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Identification and bioinformatics analysis of CHS genes in different phe-

notypic leaves of natural hybrid progenies of red-kernel walnut
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Abstract: [Objective]Anthocyanin is a widely distributed flavonoid metabolite, which plays important
roles in setting color in plant tissues and organs. Chalcone, the basic skeleton of flavonoids, is the key
position in the whole flavonoids synthesis pathway, and its synthetase (CHS) is the first key enzyme in
anthocyanin synthesis pathway, which determines the anthocyanin synthesis direction and the final prod-
uct numbers. In this research, the function of JrCHS genes in the anthocyanin biosynthesis was studied
to provide a theoretical basis in the molecular mechanism of anthocyanin synthesis in red-kernel wal-

nut. [Methods] By comparing the results of transcriptome sequencing with walnut genome database,
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four CHS genes, JrCHSI-JrCHS4, and corresponding Chalcone synthetase as functional annotation
were selected from different phenotypes (red leaf and green leaf) of natural hybrid progenies of red-ker-
nel walnut in three developmental stages. The corresponding sequences, physicochemical properties and
structural functions were analyzed by bioinformatics. The basic information of CHS genes was obtained
from NCBI database. The isoelectric points and molecular weights of CHS proteins were predicted by
ExPASy tool, and the subcellular localization of CHS proteins was analyzed by Cell-PLoc online soft-
ware. Tbtools software was used to identify the structure of CHS genes and chromosomal position.
MEME online software was used to analyze the conserved motifs of CHS proteins. ProtScale and TM-
pred software were used to analyze hydrophobicity and protein transmembrane, and SOPMA and
SWISS-MODEL were used to predict protein secondary and tertiary structures. The sequence of multi
species CHS proteins was analyzed by MEGA 7.0 software, and NJ method was used to construct phylo-
genetic tree. The upstream 2000 bp fragment of CHS genes was selected to analyze the cis-acting ele-
ments of promoter by the PlantCARE software. The RNA-seq data of different phenotypes of natural hy-
brid progenies of red-kernel walnut were analyzed, and the CHS gene expression map was constructed
by TBtools. Finally, the expression levels of all genes were analyzed by qRT-PCR. [Results]There were
significant differences in color phenotype and anthocyanin contents between the two types of leaves at
different development stages. Four JrCHSs were located at Chr 1, 2, 3 and 7, respectively, and the physi-
cal and chemical properties of the corresponding proteins were similar, which were mainly distributed
in the cytoplasm. Four genes only contained one intron structure, and the difference in distribution was
small. The number and location of protein conserved motifs were the same, all of which belonged to hy-
drophilic acid protein, without transmembrane structure. The proportion of a-helix in all protein second-
ary structure was the highest, and the three-level spatial structure models were composed of single helix
protein subunits. Multi species phylogenetic analysis showed that four JrCHS proteins had high homolo-
gy with known anthocyanin synthesis related proteins such as CnCHS, RsCHS, VaCHS, PtCHS,
LcCHS, DICHS, MeCHS, PgCHS1 and PgCHS2, and it was speculated that their functions were also
similar. Using PlantCARE, hormone response elements, stress response elements, light response ele-
ments and transcription factor binding site elements were found in JrCHS promoters, and all the promot-
er sequences contained multiple MYB and MYC transcription factor binding sites. Four JrCHS genes
were expressed at different stages of leaf development with different phenotypes, and in the first stage,
the expression levels in the red leaf were significantly higher than those in the green leaf, which was pos-
itively correlated with the color phenotype and anthocyanin contents, and there was also different expres-
sion in other stages. qRT-PCR analysis further confirmed the above results and verified the reliability of
transcriptome data. [Conclusion]The structure and function of the four JrCHS genes and their encoded
proteins were similar, which may be due to the differentially expressed genes related to anthocyanin me-
tabolism in different phenotype leaves of natural hybrid progenies of red-kernel walnut.
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Table 1 Primers used for qRT-PCR
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A. Phenotype of different color leaves in natural hybrid progenies of red walnut; B. Relative content of anthocyanins in leaves of different pheno-
types at different developmental stages; SG. Seedling progenies-Green leaves; SR. Seedling progenies-Red leaves; 1. The early stage, the leaves are
all red; 2. The middle stage, the leaves are red and green; 3. The later stage, the leaves are close to aging and tend to be all green; Bar=1 cm. The dif-
ferent small letters indicate significant difference at p < 0.05. The same below.
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Fig. 1 The different color phenotype leaves of natural hybrid progenies of red walnut
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A. CHS genes expression profile in different phenotypic leaves of red walnut progeny, the scale bars represent the log2 transformations of the

RPKM values. B. qRT-PCR analysis of candidate CHS genes, significant differences were compared among different phenotypic leaves in the same

W

stage,

& 2

indicated significant difference at p << 0.05,“ ** ” indicated significant difference at p << 0.01.
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Fig.2 CHS genes expression profile and qRT-PCR analysis of candidate genes in different phenotypic leaves

of red walnut progeny
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(AFM74036.1) 5 & R ¥ Populus trichocarpa PtCHS
(XP_002321081.1) ; E.#% Eucalyptus grandis EgCHS
(XP_010028921.1)
LjCHS (AGE10597.1) ; 38 8k Prunus persica PpCHS
(AJA79072.1) ; & AE 7% Camellia nitidissima CnCHS
(ADZ28512.1) ; ¥ K ¥% Abelmoschus esculentus
AeCHS (AGW22222.1) ; #1 B% #£ Rhododendron sim-
sii RsCHS (CAC88858.1) ; #h Ik A& Rhus chinensis
RcCHS (AGH13332.1) ; [ifi Hu M Gossypium hirsutum
GhCHS (ABS52573.1) LA % fif 1€ Nelumbo nucifera
NnCHS (XP_010249317.1) % 24 /M F ¥] CHS £ F

; 4= R A€ Lonicera japonica
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3 Analysis of CHSs gene structure, protein conserved motif, domain and chromosome location in walnut
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Table 2 Gene information and physicochemical properties of CHSs in walnut
LT 4 10 FEKKE  AERER  ATRE  Sh wmmek  BHPRE
Gene HWGis  HHID Length of CDS  Number of Molecular 55, Subcellular ~ Frotein identity/%
Gene code  Gene ID . - -
name sequence/bp amino acids/aa mass/kDa  pl location CHS2 CHS3 CHS4
JrCHSI  gene32601  LOC108988452 1179 392 43.03 5.98 A1ff 5t 8091 6129  73.10
Cytoplasm
JrCHS2  gene39336  LOC108995889 1170 389 4253 6.34 ANt - 65.08  73.32
Cytoplasm
JrCHS3  gene4994 LOC109001281 1185 394 43.05 6.09 2 5T - 67.46
Cytoplasm
JrCHS4  gene35863  LOC108992049 1170 389 42.62 6.68 A 5T -
Cytoplasm
F3 &k CHS EH R &ML
Table 3 Secondary structure proportion of CHS protein in walnut o
S| o- MRt STk B ToRLI A i
Protein a-helix Extended strand f-turn Random coil
JrCHSI1 46.27 15.17 7.20 31.36
JrCHS2 47.30 14.40 6.43 31.88
JrCHS3 42.39 15.74 6.60 35.28
JrCHS4 44.99 15.42 6.68 32.90

MWEARGRKEM (B 4-A), RILR2ANEATTE N3
ANEHE MR ITE A — R kY, 5 ALY R oE
G R, BN —2%. Bk IrCHS1.JrCHS2 I
FE 35, 541625 CnCHS . k1% 1€ RsCHS LA %
W54 VaCHS SE 4 Kk R 00 s &%k JrCHS3 . JrCHS4 A
T—4H, Hd JrCHS3 5 E 14 PtCHS . 75 1 LeCHS
A J2 e R DICHS 55 2% 5% R0, 1 JrCHS4 5 A 2
MeCHS 14 PgCHS 1. PgCHS2 [7] ¥ 14 %5 vy , el
HIhfetAel. ZF 54 (K 4-B)R, &%
YIFh CHS &5 18 Ak — 01 78.01% » FHAUL 5%
i FAA AR F DR ST 4554 o
2.8 1%tk CHS £ EH B zhFF 5 <IN 1E A T
S

J& Bl T e TR SRS UG 1 B AR A
T HF AR aE 2 AR O, RIEEAD
[F 1) T e o AR NIR T A% bk CHS 3 R T g, ik
B 46 %5 15 7 | % 2000 bp 1 FE 5 /E A R 3 T
[X_, | F PlantCare % {1 Fll 4 /> JrCHS %5 K] _E ¥
JE B F JC A, B 230 B 10 AN BB A 2 10 S0 B I
RAER T AT 0T (R 4) . SR BIR, KRN
Ja 8 B & #% 0 J8 31 J7 51 TATA-box - 3 7%
F Ju 1 CAAT-box 25 $iL B B % AE W 1 JE 3+ Je
Ab ik £ F K & B i B AE A T fF (ABRE.
TGACG-motif. ERE) - i 1& 1 2 /E F Jo 4 (TC-

rich repeats - ARE . MBS) . ¢ i i 76 £ (Box 4 G-
Box) LA K& % 5% Bl 7 45 A AL SAE H o (MYB-
binding site. MYC- binding site) % . It b, %
JrCHS B2 H J3 3 1 ¢ 1l h 8 5 2 4> MYB % ¢
T 45 447 5 (CAACAG/CAACCA/CAACTG) All
MYC # 5% N F 45 & I i (CATTTG/CATGTG/
TCTCTTA) , % W JrCHSs 3 IE L H H A &
RIE R E BN ER, 7T 5 MYB.MYC % i
B FEELFER T/ ZIEHE A K
HR&R.

3 % w

CHS ZE Rl e — M B H KR, T IZ A7 T & Ff
TR PR 2 R S RS 2 Bl L R ) CHS
B O v ok . BESESRBH , CHS B2 R BR fE L RS
T RO 4 B R B S LR R A, F A A R
(1] CHS /& 2 B P, B # AR & 44
CHS Z: K™, T3 K E P i &4 8 4~ CHS %
DR o ASHIF 7038 T2 S5 2EL 00 e s » 3305 17 A%k
CHS 3 A , 3t — B ik /3 2] 7 4 MEAA- B B 2R
FAL Ja AN R R B Jyr 2 [ A7 AE B35 22 e R IA )
JrCHSs (JrCHS1~JrCHS4) , %t H I AAE B J Yt 8
TR S M AT T A A . Forb, 44N JrCHS 2
RN S50, R G/ 2NN E TR RS T
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A. Phylogenetic tree of CHS protein system in walnut and other species; B. Multiple sequence alignment results of JrCHS proteins. The blue boxes

indicate 50% identity of amino acids, the red boxes indicate 75% identity of amino acids, the black boxes indicate 100% identity of amino acids.
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Fig. 4 Phylogenetic tree analysis and multiple sequence alignment of CHS protein system in walnut and other species
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Table 4 Pivotal cis-element analysis in promoter regions of CHS genes in walnut
. . gt F et R
Jlbﬁiﬁﬁ?ﬂﬂ ot e . Number of cis-acting elements
cis-acting element Function
JrCHS1 JrCHS2  JrCHS3 JrCHS4

ABRE ABA {551 4 5 10 5
cis-acting element involved in the abscisic acid responsiveness

TGACG-motif AR5 5 W L 0 1 4 0
cis-acting regulatory element involved in the MeJA-responsiveness

ERE i BTG Ethylene-responsive element 5 0 4 2

TC-rich repeats agrilkn] 7S ERER=A v 1 1
cis-acting element involved in defense and stress responsiveness

ARE R T R N 3 2 3 2
cis-acting regulatory element essential for the anaerobic induction

MBS TR S 1 0 1 1
MYB binding site involved in drought-inducibility

Box 4 Fem B o4 Light response element 5 0 7 3

G-Box JeHi B G Light response element 6 5 12 5

MY B-binding site MYB # 3 K745 07 1 6 5 2
MYRB transcription factor binding site

MYC-binding site MY C#F K T 45607 1 6 7 2

MYC transcription factor binding site

5 AW F B R Y T CHS I 5 IR 45 4 A
o 4 JrCHS B: R 95 85 1 I OR <7 25 17 a5 /AN
FEABL, 3K Sy J SR BRAIE 25 2 R FE A6 5 H A 0 & g 12
R E AR AL T — o 3R SRl

T A A JrCHS B2 R A AL T T A
BRERTRAER . WE TEARGEKEN, KN
JrCHS1.JrCHS2 5 &£ 7% CnCHS \FLHS £ RsCHS &
W5 %5 VaCHS 56 4 X 2 i, iCHS3 5 E & %
PtCHS. ## 1% LcCHS EA J % R DICHS 5 4 % R i
i, JrCHS4 5 K 2 MeCHS } 47 4% PgCHS1.PgCHS2
F G R REL, O WA K W CnCHS- VaCHS-
LcCHSDICHSMeCHS & PgCHSs $51Z 546 1 [
AW O, TR HE 4 /S JrCHS 3 IRFE 404~ A% Bk
HHETRAE RS R RS — e e .
U4, X JrCHSs J& 31§ IR AE FH ook i 47 0 #r, &
PS5 RS 3l 7 7 51 HR 2 o K SRR A FH Tk
ABA RefS (i i3k S S R G i » 1T PN IR e g 2 P
B K 2 B il i B s B R B0 1 #OR 52
B JrCHSs B JE 87 51 H AL & ABA Wi PR 5T
AE FH JeF (ABRED , #HE3 H 7] 58 57 1) ABA %5 4 I8
BRI mAAAE FHNERSHEY. MYB
5 MYCHLHD 2 EYET & s g 4 8 2
P2 SR A 4 IR 7, L B O [ 1 Y 24 AT i 45 A
T 45 K L TR R 3l 7 336 M SR (1 b B4 o 12 2 R /g 3%
KB, K 44 JrCHSs BE T E A 2 A

MY B-binding site-MY C-binding site {F /i 7o, % B
HOE ) Z B A B A e BT E DLRE R
EIKE, NI ML H A& RS R, A
W FL% 3 20 HE AAE H oA i 5 4 i, s 2k
LR DhRe I Fe S it 1 R

RN EE TGRSR NMEENR
G0 TAE, 75 AR R o I R AN P B 3% i K B
5 (A1 AH G I R 2 5 4%, A [ 5: R ZE AR AR A
[F 2023 AN [F) e I A ) Rk A s A AR ) A
ZELEOI T, A CHSY IE R A6 )G RIS BT =R
Je VR BRI, 28 SR AT AR X — IR T e, SR SRR
G PG IR SR RE ALk AE T H AR
AR BEMRIEE R SIEENRAATRSRZ
PN TEAR W 727§ P Sl = AW N it I €A
i SR A&k SG) e s H B 45 2R , K IN 4 1> JrCHS
BEDE I FR B (AR [RUR B I A Rk, B
BER L b R E R E & TS, X 51%
BB R R R K KA P REERGERE K
TR AR A, T 2 B JrCHS4 AE 21 /R 30K B
& TG4, JrCHS 1~JrCHS3 Y78 G of i ik B
T L0, A R I L R T I S 2
BH, B AR I , S350 7 CHS JE K BRI S B A%, T
KM s O, HIEF RG22 k. 1
3, AL R B AR GE RO G, T KA SR A 6 R
WHEHA RSB TRE, JrCHSs ik & L H A
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HROEAEAOH P E T oM. & ETR, 44
JrCHS K ) 31K 7K1 5 I Fr Bt 3R B AR A Je L AE
HERG B IEMX . qRT-PCR ZMHT45 Bt — b
UE T #eS 1S5 3L, R NAIE S 4 AN JrCHS 25 R 5 41
{Z R KA T A& O A A e HR A TR B0k 0
BEAb, S 5 & BT B R JrCHS I 3255 B 72 I 1
1.3 PRI (B 8476 8 38 2 57, R IR e F ik

CIA KM — Tl 2D UL ) K7 S0 R kAR o 1 S 2%
WA RKEEEENEGRSH R CHSIEAEE
B R AL B O BEAE FH Il , A 7 LG A I8 A R
N e A A AR RSO B 2R R A A e PR
TEF T & — RVIEE KA, Wi m RN
WHEH DA R SR, CHS B F M Thie 5 3L
AUV R B AR K & W B AP SRR S5 1 S5
YK Z, 0T A CHS B (I HLE A 15 5
RN T AN, e EHAEY SRR EZHER . 2
A& RIS S51EH , CHS S 45 M ERE &5
3 Fh#E 5% K -F MYB . bHLH A1 WD40 /& 1% 'l MBW &
H WG G R AR AN LT A

4 # B

AR T Ak B AR A8 S5 AR R R A
(LI FAGR I ) B S 7 45 R, T ie 15 81 4 A 3%
# 5 F3k CHS IE R JrCHS1~JrCHS4 , e 359 5 HoAh Wy
FRAETE T A BURH 5G 5 R A e [RIE 1 , B &2 R
Ja 3+ 7 A A 2 A MYBMYC % 5% K 1 45
S0 AR O . JrCHSs ik 7K F 5 it
R e AL TS =& & 2 AEAH G, WD HEW 2T
(AT T AR RO 2 S RIS [
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