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Abstract: Sweetpotato is an important crop, and it boasts numerous wild relatives that possess abundant
genetic variations In this study, a comparative genomic analysis was conducted using two publicly available high-

quality genome of sweetpotato wild relatives. A total of 1798184 single nucleotide polymorphisms (SNPs)
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covering the whole genome were excavated. In additions, 2076 translocations and 84 inversions were detected.
The inversions encompassed 2106 genes. Enrichment analysis showed that these genes are mainly enriched in
pathways such as the biosynthesis of secondary metabolites. Among them, the breakpoints of 34 inversions are
located inside the genes and may affect the structure of the genes. There are 10226 insertion-type and 11411
deletion-type structural variations (SVs) between the two genomes. We annotated these SVs and conducted gene
enrichment analysis on those SVs that may affect gene function or expression. The results showed that these
potentially affected genes were mainly enriched in pathways of secondary metabolites. Genes related to functions
such as DNA repair and replication were enriched. Through the statistics of the synonymous substitution rate (Ks)
and fourfold degenerate synonymous site (4DTv) of collinear gene pairs of two wild species and other related
species, it was indicated that the common ancestor of the genus Ipomoea differentiated into different species after a
whole-genome triplication event. The above research will provide strong support for the excavation of excellent
variations in wild relatives of sweetpotato as well as for species differentiation.

Key words: sweetpotato; wild relatives; comparative genomics

TEMRI BRI G20 5 F W . A E R B, AT LR E R I
AR R R M E MR, T ORI R VR A IR it o A S B
[Ipomoea batatas (L.) Lam.J2 B E AR TR DAL RRIRIEYD, Hmr=T @ mrete v E
EHEF AR e 7 EER TR T E Y K LR TEAERE (Convolvulaceae)
#¥JE (lpomoea) H#EH (batatas), HEJEMWE 74 800 MiaY), EHEAERHH H KK
J&, R EY R RN —, AR IR T EE R EE. Kb
FERHEAAE T4 16 MFh, XM R 5 HERE R ARG ER, K
R, WA T AR AR, XY ae 2 E R T F RIS, Hrh
=T AEAE (Ltrifida) AIEREHZ (1. cordatotriloba) )@ T H 2 414 A~ 8 21 B 4=
iRz ULk

ZHRRE A RO 1) FOANRHE R AR efte —, 2HEIMLHITR
T S RIERYIR, Hrh S TARERION R . Bz S ERORM, TR R A S
HERSL, WBERIEIEALTHE . FAE 1975 4F, HAAZ A SRR ttr 5500 fh st
PR3, BARB T mvek . @, JLELIURImA “mE” B HHE T ERE D9
LAO, TRERR It R RFIT R R AN AL E R AR, 2015 4, H
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W T —ANEEIARRN tr FEFAL, R FIR 1tr BEFEH AR LRI FEAR N
F, FAEVARRE. 2022 4, P HE=EY%, FIH PacBio MFHEAR, X HK R
Mx23Hm J#EAT T EFI . e Rl). /A8 T KN 502.2 Mb (el s R H 4L, A
% 34386 MNMER. BRHE (FXFEN lco) HENHAMLEERT, HZHEM, 4R
e 2024 4, MABIAES, 267 Ico HysmkEsmkL (T2T, telomere-to-telomere) JE[X]
M, RFEEFEERPE - ANHER SR T2T BHH, ZEEASK 454.8 Mb, HI[H
BRIY 15 SRR, B 40238 AN A gmid A B MBI TTE 4 @ 1 HEAL R v AT LAAS
b, fECERIERNALENFRZR/EM T, Itr F lco £ 5H E KIS0 R BUL I 4R
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1.1 I iR A SR EY
AHIE T B A DA Bl ok B A IR e, RAR R B ab i N TR s
(https://plantgarden.jp/en/list/t35884/genome/t35884.G002) . Ico

(https://ngdc.cncb.ac.cn/gwh/Assembly/85948/show) . = #% i (1. pes-caprae ) ( K 3 faj Fk
Ipes) (https://ngdc.cnch.ac.cn/gwh/Assembly/82945/show) LA & B 4% % (Solanum tuberosum)
CF LR Stu) (http://www.bioinformaticslab.cn/pubs/dm8/).
1.2 E[F4 SV A HE

AW FAE PO iR R IR EE R0 ) SV, B R A Mgy tbxt, R Smartie-
sVl Ico MSERALLENT 2 1tr SERAL, FAEKEA/NT 500p MR, ENT S
) SV. [FRF, {H[ NGMLR 0.2.7%LK Ico () HiFi reads Hx & Itr JERIZL, 48516 ]
Snifflest k3R A3 SV. BRI VLA SV TR, BEAEMMBIN SV, BIHEN B K
RAVKE . A AL B A & X SV Bl m EAE R SV. A ANNOVARM G} ix
SV JHATEERE. A SyRIMCR S e BIN R E SP 41, f 5 M SyRI K Lo X 45 B mT Ak
1.3 Ks 1 4DTv B9 4347

¥ 1try Ico. Ipes BAK Stu SE[RIZH (L ER /7 A1k AT LEXT, (8 A MCScanX 10107145 5 3t
LR, SOOI ] PAMLIBIR PP Ay 3k 2 4 35 [ 1) A= ) SCE 4y SNP 305
6] s A S Bl (Ks). {8 KaKs_Calculator™ 5 [m] 5 B e wh 2 1] Ka/Ks B . A
A NEAK AL 4D TV A
1.4 KEGG #1 GO 31

K FH InterProScan v5.52-86.0100%F BE [ i /T A4 i (Gene Ontology, GO) . izH
EggNOG-mapper v2.1.4RUHE 4T JE R 263558 % (KEGG) #1445 M4, (Pfam) vERE. 158
topGOP A+ F1 REVIGOR3#EAT GO &HE#r, i CirGolP4AN ggplot2o1as 440K 45 B

AJRiAL . @it clusterProfilereVix 64T KEGG & 45T .

2 BERE SR
2.1 EELEELEFN SNP B & #E

Itr A1 Ico )3 R 4H K B 43 531l A 502237654 bp il 454814757 bp, contig N50 [#)K: & 43 5
4 3.7 Mb #1.30.9 Mb, BUSCO 147 3 Rl 2 1) 76 48 & 43 1l /9 98.5% 1 97.6%, il i) 5k [X] £k

BN 34386 N F1 40238 A, Itr {7 vE T BN PacBio AT Hi-C #iK, lco B 1 _FiRP



M FE AR Z b, B H T Nanopore HiAR (58 1),
= 1 1. trifida Cltr) #A 1. cordatotriloba (lco) HIEFE Lt

Table 1 Statistics of I. trifida C(ltr) and I. cordatotriloba (lco) genome

Z# parameter Itr Ico

Fh5 Germplasm Mx23Hm xiaoshu
KK Length of genome (bp) 502237654 454814757
Contig N50 (Mb) 3.73 30.93
M5 Sequencing Method PacBio, Hi-C PacBio, Nanopore, Hi-C
BUSCO (%) 98.5 97.6

FR U Gene number 34386 40238

WL ELEE 1tr AT Ico MIFEAL A B, tr A lco WANJEIKI4L (B AELE 1798184 A4~ SNP fif
B BRI AL, FEEEFFIT, MET Itr, lco ZHT 112 ML, K 220663 bp, >
T 152 ML, K 559140 bp. PIANERIZHAAAE 50802 AN B I IX I, 1% B X AR
Itr R B 2 228414336 bp, 7E Ico U A& 254217620 bp (% 2).

= 2 Itr 70 lco EABLLE FERMT R

Table 2 The variations between Itr and Ico genome

A F KR #H KJ% (bp)
Variation type Count Length

SNPs 1798184 1798184/1798184
2 UL I Copy-gains 112 -1220633

P2 DUH0R D> Copy-losses 152 559140/

% 434k Highly diverged 50802 228414336/254217620
HIPEE & Tandem repeats 14 15681/25346

PRES 2N tr BRI A RS, 2 J5 9 1o PRI 28 K
The number before the "/" symbol is the length in the Itr genome, and the number after the "/" symbol is the length
in the Ico genome
2.2 BEF AL M S

G AR RN 5y A 23 U BE R Y, o DR Fr 2k, [ 2 8 im 4 o 5 K] % 902 )
WAL Z R N TERIC Itr A Ico X IR F] REAEAEMIISAE ZREME, WA AT T L2kt
53T SR BRI SRR H 2 [AfFE 1582 ML X, XBX A Itr R4 )
FEN 271201177 bp, HFEEFH KM LGN 54.0%; 7E lco F:KZH A K& U >y 304956210
bp, HEHFMAEKMBE N 67.0%. BAIERLZ FIAEE 84 AMEINL, BIALEE Itr SERL
FIK N 41239691 bp, (HEL A 8.2%; £ Ico FEFAH K ANy 32262135 bp, bl
7.1%. PINERAZ HIEAAAE 2076 NS0, SAr KA Itr BHA KBy 13473827
bp, fEHAN 2.7%, 7E Ico FEKIZH A K FE N A 13973042 bp, Atk 3.1% (3£ 3, Kl lad.
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Table 3 Syntenic analysis between Itr and Ico genomes

[ e Itr FE (bp) A EE (%) @ lco K SE (bp) AL (%)
I e Length (bp) and proportion (%) on Itr Length (bp) and proportion (%) on Ico
Variation type Count

genome genome

Y
N TEEIZiﬁJZ 1582 271201177 (54.0) 304956210 (67.0)
Syntenic regions
foiz . 84 41239691 (8.2) 32262135 (7.1)
Inversions
VA

. 2076 13473827 (2.7) 13973042 (3.1)
Translocations
Itr g E S
Duplications on Itr 018 4724592 (0.9)
lco Y 5 2106 - 7285309 (1.6)
Duplications on Ico
Itr FPRILAC 51
Not aligned on Itr 4131 135011642 (26.9)
lco rfiAR L AC/F 51 5913 - 98197220 (21.6)

Not aligned on Ico

ST RRKIE, 5N RR AL
Numbers outside the brackets indicate length, and numbers inside the brackets indicate proportion

{51437 ] £ of 56 [R] AR 3R 08 7= AR ) o 3 R o R TR B T R L, 84 BB kAL,
T 2106 ML, XX 2106 ANEEE 3 AT T KEGG #il GO ‘& &7 #. KEGG 4r#T i 5k
s SR 2 B R e R ORI IO HEBRIR AN Em M A& % (map00945) DA K K3
R A i (map00941) RGBT~ E & g (B 1B). BRibz 4h, HiEA
KEMZE, HAidBE (map03430) . Bl U)Kk 1& 2 (map03410) Al DNA & i
(map03030) “Fi@E &R M I EE (KB 1B). GO &HENHT FFE R R, ikl 4 FF
(G0:0000723). DNA f##gieiHth (GO:0003678). Wi DNA 4B (G0:0003690). DNA
/31 DNA R&EETE (GO:0003887) LA DNA 25 (GO:0006281) AH % 4= P H

REREE (K 1C). XEERLRERE AL I RO ] € F] BEAFAE AR &R

A: Itr il Ico BRI 2 MIFFLLLYE; B: IR R KEGG B4 C: ALK K GO BT
A: The synteny between Itr and Ico genomes; B: KEGG enrichment analysis of genes in inversion; C: G O enrichment analysis of
genes in inversion

1 1tr §1 Ico B EH Z B H)H LM UK AR PR EE RS0



Fig. 1 The synteny between Itr and Ico genomes and gene enrichment analysis in inversions

(BIE 23 7 A e AR BT A5, BT R R R A 1 R AT A 0 2 15 A R 28 ) 14 288 A BT 52 i G
Dift. gt kK, A 34 BRI I mUR AT Itr 5 Ico FRAEIR S, Horb 1 Bt
LTS T AL T HE A (R 4D, 34 BUBIN LR E] 35 MR, X e RATAETh
BEEL A ESRIN T hREE AR, S53MWAERKRENARNE, BAHERE, 2
PLHBEALRF S (R 4D
2.3 FENBRKR BT R RSB

FEPRIZH EARNFIERAL SV R 5 R AVR R E N R . ABF A HIE Ico = AR
P A0 (K 7 81 DA A5 52 iR T2T B4l I (O3 AL AT Holie, 7350 4 3 D 40
SV. @I EHAZ MR, MLLTF Itr, Ico JER YL/ 45154 /4 N FLA
34638 MR SV. MM FKFFAI SRR LA, KIAHEET Itr, lco FERI413 47
F 60284 i N BLF1 83558 ANMERAR L SV. T SV A AR R R MY, A T BRI
PHYEZR, PR ELE IR SV HHAT8A, REEERNBN SV, mE&HRST T
10226 Ml AFI 11411 MERZK (K 5). BARX —dFEARE S Bk — L SFAEN) SV, {H
TREAH) SV AN R BA SRR B PRI, XS SV i, A7 T FE
EUERA 1494 A, BRI 1431 A, FEREAT 4162 4, N E TR 25814, 4b
BTHA 1734, EFE s FIHA 380 A, A TEHEASIA 5 4. BRK SV
H, AL TR RIFRTH 1648 S, FED RUHIA 1450 A, FERE X EIA 5663 4>, A E TR
1998 A, SR 348 A, B LUFEE NN 295 AN, A TR E 9 A
(%£6).

PR B RIS T SV RTRE S SRR R R IA BCE TIRE AR L, T Bk AR
S, AWEFITIXEEIER (SV genes, SVGs) HHT T EHE4HT. GO &HESTER, HARK
SVG FEEETHAMMIENZ (GO:0006979). I MEFE M (GO:0004601). 4T &
ghfy (GO:0020037) “Efpamipi@EEE (B 2A); SR SVG FE F £ TR GRS
P£ (G0:0003993). & [ /KMEIEA (GO:0006508) FIXEE DNA 454 (GO:0003690) %
g (K 2B). KEGG &&ENHTIai RER, AL SVG LEEET MM, LA ER Ak 1)
AR (map00073). N BEFIAEM &K (map00510) A4 % B6 AL (map00750)
SRt (B 2C); BRA SVG EEEET N WM G . FKR KRR A& R
(map00940) VLR ERAE A (map00790) (& 2D). BT HISE RiLH, PiAHE
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Table 4 Statistics of genes covering inversion breakpoints

151 7 % - - o
e o (DA AR A P SR E .
= i [ A R Dhfe R
7 24 SR The starting and ending %H‘ﬁﬁﬁg The starting and %. ¢ H“Eﬁ:.
No. of Chromoso s The genes covering - s Functional annotation
. ; Geno position of the - ending position of the
inversio mes . - the breakpoints of genes
ns mes Inversions genes
1 Itr Itr_chr01 11703012~11703394 Itr_chr01CG07580 11702887~11704047 -
- 5 poly(A) RNA
Itr Itr_chr03 19922914~20345663 Itr_chr03CG11900 20340885~20345769 polymerase GLD2
3 Itr Itr_chr03 21722914~22704229 Itr_chr03CG12960 21714866~21724114 -
4 Itr Itr_chr04 2752356~2873657 Itr_chr04CG04770 2870724~2887446 -
5 Itr Itr_chr04 5793962~5795348 Itr_chr04CG08650 5784645~5795829 -
6 Itr  Itr_chr06 3927167~4015859 Itr_chr06CGO6040  4013606~4016405 pmmar;g\’mso”er
light-harvesting
7 Itr Itr_chr06 21569168~21569727 Itr_chr06CG16690 21567864~21570685  complex Il chlorophyll
a/b binding protein 1
8 Itr Itr_chr06 22213921~22728379 Itr_chr06CG17140 22712790~22738139 -
9 Itr Itrchr07  26827512~26828003  Itr_chr07CG19600  26821927~26828700 ph(i(s.phore'aY sensor
inase activity
N ) lysosomal Pro-X
10 Itr Itr_chr08 27788218~27801091 Itr_chr08CG18580 27785342~27790952 carboxypeptidase
_ 5 lysosomal Pro-X
11 Itr Itr_chr08 27816710~27817090 Itr_chr08CG18590 27814863~27820819 carboxypeptidase
12 Itr  ltr_chr09 911603963422 Itr_chr09CG01660 961189~969086 sterol 24-C-
methyltransferase
13 Itr Itr_chr09 13287680~16314621 Itr_chr09CG15430 16314335~16315624 -
14 Itr ltr chrl0  15750888~18193749  Itr_chrl0CG14040  15742310~15753395 serine-type
endopeptidase activity
15 lr Itrchrld  11841296-11924724 It chrl3CG12110  11922947-11937966 2 COm'_elX subunit
16 Itr Itr_chr14 15978288~16031423 Itr_chr14CG11650 16021901~16031479 -
17 Itr Itr_chr14 23223138~23349472 Itr_chr14CG15830 23221295~23223298 zinc ion binding
18 Itr Itr_chri4 24546584~24707043 Itr_chr14CG16870 24543680~24547627 pectinesterase activity
18 Itr Itr_chr14 24546584~24707043 Itr_chr14CG16990 24706321~24709541 -
19 Itr Itr_chr14 24861187~25244280 Itr_chr14CG17470 25242071~25245346 -
20 Itr Itr_chr15 106470~4084032 Itr_chr15CG05070 4080322~4084326 recognition of pollen
21 Itr Itr_chr15 5682723~7141479 Itr_chr15CG06760 5682643~5684909 pectinesterase
lysosomal Pro-X
22 Ico Chrll 24496445~24496831 Icor_Chr11.01919 24494734~24497336 carboxypeptidase-like
isoform X2
B3 domain-containing
23 Ico Chr12 12598615~12598997 Icor_Chr12.01502 12594644~12598979 protein At1g05920-
like
cycloartenol-C-24-
24 Ico Chr13 969575~1024868 Icor_Chr13.00176 968757~971843 methyltransferase 1-
like isoform X1
katanin p80 WD40
25 Ico Chri3 15430378~16541871 Icor Chr13.01604  15429529~15439711 repeat-containing
subunit B1 homolog
isoform X2
26 Ico Chri14 25785754~25821651  lcor_Chrl4.02284  25777482~25787636 vetispiradiene
synthase 3-like
27 Ico Chri5 11927803~12008190 Icor_Chr15.00998 11927513~11928117 -
N _ cysteine-rich repeat
28 Ico Chr2 3042641~3683581 Icor_Chr02.00501 3682866~3684458 secretory protein 60
29 Ico Chr3 4464551~4571946 lcor_Chr03.00679  4463814-44p6804  CHONHICH) antiporter
G-type lectin S-
30 Ico Chr3 14014929~14036263 Icor_Chr03.01538  14008217~14016412 receptor-like
serine/threonine-
protein kinase
alcohol
31 Ico Chr5 16136141~16136714 Icor_Chr05.01181 16129497~16153598 dehydrogenase-like 2
isoform X2
N _ WAT1-related protein
32 Ico Chr5 17695783~18808792 Icor_Chr05.01360 18805788~18810010 At1g43650-like
heavy metal-
33 Ico Chré 2894889~2930955 Icor_Chr06.00381 2930162~~2947252 associated

isoprenylated plant



34 Ico

Chr7

13546317~13782991

Icor_Chr07.01385 13780765~13783068

protein 39-like isoform
X2
uncharacterized
protein
LOC109158392

<5 Itr #0 Ico EEHAIENFIBRKLE SV 41t

Table 5 Statistics of SVs by comparing Itr and Ico genomes

Xt ik EEEN [ON
Align methods Insertions Deletions
] 9 g R

F2E [RI 41 Ll 2 (R 41 45154 34638
Genome to genome
K L 14
B LU XA 60284 83558
Reads to genome
LA
e 10226 11411
Merge

F6SVHNETRE

Table 6 Annotation of Positions of SVs
R A [N
Annotation Insertions Deletions
L Upstream 1494 1648
“NiiF Downstream 1431 1450
FE[H A Intergenic 4162 5663
P& ¥ Intronic 2581 1998
AIMEF Exonic 173 348
B T UF Upstream or 380 205
downstream
BiIREAT 4 Splicing 5 9




A: AL SVG ¥ GO WM B: BRI SVG 1 GO MA T C: AR SVG I KEGG B4R D: B SVG I
KEGG & %431
A: GO enrichment analysis of insertion SVGs; B: GO enrichment analysis of deletion SVGs; C: KEGG enrichment analysis of insertion
SVGs; D: KEGG enrichment analysis of deletion SVGs
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Fig. 2 Enrichment analysis of structural variant genes (SVGs) between Itr and Ico genomes
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A: Distributions of Ks value of Itr, Ico, Ipes, potato and that between them. B: Distributions of 4DTv value of Itr, Ico, Ipes, potato and that
between them. “Stu” means potato
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Fig. 3 Distributions of Ks and 4DTv value of Itr, Ico, Ipes, potato and that between them
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