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Abstract: Sweetpotato is a globally important crop with numerous wild relatives harboring extensive genetic
diversity. In this study, a comparative genomic analysis was conducted using two publicly available high-quality
genomes of wild relatives. Our analysis identified 1798184 genome-wide single nucleotide polymorphisms
(SNPs) , along with 2076 translocations and 84 inversions encompassing 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 these
genes. There are 10226 insertion-type and 11411 deletion-type structural variations between the two genomes. We
annotated these structural variations and conducted gene enrichment analysis on those structural variations that
may affect gene function or expression. We found that these potentially affected genes were mainly enriched in
pathways of secondary metabolites, while genes related to functions such as DNA repair and replication were
enriched. Through deploying statistical results 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
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triplication event. Collectively, the findings will provide insights for the excavation of excellent variations in

wild relatives of sweetpotato as well as for analyzing species differentiation

Key words: sweetpotato; wild relatives ; comparative genomics
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AT R 3 0 3 D A B 220k B A TR
JE, BRI R B - =R T4 2 (https : //
plantgarden. jp/en/list/t35884/genome/t35884. G002) .
B 3 H  (https://ngdc. cncb. ac. cn/gwh/Assembly/
85948/show) . #% ¥k (1. pes-caprae) (https://ngdc.
cncb. ac. cn/gwh/Assembly/82945/show ) L4 fz 4 &
(http : //www.bioinformaticslab.cn/pubs/dm8/) .
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AL S O (R AL 48 (4D T ) | G5 3 0 A
BORT 201 BE5R, 73 M & Rl LAY 4D T {E, Tl
W Rh Z (8] B 53 A A, 3 & R Y Ks i, T
% B A SER s
1.4 KEGG#F1 GO & #f

% H InterProScan v5.52-86.072% % 3 [N gk 17 4«
it (GO) 1 #¢ . iz F EggNOG-mapper v2.1.42"
1R RIAIE I (KEGG) PR I 4544 (Pfam) 7 B¢
1 topGO> #5440 F REVIGO™ #17 GO & 4 4>
BT A8 CirGo™ il ggplot2 ™ # ALK 25 L AT #i Ak
sf 1k clusterProfiler™ 44t 34T KEGG & 5454 o

2 HRESH

2.1 EFHALLKFISNP & 1E
R A R B S H A B A K 4

“} 502237654 bp F 454814757 bp, contig N50 K Ji
4391249 3.73 Mb F130.93 Mb, BUSCO Ak i K 20 f)
SR FE 4351 K 98.5% 1 97.6% , T At i DR Kt 43
FR 34386 1~ 140238 A, — iR ZLMF A AR I F
2 %k PacBio M HI-CHA , BRHERR T LikW
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Table 1 Statistics of 1. trifida and I. cordatotriloba genome

parameters
ZH SRR TRITH
Parameter L trifida 1. cordatotriloba
F Germplasm Mx23Hm xiaoshu
FMNAKE (bp) 502237654 454814757
Length of genome
Contig N50 (Mb) 3.73 30.93
IFP 5 PacBio, Hi-C PacBio,
Sequencing method Nanopore, Hi-C
BUSCO (%) 98.5 97.6
2k 6y 34386 40238

Gene number

AT R SR A AR B AR T A SR A
KL, B A AR AR H AN R 4 22 [ 77
TE 1798184 1 SNP i i . AHEL T =3 2EWF 424, £
BHERFE T2 1 112 %D, 5K 220663 bp,
W 152 5 D1, MK 559140 bp, N JE R H AETE
50802 > 5 B A A DX Ja , 3k B DX e — vk 4 iy 4
A v K B 2 228414336 bp, 7E ER H EH N
254217620 bp(F2),

R2 ZRAFEFNERHEERANFIEZR
Table 2 The sequence variations between 1. frifida and L
cordatotriloba genomes

AR S HH K J% (bp)
Variation type Count Length

SNPs 1798184 1798184/1798184
5 DIEO¥ TN Copy-gains 112 -/220633

P& DUBO /> Copy-losses 152 559140/-

R E 434k Highly diverged 50802 228414336/254217620
HEH & Tandem repeats 14 15681/25346

[Z TR = A AR SR I A T A B /2 ) O B R T IR R A
OB s — TR

The number before the / symbol is the length in the /. trifida genome,
and the number after the / symbol is the length in the 1. cordatotriloba

genome; —: No data
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DL K 2 Bl (Flavonoid biosynthesis, map00941) 257X
FACET IR EE A s (B 1B) . BRIz Ah, A5 T
& &2 (Mismatch repair, map03430) . §ifi Ji& V] B & &
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Table 3 Syntenic analysis between L trifida and I. cordatotriloba genomes

TURFMT AR L trifida

ERHE T cordatotriloba

I

Variati i £ JE# (bp) (%) K K (bp) i (%)
ariation type
Count Length Proportion Count Length Proportion
2R PE X3k Syntenic regions 1582 271201177 54.0 1582 304956210 67.0
{843 Inversions 84 41239691 8.2 84 32262135 7.1
53V Translocations 2076 13473827 2.7 2076 13973042 3.1
% Duplications 918 4724592 0.9 2106 7285309 1.6
AVCHLF 51 Not aligned sequences 4131 135011642 26.9 5913 98197220 21.6
A e = TR EE: Livifida JEZEE Syntenic #4% Duplication
s LIS Leordatotriloba = 1137 Inversion = 55\ Translocation
Chr.1
Chr.2
Chr.3
Chr4
8 s
g J
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g
=}
= Che?
O
ﬁ Chr.8
&
£ cheo
Chr.10
Chr.11
Chr.12
Chr.13
Chr.14
Chr.15
0‘ 5‘.0 10‘,0 ];.O 20‘.0 25‘.0 36.0 35‘.0
(1)

Yefa k{7 (Mb) Chromosome position
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A': The synteny between L. trifida and I.cordatotriloba genomes; B: KEGG enrichment analysis of genes in inversion;
C: GO enrichment analysis of genes in inversion
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Fig. 1 The synteny between L trifida and I.cordatotriloba genomes and gene enrichment analysis in inversions
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TG R I, HA 34 BRI B Wr U AR T ALY
B2 Aoy B R P L R R, b 1 BRI Y T by
W s B T R N, i BB T = Tk B A2 4
14 5L {0 fK 24546584~24707043 bp , {3157 P s &
w4 CCTFEIGH SR E ST

Table 4 Listed genes residing at the inversion breakpoints

Iy BN Itr chr14CG16870 1 Itr_chri4CG16990
(F4). 34BN LR 3] 35 X eI AT 7
D REAL & FE S 7 I RE AR RIS, 2 5 31
AR R E WA FE BB, JoH B A, 23 b
BURR S (R 4)

, A i & (b W7 ST PRI R 48 B (b Rl o RE
gy S e fEI ;EJJ:T\ H( g) Wy UTT%I %.i.ﬁu{\ H( g) %I JJHZ{EE
The starting and ending The genes covering the ~ The starting and ending ~ Functional annotation
No. Genomes Chromosomes - . . . .
position of the inversions breakpoints position of the genes of genes
1 SERAFEL It chrOl 11703012~11703394 Itr_chr01CG07580 11702887~11704047 -
2 SURABMTAEA Tt chr03 19922914~20345663 Itr_chr03CG11900 20340885~20345769 Poly(A) RNA
polymerase GLD2
3 SRR AE4 Itr_chr03 21722914~22704229 Itr_chr03CG12960 21714866~21724114 -
4 AR AEL I chr04 2752356~2873657 Itr_chr04CG04770 2870724~2887446 -
5 SR AELE Tt chr04 5793962~5795348 Itr_chr04CG08650 5784645~5795829 -
6 SRR Itr_chr06 3927167~4015859 Itr_chr06CG06040 4013606~4016405 Proton antiporter activity
7 AW AELE It chr06 21569168~21569727 Itr_chr06CG16690 21567864~21570685  Light-harvesting complex
1I chlorophyll a/b binding
protein 1
8 TR AELE Tt chr06 22213921~22728379 Itr_chr06CG17140 22712790~22738139 -
9 SHAFAEL I chr07 26827512~26828003 Itr_chr07CG19600 26821927~26828700 Phosphorelay sensor

kinase activity
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. FIALE 0 E (b FUTTERE LIRS (b P T RE T
e SR el (ED @JH\ o g) ]} )ﬁ”%lﬂ LI@M\ o g) %[i] REl %%
The starting and ending The genes covering the  The starting and ending ~ Functional annotation
No. Genomes Chromosomes . . X X .
position of the inversions breakpoints position of the genes of genes
10 —VRAEAE4 It chr08 27788218~27801091 Itr_chr08CG18580 27785342~27790952 Lysosomal Pro-X
carboxypeptidase
11 =yREEFE4 Itr chr08 27816710~27817090 Itr_chr08CG18590 27814863~27820819 Lysosomal Pro-X
carboxypeptidase
12 IR Itr_chr09 911603~963422 Itr_chr09CG01660 961189~969086 Sterol 24-C-
methyltransferase
13 “RAE A4 Itr_chr09 13287680~16314621 Itr_chr09CG15430 16314335~16315624 -
14 IR LE Tt _chrl0 15750888~18193749 Itr_chrl0CG14040 15742310~15753395 Serine-type
endopeptidase activity
15 VWAL Itr_chrl3 11841296~11924724 Itr_chr13CG12110 11922947~11937966 AP-2 complex subunit
mu-1
16 —=ERZFAE4 It chrl4 15978288~16031423 Itr_chr14CG11650 16021901~16031479 -
17 IR AEL It chrl4 23223138~23349472 Itr_chr14CG15830 23221295~23223298 Zinc ion binding
18 RAWPEL o chrld 24546584~24707043 Itr_chr14CG16870 24543680~24547627  Pectinesterase activity
Itr_chr14CG16990 24706321~24709541 -
19 ZIRZEFEA I chrl4 24861187~25244280 Itr_chr14CG17470 25242071~25245346 -
20 CIRBWFEL Itr_chrl5 106470~4084032 Itr_chr15CG05070 4080322~4084326 Recognition of pollen
21 TIRZFEA I chrls 5682723~7141479 Itr_chr15CG06760 5682643~5684909 Pectinesterase
22 ERHE Chrl1 24496445~2449683 1 Icor Chrl1.01919 24494734~24497336 Lysosomal Pro-X
carboxypeptidase-like
isoform X2
23 EBARHE Chrl2 12598615~12598997 Icor_Chri2.01502 12594644~12598979 B3 domain-containing
protein At1g05920-like
24 ESUEE Chrl3 969575~1024868 Icor_Chr13.00176 968757~971843 Cycloartenol-C-24-
methyltransferase 1-like
isoform X1
25 BRTE Chrl3 15430378~16541871 Icor Chr13.01604 15429529~15439711 Katanin p80 WD40
repeat-containing subunit
B1 homolog isoform X2
26 ERHE Chrl4 25785754~25821651 Icor Chri4.02284 25777482~25787636  Vetispiradiene synthase 3-
like
27 ERTHE Chrl5 11927803~12008190 Icor_Chr15.00998 11927513~11928117 -
28 BRI Chr2 3042641~3683581 Icor_Chr02.00501 3682866~3684458 Cysteine-rich repeat
secretory protein 60
29 ERHE Chr3 4464551~4571946 Icor Chr03.00679 4463814~4466804 Cation/H(+) antiporter
15-like
30 EBARHE Chr3 14014929~14036263 Icor_Chr03.01538 14008217~14016412  G-type lectin S-receptor-
like serine/threonine-
protein kinase
31 BRI Chr5 16136141~16136714 Icor_Chr05.01181 16129497~16153598  Alcohol dehydrogenase-

like 2 isoform X2




1086 LN 7/ S AR S S 26 %
x4 (2)
. ; BT 117 7 (b BT R T R IR E (b R I RE TR
e SEpR B fEf ;@JH\ H( g) W ﬁﬁf%lﬁ %I@ﬁuﬁ o g) %lﬂ IRET *f
The starting and ending The genes covering the ~ The starting and ending ~ Functional annotation
No. Genomes Chromosomes » . . . .
position of the inversions breakpoints position of the genes of genes
32 ERTE Chr5 17695783~18808792 Icor_Chr05.01360 18805788~18810010 WAT -related protein
At1g43650-like
33 ERHEE Chr6 2894889~2930955 Icor_Chr06.00381 2930162~2947252 Heavy metal-associated
isoprenylated plant
protein 39-like
isoform X2
34 EREE Chr7 13546317~13782991 Icor Chr07.01385 13780765~13783068  Uncharacterized protein

LOC109158392

2.3 WRABRKBEHRTRNEEMSH

FE R 2] 4 RISk TR ) 25 40 A S R 5 i
RIASSEERNE ., AR S 5EHERTE=
AR A5 21 B4 e 41 DA R 21 256 58 A T2T & R 4
5 =R A AR B A T A 15 B A B I A Y
SERAS S, R R LR B A BT R
ZapaE A4 BT E IR A 43 A AE 45154 46 A
RUFN 34638 K AU 2540 A8 57 . 38 2 HiFi reads
H5REEA R, BT w8y Ed, R
LK 20 43 WIAEAE 60284 i AT 83558 Mk
RURGER AR S5 o T 4540 728 Sk th A e B iR A
FEA , A 1 B AR B BH M 23, % 79 R g 9 R [ Az
USRS Y - S N i i SRR )
A B ARTE T 10226 N AR 11411 A4 Bk 2k
(£5), BARX IR RES B R — L FLSLAFAE)
SER A S (HJR AR B I 2549 A8 S ) H A el
fEREM .l P FE R AR IR, R B B 2540 78 53 Hp i
ABVEERG AR AT 1494 070 T HEA B, 1431 M0
T T E, 4162 M FREF A, 2581 M F N &
T AT3METANE T, 380 M THE [ Fial T
e, 500 T B4 i o BRI S5 A8 e rp
1648 M TR R E3iF, 1450 7 T2 K T 1%, 5663
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Table 5 Statistics of structural variations at I cordatotriloba

genomes
FeX 5k A R
Align methods Insertions Deletions
JE PR Z HEX R R 4 45154 34638
Genome to genome
HiFi reads [EXJ LK 4] 60284 83558
HiFi reads to genome
44 Merge 10226 11411

AL TFHREAE], 1998 M F N & F, 348 M T4 i
F,295 M TR B EE T UE, 9 AN T BT R
m(F6),

*6 ERHELSMERNMETR
Table 6 Annotation of positions of structural variations at
L. cordatotriloba genomes

TR A R
Annotation Insertions Deletions
Il Upstream 1494 1648
Ui Downstream 1431 1450
FLIA[A] Intergenic 4162 5663
% F Intronic 2581 1998
SME T Exonic 173 348
s T 380 295
Upstream or downstream
B3 Splicing 5 9

A7 F I L3RI B 1 S5 40 A8 S5 AT Re 2 |
R HL PR IR B E T RE 1Y 28 Ak, , 2 T i R AU AR 5
AT AT A2 45 4 728 S5 i 18 B PR R SCTRTRR 445
P LR #E AT TS AR ST, GO'B BT iR,
AV ERE SR, B TS I S S R I STER VR A
(Response to oxidative stress, GO:0006979) .14 %4k
Wy 1§75 P (Peroxidase activity, GO: 0004601) | [filL Z1.
Z 254 (Heme binding, GO : 0020037 ) 25 [Jfk-i£1 i 1 1
% (B 2A) 5 Sl T 2 by AR S5 BE T 2 B AR TR 1l
PR 1t i 14 (Acid phosphatase activity , GO:0003993) .
T 11 5K f#AE I (Proteolysis , GO : 0006508 ) 1 X
DNA %% 4 (Double-stranded DNA binding, GO:
0003690) %538 1 (151 2B) . KEGG & £ /3 45 1 i
I A AT AR S R DR F2 B AR T T, AR R RN
I 942975 % (Cutin, suberine and wax biosynthesis,
map00073) NBHAEY) 5 L (N-Glycan biosynthesis,



6

ERIRCE PR EE 2 e s ls TLHibIace SISEARy Ty

1087

map00510) 1 4k 4 2 B6 1 1L i#if (Vitamin B6
metabolism , map00750 ) 55 & 15 (& 2C) ; B HI 45
Fa AR S 3L R 32 B AR F N B9 AE 916 il (N-Glycan
biosynthesis, map00510) , < N bt 29 i 19 A= 15 i
(Phenylpropanoid biosynthesis, map00940) L) A i@

A

A=W 1% (Folate biosynthesis, map00790) (& 2D) .
AT A R, A A AT R 2 (R Y
SERAR ST, B e IR R M AR AR AR PRIE
T AR A AT RE I R RS 9 [RIEE, 35m T A~
T AR TR B35 (14038 IO o

B

Steroid biosynthetic process
Small-subunit processome
Sequence—specific DNA binding
Response (o oxidative stress

Phosphotransferase activity,
alcohol group as acceptor
Peroxidase activity

Oxidoreductase activity, acting on the CH-OH
Group of donors, NAD or NADP as acceptor
Nucleobase—containing compound metabolic process

NAD binding
Microtubule—based movement

Microtubule motor activity

Iron-sulfur cluster binding

Tonotropic glutamate receptor activity
Hydrolase activity

Heme binding

Flavin adenine dinucleotide binding
DNA~directed 5'-3' RNA polymerase activity
Cytoplasm

Acid phosphatase activily

3'-5' exonuclease activity

I
0.01

I
0.02

I
0.04

0.04

padj
1.00
! 0.75
050
". 025
0
Kok
Count
® 25
® 50
® s

@ 00
®

P 5 Gene ratio

Zeatin biosynthesis

Vitamin B6 metabolism

Steroid biosynthesis

RNA polymerase

RNA degradation

Photosynthesis

Phenylpropanoid biosynthesis
N-Glycan biosynthesis

Methane metabolism

Glycine, serine and threonine metabolism
Fructose and mannose metabolism
Ether lipid metabolism

Diterpenoid biosynthesis

Cutin, suberine and wax biosynthesis
Circadian rhythm-plant

Carotenoid biosynthesis

Biosynthesis of unsaturated fatty acids
Bacterial secretion system
Aminoacyl~tRNA biosynthesis

Amino sugar and nucleotide sugar metabolism

Hek
Count

0.02 0.04 0.06

FP 5 Gene ratio

Transferase activity, transferring glycosyl groups [- B
Serine2type carboxypeptidase activity |- o
Response to oxidative stress [~
Pyridoxal phosphate binding |- .
Proteolysis - @
Protein folding |- pdi
assium ion transporter activity |- ! 0.75
Potassium ion transmembrane transport |- 5 050
O-methyltransferase activity |-~ ® 0o
Multicellular organism development [~ . 0
Magnesium ion transport |- i
Count
Magnesium ion transmembrane transporter activity |- ® 25
Tron—sullur clusler binding [ . ® 50
GPI anchor biosynthetic process [~ : :Zo
ER to Golgi vesicle-mediated transport f~ . 125
Enzyme inhibitor activity [~ ®
Endoplasmic reticulum membrane -
Double-stranded DNA binding |-~ ®
Chitin binding [-
Acid phosphatase activity |- ‘ ‘
0.01 0.02 0.03
FEP . Gene ratio
D Tyrosine metabolism - °
Sulfur metabolism |-
Sphingolipid metabolism |-
Pyruvate metabolism ®
Purine metabolism {- @ o
Protein processing in endoplasmic reticulum |- ° Count
e 10
Phenylpropanoid biosynthesis |- o ¢
One carbon pool by folate |- @0
N-Glycan biosynthesis |- [ )
Lysine degradation [~ . 0
Glycosylphosphatidylinositol (GPI) —anchor biosynthesis |- padj
Glycolysis/Gluconeogenesis |- ! 1.00
Glycerolipid metabolism |- ° 073
Glucosinolate biosynthesis |- e
Folate biosynthesis |- . 3‘25
Fatty acid degradation [~
Fatty acid biosynthesis {-
Cutin, suberine and wax biosynthesis |-
Biotin metabolism [
Ascorbate and aldarate metabolism |-
0 ‘nz 0. r‘m 0 :)()
L H Gene ratio

A AT ATIZERAE SN GO B AR AMT s B e BULE S S 3L [N GO & 42 40T ; C o 4 ATUSE 75 S 3 N KEGG & 824041 s D - ek 454,
s I B KEGG & 420t

A': GO enrichment analysis of insertion structural variant genes; B: GO enrichment analysis of deletion structural variant genes; C: KEGG

enrichment analysis of insertion structural variant genes; D: KEGG enrichment analysis of deletion structural variant genes
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Fig.2 Enrichment analysis of structural variant genes between Ltrifida and I.cordatotriloba genomes
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Fig. 3 Distributions of Ks and 4DTv value of Ltrifida, I.cordatotriloba, I.pes-caprae, S. tuberosum and that between them
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