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bstract: [ Purpose] Plant polyploidization is the evolution of adapting to environmental changes
and protecting their own population development. The polyploidization of kiwifruit will double its
chromosome number and affect the structure and function of its genome, thereby enriching the
genetic diversity of kiwifruit. To comprehensively understand the chromosomal ploidy and

genomic characteristics of polyploid kiwifruit germplasm resources, and analyze their systematic
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evolutionary relationships in kiwifruit. [Methods]This study analyzed the chromosome ploidy of
AcD2301 (Actinidia chinensis), AcD2302 (Actinidia arguta) and AcD2303 (Actinidia valvata)
with reference to the diploid Actinidia chinensis Hongyang. The samples were analyzed by flow

cytometry on the CyFlow Space flow cytometer after being lysed by CyStar UV Precise P kit and
dyed by DAPI fluorescent dye in the dark. The total genomic DNA of kiwifruit was extracted by
CTAB method, and then electrophoresis was conducted by 0.8% agarose gel. DNA quality was
detected with UV spectrophotometer. Use the second-generation sequencing technology Illumina
NovaSeq sequencing platform to perform double end sequencing on the sample library. Use
software such as FastP to view the distribution of base quality, average error rate distribution of
reads, and base content distribution of reads sequencing. Filter the raw data with adapters and
low-quality reads to obtain high-quality sequences, and compare them with nucleic acid databases.
High quality sequencing data was generated using Jellyfish (version 2.3.0) software k-mer19 to
generate K-mer frequency tables, and genome size, heterozygosity, and repeatability were
estimated using the GenomeScope 2. The next-generation sequencing data of kiwifruit, which
have been published in the NGDC and NCBI databases, were compared with the reference
genome Actinidia chinensis 'Hongyang' v4.0. SNP calling was performed using GATK software,
and the Maximum likelihood algorithm in fastTree software was used to construct phylogenetic
trees of 15 kiwifruit species, including Actinidia chinensis, Actinidia arguta and Actinidia valvata.
[ Result ] The samples were subjected to flow cytometry analysis, and the peak values of the
diploid 'Hongyang' kiwifruit were compared with the reference species. The chromosome ploidy
of AcD2301 and AcD2302 were both tetraploid, while the chromosome ploidy of AcD2303 was
hexaploid. The subsequent genome survey analysis results were consistent with this. The total
genomic DNA of the sample was extracted by CTAB. After being detected, the AcD2301,
AcD2302 and AcD2303 gene DNA were sequenced by the Illumina NovaSeq sequencing platform.
Sequencing yielded raw data of 162.91 Gb, 139.74 Gb, and 142.44 Gb, followed by filtering to
obtain high-quality data of 160.64 Gb, 138.16 Gb, and 140.73 Gb. The sequencing quality
assessment showed that the Q20 and Q30 values of AcD2301 were 96.95% and 91.91%,
respectively. The Q20 and Q30 values of AcD2302 were 97.09% and 92.07%, respectively. The
Q20 and Q30 values of AcD2303 were 96.80% and 91.43%, respectively; The GC contents are
approximately 37.20%, 36.77%, and 36.15%, respectively. The sequencing data quality values are
all greater than 35, and the base error rates are all less than 0.045, indicating that the genome reads
have high quality and can be used for subsequent analysis. Randomly select reads from the
sequencing data of AcD2301, AcD2302, and AcD2303 and compare them with the nucleic acid
library (NT library). The results show that the randomly selected reads can all be compared with

the genome of kiwifruit plants, indicating that there is no contamination in the sequencing data.



Through K-mer analysis of the kiwifruit genome data after quality control, AcD2301 estimated the
genome size to be 626 Mb, heterozygosity to be 3.00%, and repeat sequence ratio to be 43.70%;
The estimated size of the AcD2302 genome is 668 Mb, with a heterozygosity of 3.30% and a
repeat sequence ratio of 45.30%; The estimated genome size of AcD2303 is 585Mb, with a
heterozygosity of 8.06% and a repeat sequence ratio of 40.7%. In addition, the support rates for
homologous tetraploids of AcD2301 and AcD2302 were 97% and 96.7%, respectively. To analyze
the evolutionary relationship of kiwifruit plants, SNP sequences were screened from the
second-generation sequencing data of 15 kiwifruit, including AcD2301, AcD2302, and AcD2303.
The Maximum likelihood algorithm was used to construct a phylogenetic tree. The results showed
that the 15 kiwifruit plants were divided into three major evolutionary branches, with Actinidia
chinensis AcD2301 as an independent branch, Actinidia chinensis 'Donghong' as another
independent branch, and the remaining 13 kiwifruit species forming one evolutionary branch.
Actinidia chinensis var. deliciosa in the third evolutionary branch is a small evolutionary branch,
while the other 12 kiwifruit species form a small evolutionary branch. For the latter, Actinidia
hubeiensis is a separate group; The remaining 11 kiwifruit species are grouped together, with the 6
kiwifruit species in the net fruit group clustered into a small evolutionary branch, while the 9
kiwifruit species in the remaining branches are all part of the spotted fruit group. From this, it can
be seen that AcD2302, which belongs to the net fruit group, is closely related to AcD2303, and
both have evolved independently from AcD2301 in the spotted fruit group. [ Conclusion] The
chromosome ploidy, genome size, and phylogenetic relationships of AcD2301, AcD2302 and
AcD2303 were analyzed, providing reference for future polyploid kiwifruit whole genome
sequencing and theoretical support for further research on kiwifruit polyploidization and
phylogenetic relationships.
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Table 1 Sample collection information

GREAR N 5 KA 5] PRSI
Sample name Sexuality Sampling time Sampling site
FEEBREBE AcD2301 Ut Female 2023 4 5 J S BB T
Actinidia chinensis AcD2301 May, 2023 Guiyang, Guizhou
BABRIEBE AcD2302 #ff Female 2023 45 A SN A LR
Actinidia arguta AcD2302 May, 2023 Guiyang, Guizhou
KBRS AcD2303 PitEAE 2023 4 5 H SN
Actinidia valvata AcD2303 Bisexual flower May, 2023 Guiyang, Guizhou
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Table 2 Kiwifruit plant species name and Latin name

i [ES T SRR Bt AR
numbering species name Latin name data sources
EMIEET
AcD2301 HRARRAE R Actinidia chinensis
Self-test data
EMIEEn
AcD2302 AR Actinidia arguta
Self-test data
) EMIEEn
AcD2303 o ARk Actinidia valvata
Self-test data
CRR635714 PR B AR 4L Actinidia chinensis var. Donghong NGDC
CRR635715 i I R Bk Actinidia latifolia NGDC
SRR3543582 SRR Actinidia chinensis var. deliciosa NCBI
SRR18177732 WAL BRI R Actinidia hubeiensis NCBI
SRR3723918 WL BB Actinidia zhejiangensis NCBI
SRR3705798 HE R Actinidia fulvicoma NCBI
SRR3705797 BAEBREBE Actinidia eriantha NCBI

SRR3723917 L AL BRAE B Actinidia rufa NCBI



SRR3407085 AR Actinidia arguta NCBI
SRR3474219 BB Actinidia polygama NCBI
SRR3474216 KFF BRI Actinidia macrosperma NCBI
SRR3474220 o Ak Actinidia valvata NCBI

F: EFRAEWE B AL (NGDC, #[E ). National Center for Biotechnology Information (NCBI, 3D,
Note: National Center for Biotechnology Information ( NGDC, China). National Center for Biotechnology
Information ( NCBI, USA).
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Fig. 1 Kiwi polyploid flow cytometry histogram
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Table 3 Statistical table of genome sequencing data

P AcD2301 AcD2302 AcD2303
& Reads %
1078845806 925411346 943316252
The total number of reads
162905716706 139737113246 142440754052
Total number of bases /bp
185 Reads % 1067883632 916913380 934022544
o J8 )5 B8 bp 160639029587 138162662210 140726147170
Q20 rate/% 96.95 97.09 96.80
Q30 rate/% 91.91 92.07 91.43
GC/% 37.20 36.77 36.15
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Table 4 NT comparison results statistics

YiFh4 Species name AcD2301 AcD2302 AcD2303
reads $/HL =R reads £/ 3 reads £/ 2

The number of reads / ratio  The number of reads / ratio ~ The number of reads / ratio

HFAERIERE Actinidia chinensis 865/8.65 636/6.36 445/4.45
W Camellia sinensis 214/2.14 188/1.88 183/1.83
ARk Actinidia arguta - 296/2.96 -
INHRAERE Actinidia lanceolata 138/1.38 144/1.44 108/1.08
B ERE Actinidia melanandra 85/0.85 - -
X EEERERE Actinidia valvata - - 101/1.01
LB R Actinidia rufa 68/0.68 101/1.01 67/0.67
FHIEF Diospyros lotus 45/0.45 46/0.46 -
BANERE Actinidia polygama - - 61/0.61
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Table 5 Estimated statistical table based on 19-kmer genome information

FKA Type AcD2301 AcD2302 AcD2303

K AN 551 19 19 19
Sequence of K bases

K-mer 4347 B [ I 104 85.8 67.6



The peak of K-mer distribution map

&4 ¥ Heterozygosity/% 3.00 3.30 8.06
FE K KN Genome size/Mb 626 668 585
HEFHILG 43.70% 45.30% 40.7%
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A A H5dfE 160.6 138 141
Amount of data used /G
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In the construction of phylogenetic tree, the published next-generation sequencing data of kiwifruit were downloaded and used, including
Actinidia chinensis Donghong, Actinidia latifolia ( https:/ngdc.cncb.ac.cn); Actinidia chinensis var.deliciosa, Actinidia hubeiensis,
Actinidia zhejiangensis, Actinidia fulvicoma, Actinidia eriantha, Actinidia rufa, Actinidia arguta, Actinidia polygama, Actinidia
macrosperma, and Actinidia valvata ( hitps://www.ncbi.nlm.nih.gov/).
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Fig.5 The phylogenetic tree of kiwifruit plants
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7~ B IR 2R /NBON AR, AcD2301 24 626 Mb. AcD2302 2 668 Mb. AcD2303 K
585 Mb, HRLE 600 Mb £-A7, fH 3 PR ZH A4 /N SCHR T-A [ f) P o 55 5

e R 261 S 38 ) AR )R FR 8 2 R G R LIS AL 1 2 DA R PRI DA, et by
R G T DL O R SR 2 06 R AL TR, AR AUl UPGMA R 2K i 43
BB B BRI S 1 SR R BRI SR 2 00 RBUE Y, I H 5 1 SRZH R Bk
SRR Z BT P,  F I HE I [R5 B A OB R SRR Bk R 250k R, I35
BB AR SE & O RBUT . AT TE R £ BRI JB A R G A, EBA TR
BRAERE AcD2302 S50 ER R AcD2303 SEZ 8 R, HIHE HAEBEN AcD2301 J457
HBEAGTI SR E5 S — 3, e IR b kA G 2R % 56 TR 2B 1Y 9 7E 25 8 B 5 Al
4 4 W

FAERERE AcD2301 BABRERE AcD2302. ST EBRERE AcD2303 (14 Ak (54 43 5
NV DURARFI NS4, A BRI Fr Al 28 2R — B BT R4 survey 23 H7 T3
ZE R KN 508 626Mb. 668Mb. 585Mb, 424 4N 3.00%- 3.30%. 8.06%, HEE T4
EL ] 43.70% 45.30% 40.7%. SNP ZGE Bk A0 R L PCLBRBERE AcD2302 5 %) 2R f Bk
AcD2303 SRR R BT, HI95 T ERENE AcD2301 2T K .
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