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Abstract: Citrus suavissima ‘seedless’ (Wuzi Ougan), a bud variant of C. suavisstima (Ougan), maintaining
almost all excellent characteristics of ‘Ougan’ except for seedlessness, and chalcone synthase (CHS), playing
an important role on plants by providing floral organs with different types of flavones, were used in this study.
To indicate the role of the CHS gene family in male sterility in Wuzi Ougan, four CHS homologs were differen-
tially expressed in a comparative analysis of transcriptome and proteome between Wuzi Ougan and Ougan. The
CHS homologs in Wuzi Ougan and Ougan were isolated and their expressions were individually analyzed in
different developmental stages of anthers and floral organs. Then, a bioinformatics analysis of the CHS gene
family was carried out based on the clementine mandarin genome. Results showed that the nucleotide se-

quences of CHS homologs derived from Wuzi Ougan and Ougan shared more than 98% similarity with their ho-
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mologs in clementine mandarin. Real-time polymerase chain reaction (PCR) showed that Ciclev10005133m,
Ciclev10030093m, and Ciclev10015535m were down-regulated at microsporcyte in Wuzi Ougan; whereas, Ci-
clev10005133m, Ciclev10001405m, and Ciclev10015535m were down-regulated in Wuzi Ougan at meiosis. In
terms of tetrad, Ciclev10030093m and Ciclev10001405m were down-regulated in Wuzi Ougan (P<<0.05). After
pollen maturation, Cicler10001405m and Ciclev10005133m were mainly expressed at anthers (P<<0.05). The
bioinformatics analysis revealed 13 CHS genes that were identified in clementine mandarin. In conclusion,
members of the CHS family maintained high similarity in coding sequence (CDS) and were differentially ex-
pressed between Wuzi Ougan and Ougan in anther development, which was expected to contribute to male
sterility in Wuzi Ougan. [Ch, 3 fig. 6 tab. 15 ref.]
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HEVEAR B IEF ALY DB AP A, FER AR R T AL, ARe7 4 BAIEw TRemem ",
‘TCTFRRME Citrus suavissima  ‘Seedless’ ZRLHE Citrus suavissima B 2578 SRy, A% 58 7 BEAT 1A 53 100 3
AR MR R O0 R, R SEBANTE B, OT55I Dy, HEEAT & T TR E
BIRRZ 2, sRIBEFEVRI T TR e IE I TN BRI, I A E S RE AR
W ME R IR Z A K, XEEAL Petunia hybrid™, A0 Lycium barbarum®’, 3# Capscum annu-
um'“F1 8 |~ Raphanus sarivus"™ 55 R 58 & B, 2K G B AE JE R (CHS) 19 50 =35 23 51 R M MEAS
B CHS 2 FZALE Y ACHE B b i SCBERE DR, 3 3 52 i A 2 JR 174 7™ A AT 52 W) 865 B 28 46 5 90 1 A= )
FRY, TG Y R B Z A R YA T M E R 2 — o AR R A 10 AN RS S
By CHS 3R S5 M &M K 4 5 Citrus unshiu  ‘Guoqing 4°, i ‘g’ Citrus maxima ‘Fengwei’
FIEHRE LI A Citrus sinensis  ‘Ruby’ [ CHS HXF, & U [E] & PR AR 09 CHS JE [ 4 5 X 1T R 7
GURIALBE MR 7, 3% 98% LA 1% AHIFSE LA AR g Jkaiti, LAye L& T4 Citrus clementina ¥4 i %
HR, b S TC T BRAT FNRRAT /N6 B 20 A I 3 1 48 2 HEA T e sk A REE B BRI Y, Ok CHSS [R5 2 S
FIRFER AT e e AR IR A, JFXS CHS B: R KW AT ARG B 700, DU o R A
ANEHLFRR A ST T Hehl .

R I/

1.1 SEEH#

L1 B3R T RME RIRERT /N6 Bk 0 B 39 A 6 24 7 3 2 0 580 U ) ERABEA 1 4% 1) NCBI
Budli (NCBI % 55 PRJNA430695)

L12 A4 CTFRAT FORICNT R B WA I K T e G e 2 H SRR, SRR R S BT S
KA CTC TR R T BT AR R R AT SRR O R . CRAEW E/NME TR (L, R ER
2.0~2.4 mm) , ARSI, FETE AR 2.4~2.8 mm) FIPU R (I, 4675 E 4% 2.8~3.1 mm) [ 7E
2y, TR & & I e BRI R A i o SRR P AL BRI I AE 7E (FE7F B AR 6.5~6.9 mm) [ 4
NAEFROL (A2 . B22 . MESSAAEME) , M T 0B AN EARAL A B R e ak i o Fin g w4 RS O A7 5780 C.
12 EEZEMERREZESN

A A RNA 2GR 57 & (TaKaRa MiniBEST Plant RNA Extraction Kit, TaKaRa)#2HRL A . JCTFBRL
R N T) & I 30 ) 48 28 A SCAE Ry RL I AR B A TR AR AL A RNA, JFxF RNA A% Bt st AT A 4% )
¥ 5487 & (PrimeScript RT reagent Kit with gDNA Eraser, TaKaRa) i BH 45, #1453 ) RNA 2 % 3% %
cDNA, JfF-20 CLRAT.

DA v B TR S R LB P 7%, R /INEL B AR R T TG RERE T RIRRUN 4 6 25 R 1 5 Sk 4 A
EERA ST, %E3 CHS SRR KR 5L DL RBFEE(FC) >1.2, Hiid A4 (FDR)<<0.01 3
PRUE", TRk ] CHS [A) I 25 R R IR DL 22 5 BB E(FC)>1.2, B (P)<0.05 htrifE, i
& CHS [R5 22 5 R KE H .

XA R Y 22 50k CHS B 64T ve b Mo i n | it o xb S Jo Rt MERAT Y CHS JE 5 2
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JR 415 X (CDS, Coding Sequence) #1770l . 5 A 4k 2 [ i (PCR, Polymerase Chain Reaction) 2 4 95
C, 5min; 95C, 30s, 56 C, 40s, 38 MEH; 72 °C, 10 min, PCR ;=W im0 80 1.5% 55
BEEE RS o HL vk o AT I AR) & (TaKaRa) 2646 52 0150 ) 9 1% 45 3] pMD-18 J5i kL (TaKaRa), %1k /&%
%A KW W Escherichia coli DH5a(TaKaRa) #, 37 CE & F I m bk @ . @ o 3 ) PCR K Hi ik
RO, e 2% R /INIE A P BRI 6 AR A DA () A IRA WY, SRR IR F 51

Phvi B2 TGP M, EZR1%TT qRT-PCR 5 5 14 51 9 (https://www.genscript.com) , DL # Cit-
rus sinensis [ Actin R (GUIN1361) N ZIEH, 5I¥F o)L TAY TR (EE)ARA RS Fl
] CFX96 real-time system 5Z i} %¢ 6 2 f PCR X (Bio-Rad) & % 4t #F SYBR® Premix Ex Tag™ Il (TaKaRa)
Vi H BTS20} /| PCR, SO AR 95 C, 30s, 95°C, 5s, 57 °C, 30s, 39 MEH, 65~95 CH
A3 =y it 2™, R 3 ANESE, MRS 27 Ty, DABRAT /N B A0 M A 2 1 R 0k
N ERETT R R AR Rk Y, AR T RN RIRRA A A 245 AN W) R T I RAE R R U AR 7 A TR
AT 1Y) ik PR e A 8
1.3 CHS EERKEEMERFESH

W& CHS TR 4 i DX A% R 17 A ARARLBE B ™), DRI DA o B 2 T4 Ay 9 F 8 CHS TR S 3 1 o 1)
G B, B RS TRBIEE, TR CHS SN KIFH . 5K CDS ¥4, FikE M ¥ %
=8 A R ARS8 i R B FE ExPASY (https://web.expasy.org/protparam ) #4725 [ A= B A= 1623 BT o
EETOAME", FIH CELLOV2.5 #E47 W41 M 2 17 o 38 13 7E 2 54 & Prabi (https:/npsa-prabi.ibep.fr/cgi-
bin /npsa_automat.pl?page =npsa_sopma.html) #1755 [ — &5 # 43 Hr . Al Fl MEGAG6.0 %% 4 5% FH 40 3% 32
(Neighbor-Joining) #4 # 75 B 2 T 4% (https://phytozome.jgi.doe.gov/pz/portal.html#linfo?alias =Org_Cclemen-
tina) . @& & (https://phytozome.jgi.doe.gov/pz/portal.html#!info?alias =Org_Csinensis) . 1 ¥ J% Arabidopsis
thaliana (https://phytozome.jgi.doe.gov/pz/portal.html#!info?alias =Org_Athaliana ) #1 /K & Oryza satava (https://
phytozome.jgi.doe.gov/pz/portal.html#! info?alias=Org_Osatava) i) CHS [a]JF 2 H R G AL, 15 & Bootstrap
4 1000, ZBR LR S0%M 1A, HBRFEH LK,
2 HRGA
21 CHS EREZFEHRHEEFMTE

X /N BRI RS e TR RTRION A8 25 5 s 2 R A 1 B AUEE e b, 2EAR R 10 A CHS TR
VAL (R 1) 5 B st 20 Fp 45 SR W6 2 22 5 R AR B> 1.2 Hoa iR K &R <0.01 1A 3 DIk (G-
clev10005133m, Ciclev10001405m, Ciclev10030093m) , F [T 21 I o 25 L ik J2 2 53 3R A A% 40> 1.2 FLI
WA <0.05 ARUERY A 1 D EEH (Ciclev10015535m) o 1351y 4 4> 22 5438 CHS KL 519 ¥ 5 n 3% 2.,

®1 'TFHEM CHSERZRBERRRENGFHABRMNBARANREE

Table 1 CHS gene family and expression in C. suaissima ‘Seedless’ at microsporcyte

N 24 Bk ZESERINAER R R AR MRBE A e EA ERFBME BIRRIARME AR
Ciclev10015535m 0.76 0.004 6" Ciclev10028604m 5.50 0.161 3*
Ciclev10005133m 0.65 0.007 5* Ciclev10030093m 0.71 0.007 9*
Ciclev10001405m 1.32 0.006 3* Ciclev10028605m 091 0.144 1*
Ciclev10001413m 5.50 0.595 4* Ciclev10030398m 5.50 0.399 2¢
Ciclev10001395m 0.94 0.717 6 Ciclev10001905m 0.90 0.064 2*

VLT a RS R IR b s BIHER
®2 EEmESY

Table 2 Sequences of primer for gene cloning

SEIN 24 T b WESI# (5 —3") T4 (5 —3")
Ciclev10005133m ATGGTGACCGTCGATGAAG CAGTGTTGCCGCTGCTTAA
Ciclev10001405m ATGGAGAAAGTTAAAGATG TCCCTACTGTTACAACCTAG
Ciclev10030093m ATGACGACAGTGAAAAGTAA ACAAATTTCACCAACTACTGA

Ciclev10015535m ATGGCAACCGTTCAAGAGAT GTGTCCCCATCAAAGCTTGA
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qRT-PCR ¢ 515191 7 91 an 3k 3.
%3 gRT-PCR 3|

Table 3 Sequences of primer for real-time PCR

FEH 1D EWr514 (5 —3") TSI (5 —3")
GU911361 ATCTGCTGGAAGGTGCTGAG CCAAGCAGCATGAAGATCAA
Ciclev10015535m AAGAGCGAGCATATGACGGA CAGCTTCTTTCCCGAGCTTC
Ciclev10001405m AATTGTGTCGGGTGCACAAA ATTCCGAACGGACTAAACGC
Ciclev10005133m AGCCGAGAACAACAAAGG ATGGGCTTCTCGATCTCAGG
Ciclev10030093m CAAGGACCAACAGCAACGAT CTTTCAGCTCGGTCTTGTGG

VLSRR TG TR ME T R AR A CHS [A) U L H 51 (CsCHS) BEAT b X, 45 R & . Ci-
clev10015535m, Ciclev10005133m Fi1 Ciclev10030093m FERRLAY A1 TG TRRAH ™ [AIELERE TR P 41 48 7,
{HAY Ciclev10030093m 7 gt Z FEFR /K V- A= T el E (£ 4) .

F4 EHI CTFEM B CHS BIREE

Table 4 Alignments of CsCHS nucleotide sequences between Citrus suavissima ‘Seedless’ and C. suavissima

BT ‘TR TEHCE TR 5 A A B AR o
B £ pos GenBank o GenBank EHERK 5 TCTFRHAL’ fit/bp BAEIR ) Ak
BT okt BE/bp I ARARLEE /%
Cicler10015535m CsCHS1 MKO070533 CsCHS5 MKO070537 1176 99 501 Jc
Cicler10001405m CsCHS6 MKO070536 CsCHS6 MKO070536 1 188 100 Jc ¥
Cicler10005133m CsCHS3 MKO070534 CsCHS7 MKO070538 1 173 98 549~954 922 bp 4b I3 &R &AL R TN A TR
Ciclev10030093m CsCHS4 MKO070535 CsCHS8 MKO070539 1179 98 342, 495 Jc

22 CHS BEEZRKRERMRIEDHT

B1 R /N REEI S 0], TJEFRRAT S BRATAE E Ciclev10005133m,  Ciclev10030093m Fi
Ciclev10015535m & & F ], Ciclev10001405m T F ¥ 5 W A 2wl Wi, Ciclev10005133m, Ci-
clev10001405m F1 Ciclev10015535m B F ¥ W AEBT#, Ciclev10001405m F1 Ciclev10030093m 1 &
T, Ciclev10005133m T3 FiH .

2 Al RAEM R B, TR FREM RIREA M FE 22 CHS SER ek & . L2 Ci-
clev10001405m F11 Ciclev10005133m FikH B F & T HA A E ; Ciclev10030093m, Ciclev10005133m Fil
Ciclev10015535m WYRIKAE o Rt FELAH L2y P AP AE B4 22 5%, n BB gD IXmY “Jo 7l

6 _Ciclev10015535ma [ Ciclev10001405m
i
K o4r b -
®
' 2F cc .- a b
= e . % . - c
6 [ Ciclev10005133m Ciclev10030093m
i
K 4T I b © a
g c
w2 a I d
=z d@ dc b, e
0
N TRE SR DU AR AINLTRE g R DU AR
G e AR A

I 31 b 5
O ‘% TR W #if AR 7B R R 2 7 8% (P<0.05)
B 1 CRFEAM AELH CHS KB £LH AT AP0 RR AL

Figure 1  Expression level of anther in different development stages in C. suavissima ‘Seedless’ and C. suavissima
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FIRECAH B A6 25 Hh B S A 22 5 0 BRI, fEZYH Ciclev10001405m 35 it = F A6 . M B85 A 4E
22, N Ciclev10001405m. ff) 3% 35 15 16 245 h HA 71k

37 Ciclev10015535m [ Ciclev10001405m
) a
K21 a " a
#® b b a
' 1F dc - b
= N dd 22
0
3r a Ciclev10005133m [ Ciclev10030093m a
i)
920 b
i X b
BT 1r b - C e q
o C
. d 1d 2 7

5 fir g
O “JrFREft’ R A AN A B R OR Z 57 B 3 (P<0.05)
B2 ‘RFEMS FBLMILEREFRLEY CHS ARG RES

Figure 2 Expression of CHS genes among different floral organs in C. suavissima ‘seedless’ and C. suavissima

2.3 CHSERARKEHMEMEREST

23.1 CHS (R Fxm R %A o B8 T a5 4 55l e 3 55 5 3] 13 4> CHS BRI 51 o %7 CHS
BT TR A R W] A A 2 R U B D 2 Ciclev10003127m.(309 4>) , B £ 1 /& Ci-
clev10001395m.(396 1~ ); ~F-YJSEHL SR 6.12, FrGE AR MREEA . HIILZ T, “TCF Fk
M, Ciclev10005133m (390 A4~) 2 filh (1) Z FE TR B i Be 2, Ciclev10001405m (395 4> ) Zhi fih 11 28 ik R 4K o I
% PSRN 627(3R5), WA E M 45 R FRW] . XL CHS 8 R4 i e 20 L i v, ui ] CHS &
FTE A0 P i 20 A B R et o BRI AR A T R o MRE LU A B A, B AR AR R A
Ay RN o-BRERICRE > JC RN A it Rl > I P RE R > B MR . CTE A S REAT i Y 4
A~ CHS S W R AH UG I (K 6), N o-BRTETE 2 11 BT — M50 ke = EH .

x5 CHSERKRHEHFKIE

Table 5 Basic information of CHS genes and proteins

SN 4 R WIBRBE/ s h/Da A FL AL 3 [ 4 B WL Iy T Da AL A
Ciclev10015535m 391 42 592.17 6.47 Ciclev10030093m 392 43 406.82 5.82
Cicler10005133m 390 42 676.30 5.84 Ciclev10028605m 395 43 436.08 6.17
Cicler10015900m 328 35 477.11 6.11 Ciclev10030398m 390 429 51.35 6.10
Cicler10001405m 395 42 918.26 6.95 Ciclev10001905m 312 33 958.16 5.44
Ciclev10001413m 394 43 364.92 6.56 Ciclev10001806m 330 36 069.43 6.33
Ciclev10001395m 396 43 377.16 6.77 Ciclev10003127m 309 33 988.20 5.59
Ciclev10028604m 395 43 383.97 5.48

232 CHS R#%FR% @ # et #d  BUA USR] 7 & T 13 4~ CHS &, #fE 7 1~CHS
HwH . M IT 4 A~CHS S H FKFRE 3 ANCHS B . #& Bt L iR s nl DI CHS SR VR 2K 5 1K Tk
(¥ 3), Group I35 3 AHIFGICHS & A1 2 P/KAECHS & H . Group W45 5 4> 3a B8 T CHS &
FIAI3 AN CHS 251 o Group I3 2 A~ 5e L& TH%ECHS 1 . Group IV 3 4~ 5 L& TH%CHS 4R
H A 3 A EECHS . Group VAL Lk 4 MFCHS FEH A5 . H Ciclev10005133m 7K [ #1Ci-
clev10015535m #E [ ¥ R 2K F Group V, Ciclev10030093m 75 [ F1 Ciclev10001405m 2 (5 1] 43 | 5B 2K F
Group I #1 Group IV,
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®x6 CHSEBZREWMSN

Table 6 Secondary structure analysis of CHS proteins

- o BRTE gl B ¥ s JG RN A5
Bt/ /% Ko/ A e /% kA /% B /A Lo H1l/%
Ciclev10015535m 161 41.18 65 16.62 32 8.18 133 34.02
Ciclev10005133m 170 43.59 60 15.38 31 7.95 129 33.08
Ciclev10015900m 142 43.29 59 17.99 29 8.84 98 29.88
Ciclev10001405m 160 40.51 63 15.95 28 7.09 144 36.46
Ciclev10001413m 170 43.15 63 15.99 27 6.85 134 34.01
Ciclev10001395m 175 44.19 62 15.66 26 6.57 133 33.59
Ciclev10028604m 169 42.78 65 16.46 25 6.33 136 34.43
Ciclev10030093m 156 39.80 64 16.33 31 791 141 35.97
Ciclev10028605m 161 40.76 66 16.71 32 8.10 136 34.43
Ciclev10030398m 165 42.31 61 15.64 28 7.18 136 34.87
Ciclev10001905m 131 41.99 56 17.95 26 8.33 99 31.73
Ciclev10001806m 133 40.30 53 16.06 22 6.67 122 36.97
Ciclev10003127m 119 38.51 57 18.45 25 8.09 108 34.95

3 b 54E®

A K R G L (CHS) 4 A6 TN — 1E-CoA
T GIE-CoA 25 5 I8 LA /K, 2 B iR 2%
15 WA % (ko00941) Hh g 25 1 A R
it 5 5 I B 2 25 Pl 8 R 2 A0 5 ) 1 A B
LR g 30 A A Ly TS A/ 0D
B, HEME AL B BERE, —
AN Sy B TR 26 Ak A W e At s HL A = Bt Ak
PER RGP 25 SR B A S 42 4 CHS
RAZ TG AL A A, AE25 )
e, SURMEHEAFY; Ml CHS T
PR IB L AE 2 I RE, G M) AT A AN
B KR CHS il it Rk &5 Rk
FHEERRIOE, ERUKBHEEAT ",

CHS BN K GEH M A2, AEEY)
RN A] . A LR T A R A B R
A S E B 4 AR IE R, R 5L Glycine
max "G £ (8 ) o XTI EE R CHS [
TR L DR A BIF S 2 BRI X89859.1 JE K] 5 K
FRHEEN K ENHER, ME&EKEIE
WHRHEXRELBWEES . AR
1E CHS #E B RGE b oAb 2 B, Mo

N
S

AT5G13930.1, AT4G34850.1, AT4G00040.1FIAT1G020504 U 74
FFCHSHE A F B 71 ; orangel.1g016081m, orangel.1g036844m,
orangel.1g044410m, orangel.1g047978m, orangel.1g016111m,
orangel.1g017693mAlorangel.1g016330mA & FFCHSH H 5 i Bl
s X70976.1, X91811.1F1X89859. 1 /K FECHSH H 5 Ik ik 7

B3 4 A4+ CHS &4 & bt

Figure 3 Phyogenetic trees of CHS proteins from four species

CHS [R5 2 1 Ciclev10005133m FI/K FFCHS [A] 5 2 (1 X89895.1 s+ Group V., MW & HA ALK T)
fE. 76 T FRIM" ., Ciclev10005133m [F]J5 3 PR 7E /N6 15 40 i 28 06k 5000 4 ) 300 110 36 3kt 35 I TR
R, L, Ciclev10005133m [ 55 R A S0 2 ik aT BEXT 0 TR /N T BR 40 & 75 2 7% 7= A A A
B, AN, Ciclev10015535m 1 Ciclev10030093m [l ¥ 35 P (14 3 ik th 76 /N 7R 41 i B 309 o1t 90 g % R
P8, FUk, CHS [RJIRFEFE LG T /Mo 7 BE A0 0 R Ak nTRERCR G 1 B FREME /M IE
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CHS [FJR 22 5 b3 N, A RRIFSIAE o T WA AR P A AH B BE IR 2 98%, Jf H. 3 /> [R] I

E 3

ToFHUN H IR R TR T/ME TR Y . CHS 19523 0K T Ree oMt /il

TR 5 NI BAEE AT B
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