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Based on Selective Sweep Analysis Mining Candidate Genes of
Heterostyly in Forsythia suspensa
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('College of Life Sciences, Shanxi Agricultural University, Taigu 030801 ;>Shanxi Key Laboratory of Modernization of

Traditional Chinese Veterinary Medicine , Shanxi Agricultural University, Taigu 030801)

Abstract: Forsythia suspensa (Thunb.) Vahl is a perennial woody plant with dimorphic style and self-
incompatibility. Mining the candidate genes for the development of heterostyly in Forsythia suspensa is of
significance to reveal its evolution and development mechanism. The whole genome resequencing of 40 long
style morph and short style morph Forsythia suspensa plants were conducted, followed by the SNP variation
sites detection in the sample genome and the selection sweep analysis. The candidate regions (top 5% level) were
screened by the combination of genetic differentiation coefficient Fst and the nucleotide polymorphism z ratio.
Differentially expressed genes (DEGs) were analyzed by GO and KEGG enrichment annotation, and gRT-PCR
was used to detect the transcriptional profiles of candidate genes at different periods of style development.
Selective sweep analysis showed that 295 genes were under selection, which mainly played an important role in
plant growth and development and metabolic regulation. By analyzing the pathways in plant hormone regulation,
the candidate genes CYP73441 (EVMO0010386) , BRII (EVM0011829) and CYCD3 (EVMO0018316) of
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heterostyly in Forsythia suspense were analyzed. The gene expression results indicated that the CYP734A41 gene

has sustained high expression during the critical period of development in F. suspensa's S-morph flowers. The

BRII and CYCD3 genes in the S-morph were significantly higher than those in the L-morph during the crown

exposure period. The candidate genes excavated in this study were differentially expressed in the L-morph and S-

morph style of F. suspensa. Brassinosteroids was involved in the development of the heterostyly in F. suspensa,

which was one of the reasons for heterostyly of F. suspensa. Collectively, this study laid a foundation for the

evolution and genetic development regulation mechanism of heterostyly in F. suspensa.

Key words: Forsythia suspensa (Thunb.) Vahl; heterostyly; whole genome resequencing; selection sweep

analysis; expression analysis
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AL, TR RN A FAmicii B & Fl . LR
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Table 1 Primer information of target genes

1.4 EFEESKEN

it 8t 4% 43 32 85 Fst A 17 R 2 54 7 ratio
Ty AT IR ERTE BR A B o M 2 R Y Fst R (i
5% (3543, B Fst > 0.095) F1H A ) 3 MK 2 5~
ratio (7,/mg) (5% 7c & Fl1 95% 47 )& , Bl 7 ratio < 0.78
7 ratio = 1.29)1F Ay S A 4] H A s ve B M Rl A
S AR . TS EOTR R RN
100 kb, 264K 10 kb,

1.5 GOFEFKEGG E&ES#

B0 32 RN [R) A A IS TR T 29 3] 7 s e 49 IX

47 GO (gene ontology ) 1 B FIAH M 1Y GO & £ 43
Bro [E B 47 T KO (KO, KEGG orthoolog and
pathway) [ F¢ , KO % W5 2146 1 (1 KEGG 3 fi &
12, NTTAS S gl B RE PR I A . 2 D RE ' 4R 1R 8 o
1.6 ERERERRIESH
1.6.1 RNAIREUK cDNAAR (I HHEHIE RNA SR
R o0 AT A B0 34 SRR (15 )7t v
B BRI BRI PO A T AEAY RNA I, A7 T
-80 °CYK#fi . 1 FH ToloScript All-in-one RT EasyMix
for gPCRIAF G S 5135 cDNA, VAR RN : 5%
All-in-one RT Buffer 4 pL, All-in-one Enzyme Mix
1 uL, & RNA 1 pg, RNase-free ddH,0 #} /& % 20 pL.
UK bRl R 0 5 S8R AT RNA TR R 248 — Ik
JESRAR R NS AT AR SR : 50 °C 15 min;
85 C 550 JEF T -20 CHRRAFEH].
1.6.2 SIM&R LRI H R P28
HIH2I, A H] Primer 5.0 53 qRT-PCR 5141, 5197
H LR 1, 5% BT N2 5L 18 R HISP 5 | i AR T
A TR (R et A R R 6 1

SR AR ElE7E2 S F1¥FF1(5"-37) 7B (bp)

Gene name Primer name Primer sequence (5'-3") Product length

HIS HIS-F ACAAAGGCGGCGAGAAA 114

HIS-R CTCTGTGCTCTTCTGGTACTTC

CYP734A1 EVM0010386-F CCACCAGCAGTAGCCATAAT 101
EVMO0010386-R ACGGCTAGGATCGGTATTAGA

BRII EVMO0011829-F CTCTTGATCTCGCCGGTAATAG 119
EVM0011829-R AGCCGGAATTTCACCAGTAA

CYCD3 EVMO0018316-F GGTTCTGTCCACCCTTGAAT 97

EVMO0018316-R

TGATAGGCGGTTCTTCAATCC
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1.6.3 gRT-PCREMIRIZEFEFRIXKTE Shh
J& B % R AE B cDNA % — F B¢ 10 £, fd
TOLOBIO %¢ 5 & & i #fll & 2xQ3 SYBR ¢PCR
Master Mix X526 5& R Fe ik 5 b TR . 28 e &
VAR Z S 2%Q3 SYBR qPCR Master Mix 5 pL, 1E
] 51 95 F1 52 18] 51 4 (10 pmol/L) 4% 0.2 uL, cDNA
1 uL, ddH,0 #b J& % 10 pL. S I FE 5 by 19 728
95 °C 3 min; fFFR S 95 °C 105,60 °C 305,72 C
30 s HEAT 40 WK ; J5 Mgk i 42 0 FH X 2% (Bio-Rad CFX-
96) BRINFR T o IR B AR 2y i B R A
Xt 223k 7K, {# F SPSS Statistics 1 Origin 9 #£17 i
EEHTAIREIR BB AS
2 FBR5HMH
2.1 EREERAENFEIE

X 45 21 B J b 1y 91 1647 3 58 3R A5 Clean
Reads, TR ZHF R 30T, 3% AN R S AR AR )
FE BRI (£22) B8 Q20 & HEITE 97.38% L) |,
F2  ENFHRST

Table 2  Statistics of Forsythia suspensa sequencing data

Q30 F i ¥I7E 92.59% LI I, GC 75 i Ak F 33.80% ~
34.06% Z 18], 552 5L H 4 X5 5 51 45.82 Gb
i Clean Data, £ ity 5 5 % 3L [H 21 - 34 Ho X R N
83.16%, V- ¥ 7 35 TR & ol 34x , JL R 24 7 55 5 R
94.56%
22 SNPERMAFRER

SNP 2 HY (1) A5 T 43y e A5 A A5 B A | [ 2
TR I 2 [8] 28 8 R Ry %4 (T, transition ) , QRS 5
WAy 2 (] | T 5 W W 2 [ ) 7 S AN () IS 7R i O
Z 8] 1) € A5 FR R B4t (Tv, transversion) , UNIEERS 55
MR IE 2 [A) A8 S o 3R A LU DA 2 g
/A (T T ) 1 F B — R T 1, LR (E i p
WA 5o 283 rm a2 () SNP A8 S50 5 48
THEER e /B A5 1) LU 511348 1,95 X SNP I3 ¢
5K, 67.45% SNP 3 F I [H 8] X 45, 4.3% SNP
i F CDS X . i F CDS XA R X 4 h5 5[] S 44
R KT 1, B & AL Ak F 2 3O 11

Bl 8

Pl i gE it

Statistics of the sequencing data quality

S22 B NA LGt

Alignment statistics with the reference genome

BEAERELE EAEE BRI

) ; P
Fom R Q0% Q0% GO e i fsx X
T R WA PUECR W
ype reads %{ e w(%) (%) &%) " (%) (%) (%)
I EL reads % (%) Average
Clean Q20 Q30 GC . Coverage Coverage Coverage
Clean bases Total reads Mapped sequencing . . .
reads content content content denth ratio ratio ratio of
e
P of 1X of 5X 10X
KAEFER L 78997461 23670292756 97.55  92.97  33.80 157994922  83.36 35 94.59 91.53 88.79
FEAEFERY S 73924156 22150916646  97.38 9259  34.06 147848312  82.96 33 94.54 91.42 88.58
L: Long style morph; S: Short style morph; The same as below
®3 EMSNPERLRLGIT
Table 3 Statistics of SNP variation results in Forsythia suspensa
A [m] St/ [7] S ity
, " A [ X ity ] X 4 [
s SNPHCH e b O R *
. . . Nonsynonymous Synonymous Nonsynonymous
Type SNP number  Transition Transversion Ti/Tv . . .
coding coding coding / synonymous
coding ratio
KAERER L 3461450 2290570 1170880 1.95 78942 62449 1.26
RIAEAERY S 3393630 2245497 1148133 1.95 78417 62125 1.26

A L[N 2H SNP 2872 0] 73 1 6 26, 3 il & C: G>
A:T;C:G>G:C;C:G>T: AT A>SA:T; T: A>C: G,
T:A>G:Co LAT:A>C:G R, SR 27 SNP 2848
FAE TRAL R CARAE N G, Y THRAS Jy C KA
MAESHFL A ERE B AR GRS %

FEH S BE R AR R B . W 1 PR, 45 4 2 [
ZH SNP RAFKAIFf C: G>T: A LI K T: A>C: G T |
o B m T HA 425(C:G>A:T,C:G>G:C, T: A
>A:T, T: A>G:C) , KAEFERLE RS 5 A8 A AL %
RRFRIS TR LI AH 2, JCRH S 25 5
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Fig.1 Distribution of SNP variation types of long style
morph and short style morph in F suspensa
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Fig.2 F suspensa long style morph and short style morph genetic differentiation coefficient Fst Manhattan graph
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Fig.3 F suspensa long style morph and short style morph nucleotide polymorphism 7 ratio ( 7, / 7, ) Manhattan graph
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(T 5% 7K ) 45 G 10 J7 12 0 1 22 3 6 DX 3l A 6 AT
&l 4 7R S 58 43 st 4% 43 Ak 22 8 Fst>0.095 52 1%
PRI, W5 B 5 20058 5343 51| R Fst 45 & n ratio
TE T 5% /KT J6 48 AE 8 5 K FE 4 L 9 37 3k 4
X . 7E Fst>0.095 L) & zratio=1.29 %5 16 A% Kl 52
TEPET 12 I AL B 295 A R o T ki 55
AN, Hodr 284 A4~ 3L [N 7E COG KOG , Swissprot .
TrEMBL ., Pfam . GO .KEGG %5 £ 4~ ¥4l JE v 4%

R
24 EAEEFATEFESIR

Ry it — 2 oy i 2 BE R A B T fig , X GO
KEGG i e i i B4 SR kb A 740 M. GO 358 &
B 3 KA AW # L #E (BP, biological process)

41 1 40 1F (CC, cellular component) .53 7 I fiE (MF,
molecular function), K5 B /R7EAY At fEp E 4R
5 B 102k B Nt & 1F F (Photosynthesis, GO :
0015979) . £ = ¥ {K i B2 (Multi-organism
processes , GO : 0051704) ; 76 41 itd il 2 & FE 50
Z 4% B oM g R 2 38 /AR 5 (Chloroplast thylakoid
membrane, GO: 0009535) | )% 2 4t 11 (Photosystem
I, GO:0009523) ; 77> ¥ L & SR AL i 25 1y =
H:4H 7 rRNAZ5 45 (fRNA binding, GO: 0019843 ) |
24 5 R W 9 K T 75 P ( Serine-type endopeptidase
activity , GO : 0004252) | i 25 5 B it 1 1k ( Terpene
synthase activity , GO: 0010333 ) . 5z & $ 5t K 7F
FE P00 A K R B DL AR R 4 O T k4 T B
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i LA

The abscissa represents 7 ratio and the ordinate is the Fst value, corresponding to the upper frequency distribution plot and the right, and the dot plot

in the middle represents the corresponding value of Fst and # ratio in different windows. The top red and blue regions are the top 5% regions selected

by zratio, the green regions are the top 5% regions selected by Fst, and the middle blue and red regions are the intersection of Fst and  ratio,

which are the candidate loci. The frequency corresponds to the part of the normal distribution in the figure, representing the corresponding SNP

frequency distribution. The cumulative trend corresponds to the black curve in the figure, representing the proportion of

SNPs less than or equal to the value of the region
E4 ZERKEHBSERERPNZIEFEXIE

Fig.4 The selection region of long style morph and short style morph of F suspensa



34 FhIEA S - He T VPRI BRI 2 4 e T AR AL g e Sk [N 457

= Photosynthesis - _ B Chloroplast thylakoid membrane. _ ¢ FRNA binding .
Glucose metabolic process - Photosystem II - Serine type endopeptidase activity .
Multi-organism process - Obsolete membrane part- _ ‘Terpene synthase activity I
ek onk i ko) pune  Orwetouermentrne [ il e o e irbionbgbird || s
Isoprenoid catabolic process - g-g; ‘Whole membrane - 001 DNA- directed 5'-3' RNA polymerase activity .
Terpenoid catabolic process - - | 003 Outer membrane - I §:§ Chaperone binding I u:ow
Farnesyl diphosphate catabolic process - o Ribosome _ ) (- )-E-beta-caryophyllene synthase activity I
Terpene metabolic process - Plasmodesma - Alpha -humulene synthase activity I
Farnesy! diphosphate metabolic process - - Nuclear wﬂﬁ’m&;ﬂmﬁ Sesquiterpene synthase activity I
Terpene biosynthetic process - Organelle subcompartment - Magnesium ion binding .
0 100

25 50 15
FF % H (%) Gene number

0 5 10
R % E (%) Gene number

0369
FFE $H (%) Gene number

AP R E B Y S H 5 C T I RER H
A': Biological process category; B: Cellular component category; C: Molecular function category
E5 ZEFEESGOEESN

Fig.5 GO enrichment analysis of selected signal
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