic genome doubling ), PRD
FDR 253800 2n FC ¥ 19245 B2, Horp FDR A g4y
i J5 AR IR AR 1 2 2% 5 47 45 ; SDR A1 PMD ™~
A 2n BeFAEE AR A ARG, i o AR B e AR 3
R AT 37 15 R Sl 3205, ARBIESE R 2 A3HA Y
ali S s LA, 2n BCF B AE AL e i s B
/. AT HEf/EF SDR #l PMD,
32 REFAHSEENEATR

AR EARZ R, B E R AR
o3&t AR R TE R B T () PR R
AU R MR AR S ARTT & IR AT, T
SAG RN A S Pl Safor oK, L FE R L B &
SEARS ) AT ST Garbi R TCHEAL , A 1
A ) R AR O S A R i A
ISCREPERE I A, RS T 10 AR i A 9 =435 44
POfE AT RN . A A ST T — b v A
R BT R T 22 IR A DU A
RUFE IR E B F R ETRS fF, AR ILZE
FEARI I & B i o B4RE SR HF (A A i 2
oA B it JBT | AT DA R At P R FT BB 2 i 25 5
A SRS T AT R A T 2 A A, H L3
(4.69% ) NEREA S AR R A 5E , WP BESRAR 2 A%
Ko B ZARF AR TSR T — A
Mg, I H ARKER =AM T &
JE RO TR E DUAR AR R A A 5 ok e T AR LS
FERE R B PRI , S5 RE A S Rk 2 S e A

TEZAR S AR US4, B ATRE ™ AE SR
R T B DA R S AR AR A AR RIS
B AR AR B 1 DO A AN AR BT B R A T
ATREME, HZ AR 7= AR 10 DU AR 1Y JE R 41 DNA 8
MITE-P2 73 FAricy 15, R WIS RIBAE Y1 ) s
RIHHT , AT REIZ UG (4™ AR R 2 FRE

Sk
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