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Cis-and trans-regulatory variants affect
flower color differentiation between lotus
species

January 11 2023, by Zhang Nannan

e

F1-H8

1.00e-50
1.00e-40
1.00e-30
1.00e-20

Nelumbo nucifera Gaertn. =
Gl i Parental divergence Allelic divergence in F1s
§ F1-H16 Crossing Finn
NL
N N
NeIumbo lutea Pers. - .
F1-Hg & Cis + Trans (A): Cis (B):
A= log2 (NNINL) B=log2 (F1nn/F1ni)
Trans = A-B
7.10%-11.90% 150007
fA#0 fB#0 ¢ 1: Cls only
IfA=B
45,89%-55.46%
HA=0 ¥e=0 } { 6 : Conserved | 2 = -
S 10000
5.24%-8.77% o
: : Trans only I s
0.35%-0.86%( 3 2
KBx(A-B)>0 E  so00]
z
IfBx(A-B)<0
0.86%-2.48% 0
p Y 0 T T T r T T T
L3 . - G;h‘ h
9 . o 2 2 o £
Other combinat 25.32%-35.48% ‘Ambig Q:{c gts’ W& && g& g"b Q{b gs:
LA A A
@ 1.Cisonly 2.Transonly @ 3.Cis+Irans:enhancing @& 4.Cis-Trans:compensating @ 5.Compensatory @ 6.Conserved 7.Ambiguous
$1: Correspondence of categories 52: Correspondence of categories 5§3: Correspondence of categories S4: Correspondence of categories
0 Q.
. I i ;i
v WL [TEPY E
@ © o

Fi-H16

1.00e-10

The cis-and trans-regulatory variants in Nelumbo nucifera, Nelumbo lutea and
their F1 hybrids (F1-H6, F1-H8) based on Allele-specific expression analysis.
Credit: WBG
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Gene expression rewiring often contributes to phenotypic evolution
between newly diverged species. Changes in gene expression patterns
can be caused by mutations in either cis-regulatory regions (promoter) of
the gene itself or trans-acting regulatory genes (transcription factors).
However, the effects of cis-and trans-regulatory variants at the whole
genome level of gene expression leading to phenotypic differentiation in
floral organs during the closely related newly diverged species are not
very clear.

Researchers from the Wuhan Botanical Garden of the Chinese Academy
of Sciences (CAS) selected two lotus species, Nelumbo nucifera with red
flowers and Nelumbo lutea with yellow flowers in Nelumbo, and their

F1 hybrids as experimental subjects. Based on single nucleotide
polymorphisms from re-sequencing and transcriptome sequencing
among parents and F1 hybrids, the global allele-specific expression
analysis was carried out to uncover the relative contributions of genome-
wide cis-and trans-regulatory divergences to differentiation of flower
color in interspecies.

Combined with contents of total anthocyanidins and carotenoids in high-
performance liquid chromatography, they focused on the role of cis-and
trans-regulatory variants on key genes involved in anthocyanin and
carotenoid biosynthesis pathways.

The results revealed that trans-regulatory variants had higher correlations
on the differentiation of gene expression in petal tissues between the two
species. And genes with significantly higher expression in N. lutea
tended to be regulated by trans-regulatory variants.

In addition, hub genes in modules from anthocyanin-and carotenoid-
related weighted co-expression networks were preferentially regulated
by trans-only with dominant inheritance, which involved the rewiring of
the anthocyanin and carotenoid gene regulatory networks between the
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two species.
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Genes from different cis-and trans-regulatory variants exhibit different
inheritance modes. Credit: WBG

Genes with different regulatory categories preferred a specific
inheritance mode of gene expression in F1 hybrids. Genes under cis-only
and trans-only regulation were significantly enriched for additive
inheritance and dominant inheritance, respectively.

Additionally, genes under antagonistic cis-and trans-effects (cis-trans
compensating regulatory variants and cis-trans compensatory regulatory
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variants) showed significant enrichment of transgressive inheritance.

In pleiotropic constraints, genes with trans-only regulation exhibited a
relatively broader expression breadth and a higher expression level than
genes with cis-only regulation. They were more likely to be retained
after whole-genome duplication in lotus and be subjected to higher
selective sweep pressure.

There were multiple known genes under cis-and trans-regulatory variants
in modules from Weighted Correlation Network Analysis involved in
anthocyanin biosynthetic pathway and carotenoid biosynthetic pathway.

The anthocyanin 5- aromatic acyltransferase gene underwent cis-trans
compensating regulation and the glutathione s-transferase F11 gene with
cis-trans enhancing regulation exhibited much higher expression in N.
nucifera to promote anthocyanin accumulation.

The expression level of the lycopene e-cyclase gene was significantly
higher in N. lutea to promote carotenoid accumulation, suggesting cis-
and trans-regulatory variants involved in the rewiring of the anthocyanin
and carotenoid gene regulatory networks.

The expression differences of these three genes had important impacts
on the flower color differentiation between the two lotus species. The
results from this study provide a new perspective on the genetic
mechanism of phenotypic polymorphism in Nelumbo.

This study was published in Plant Physiology, titled "Expression
inheritance and constraints on cis-and trans-regulatory mutations

underlying lotus color variation."

More information: Zhiyan Gao et al, Expression inheritance and
constraints on cis- and trans-regulatory mutations underlying lotus color
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variation, Plant Physiology (2022). DOI: 10.1093/plphys/kiac522
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