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Identification of Cassava C3H Genes and Analysis of the Expression
Pattern in Response to Xanthomonas phaseoli pv. manihotis

LI Min, WEI Bingzheng, JIA Suhang, CHEN Yinhua, LI Chunxia”

School of Tropical Agriculture and Forestry, Hainan University / Key Laboratory of Sustainable Utilization of Tropical Biological
Resources, Haikou, Hainan 570228, China

Abstract: Cassava is one of the three major tuber crops in the world, and is also an important food crop in tropical and
subtropical regions. Bacterial blight (CBB) is an important disease for cassava. CCCH (C3H)-type zinc finger proteins
are widely present in most of organisms, not only involved in plant growth and development, hormone regulation, but
also in response to biotic and abiotic stresses. Although the function of some C3H genes in other plants has been re-
ported, but that in cassava has not been reported. In this study, we analyzed the phylogenetic characteristics, chromo-
some location, gene structure, promoter cis-acting elements and collinearity of cassava C3H genes. A total of 89 C3H
genes (MeC3H0I-MeC3H89) were identified in cassava, which were distributed on 18 chromosomes. The phylogenetic
tree showed that 89 MeC3H proteins were classified into 4 subfamilies. The C3H gene promoters contains multiple
stress, hormones, plant growth and development response elements. 39 pairs of cassava C3H genes had homologous
relationships, indicating that these genes may be amplified by replication during evolution. We also analyzed the re-
sponse expression pattern of C3H genes after cassava was infected by Xanthomonas phaseoli pv. manihotis (Xpm) by
transcriptome and real-time quantitative PCR (qPCR) experiments. The expression levels of MeC3H49, MeC3H42 and
MeC3HG68 were significantly up-regulated, and those of MeC3H35, MeC3H77, MeC3H36, MeC3H31 and MeC3HS86
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were significantly down-regulated. In summary, we identified the cassava C3H gene family members and their expres-

sion patterns in response to Xpm infection, which lays a foundation for further analysis of the function of MeC3Hs.
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Kz —, Hf CCCH (C3H) RIBHEERE A &—
KEAEYWER T ZHEENBREEND, 55
DNA ., RNA (8 A B EAE M, YA K
KB BEWR A AY . C3H AR RN
T ( zinc finger, Znf) fi 1~6 4~ CCCH 25 B! () 5¢ 45
FFER, ZAETFH 3 AR RERM 1 A HE R
W, WIFIF (Arabidopsis thaliana ) HA 68
A C3H G0, EBS 5P T 2%
RO & SN =01 ) VAN i D RUER i 2o a0 o= RS
BN, T HUAL 2—F 5484 5 KA RNA
ZEA R T ACTZE L AT LAE 20 A% 40 3R il
ZH, 5 DNA. RNA HELKEE, 58,
WA R AT (Setaria italica ) SiC3H49
ESTREAXNEEER, wRedE s fLIF
T, FE TR SR P A5 S AR D)5 #8348 ( Gossypium
hirsutum ) GhZFP1 5 GZIRD21A. GZIPRS [
FATE A FHA AR AP 1) 2600 # ( Nicotiana
tabacum ) F i Fe ik GhZFP1 W] i 5 48 in Him £5 14
ML KA ( Oryza sativa) C3H HEH
OsDOS Al JH# R FRIG 5 T, i KL IELE I
Frag#; OsLOL2 i i 475 77 8 & ( gibberellins,
GAs) ‘LW . WEKREERD, Wi, c3H
S S5EYPURm R . G, KR C3H HEH
OsBIRF "¢ A\ JH B T 38 5 A R X0 A6 i 7 L B K
W AR BT BRI ST 4:C3H 18 TETAEE
JKAZR( salicylic acid, SA )FIZ# 2 jasmonic acid,
JA G538 1%, TS 58 X T A B SR 7R ( Pseudo-
monas syringae ) WIHLPENY s H#E ( Saccharum
officinarum )C3H F: K Sc-zf 3 SRR 15 5 Rk,
AT R B ARTE R ST . K
2 ( Glycine max ). 7KFg . /N4 ( Triticum aestivum ).
FEAEEEA T AL RE Y C3H SE S A R 1,
BTEARZE IR AR TEAGE

KEZ ( Manihot esculenta ) &1L = K2 4E
Wz —, R, W i IX 2 AR
TEY, A MR mE ek KRR IR T
PPN, 1245 B A 4000 MRS, BA
fif T5 . WEHE . AR, e, HET 55

AU ORGP R B S R, B
B RKENTER, A TR, W TE
PIREL . BEACLL R gi g0 AE . A 19 tHhad 20 4R
SRR, AR O TR A S K A )
ERHLIX RO 4 200 ZAERREE IS, WG
TR 2255 8 L) KO A= W R IR R A = A5 I
ok, REC U TR E AL X —Fh 2 4
AU, TR s R A R R St 1

AR, E — BT 2R i A
F o FH S O U D R S 2R S BUW B Rl ( Xanthom-
onas phaseoli pv. manihotis, Xpm ) 5| & )40 4
HiZEH5 ( cassava bacterial blight, CBB ) & A2 ¥
BEWE, WRERE RIS ELEE R, K
MR RIEM R GBI, Sl AR AR
FEAR 50% LA b, ™ 5 B A] i K s 20%~
70%"), YRTHL CBB A A E B =, Pomsh
g IRMAR D, L5 E R CARMERS 2 ol 75K,
VTR ARG Y BT o B S g A s A% TR B
UL T iR A e 7 S A 4 B AL AR, X
YU SRR E A EEAEN . AR E eiE A
RSN EARE MeC3H SEH K, M
ARGl Yk A . Motif 2087 . 8 3 Tt
YER e . & F o B AL o 55 I ) B oK 2
MeC3H & [ S B 1 Rt , G S 2l s i
PN E B PCR SFHAR T C3H J R i 37 5 J5E 7T
RYLT IR II, WA C3H S T REfd b
KA A AR AL ISR

1 #MRl57AE
1.1 e

AR 4 HS 8 5 ((South China 8, SC8)
KR, 58 o7 v P TR R B 75 B 2 M ( Xanthom-
onas phaseoli pv. manihotis, Xpm ) CHN11 fHA<5E
9% O3 B AORAT o
1.2 FHiE
1.2.1 MeC3H F#&M N ikl %2 M Phyto-
zome ( https://phytozome.jgi. doe.gov/ ) EUHE & 4k
WA SC8 ZH IL A LI K AU IF TAIR10 A
%4 ; M Pfam (http://pfam.xfam.org/ ) K44
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T C3H HEH LML PF00642, ffi H]
HMMER  #{F IA S B dls 3 PR C3H S H
( E-value<107) , ¥IB0fit th A% MeC3H K%
5, FHE i NCBI-CDD ( https://www.ncbi.nlm.
nih.gov/cdd/ ) . SMART ( https:smart.embl.de/ )
SR PR R A R B 1
122 MeC3H & & L afinl @i Wolf
Post II (https://www.genscript.com ) £ £k B4 Fiil
A C3H & [ 940 E 37
123 MeC3H Rk & sitfe4dr il MEGA
11.0 #4411 ( Pennsylvania State University, 3£ )
H1iY Muscle DHREXT AR MU T C3H & 4T
FE A ELXT 43 M, I HLR FIfG I 3% £ ( Neighbor-
Joining algorithm, NJ ) #4# R G L], Bootstrap
HE{E N 1000, H p-distance JyikdtiriT , X
MeC3H FR MR #EAT I Z 55325 , 1] Evolview
( https://www.evolgenius.info//evolview-v2 ) TEZk
W3 AL
1.2.4 MeC3H & W % # B & G % F A5 4 47
HRYE A RN AR SCIE R MeC3H SR 245
F{EE, i TB tools v2.152 it 3447 45 44 AT
MALS AT 3@ MEME #4400 C3H 2 AR
SFAY (motif 00 15, HA S EUHE FHEIAME ),
il TB tools v2.152" 5 {1 AT WAL motif 4%
1.2.5 MeC3H B & 3 F IR X AF A T A4 5 al
it TB tools MAZEIRL AL 741 rh#2HL MeC3H
TR A e Sk R 6 5 i 2000 bp IIFS,
HH PlantCARE ( http://bioinfor matics.psb.ugent.be/
webtools/plantcare/html/ ) 78 & F A4 F0 i )+ X
S AR FH e
12.6 MeC3H B #) F &K AL R 3 & 5T
ATEBE PR ZH R RS AR I MeC3H 4k PR 52 i
WREE R, ] TB tools v 2.1520 1K A
C3H FEPENAE Gt fk . R H] TB tools A4 14
MCScanX T HpMrARE ST, KBS
C3H RN Ay ILLLAE
127 MeC3H LB &y R AKX 54 N T
MeC3H FKIEIHZ Xpm 125 T FRbH,
F AR BT FT RS9 RNA-seq 58l , 3RAHM R
PR Y AN R B[R] S MeC3H % AR, 531 1) % S AR
FPKM ( fragments per kilobase of exon per million
reads mapped ) i, FfF|H TBtools v2.152 F {4 %F
MeC3H B RIKIK- AT R A LA B A 22
i, Pkik 16 FRBEH L E N MeC3H FEH JEFT

qPCR KilE , K5 K 30 d 224711 SC8 A M- %
Fh Xpm CHNI11 WEHE, X4 (CK) FKH
ddH,O B A0 R 2 i, Hofh 2P 3R 500 41 A4
[Fl, 7EARFIEE S (8, 24, 50h) Hukg, fHiH]
SteadyPure TA¥)) RNA PR FEHUAR & (P,
AG21040 ) $2HUE RNA. f#i ] NanoDrop 2000 4
ERE T LA S B B Bl e FEL VKA RNA Rt 7Y
SERE W L F ] EvoM-MLV % k) & ( 3
BlHG, AG11728) A cDNA. 7 qTower3 SZHf
Pt i PCRAX (HF%E, £E ) Lk 7 PCR, T
MBIPPHILEE 1, RNERT R (95 C,

30s); ABM(95 °C, 105 ), iR KIEMH (60 'C, 30s ),
40 MIGER R 274 SR T DR R AR
F| A GraphPad Prism 9 #{f ( GraphPad Software,
KE) 2K, A AR HEBIERNZES . &
RIS 3 MEYEEE M 3 AN EAEL .,

2 ZHRESW
2.1 MeC3H ZEH 40 B %E AL il

A LR i R B, FE AR I 89 A4~
MeC3H R , ARG HAE YL kb7 B H
% N MeC3H0I~MeC3HS9 ., #i5Ti , MeC3H30
MeC3H43, MeC3H60, MeC3H72 %5 4 MEHE
N F 4R ; MeC3HO1, MeC3HO08, MeC3HIS,
MeC3H20, MeC3H31, MeC3H39, MeC3H44 .
MeC3HS50., MeC3H58 % 9 /N 1 E ML T 44K
HoAy 76 AN e A T A0 A% o 41 M E 7 T 25
R, KEBS MeC3H ZEI5 I b7 ] AE1E 40 i 4%
H R AR .
2.2 MeC3H ERFEMFEEEE ST

89 I~ MeC3H HEH A7 18 A YL LN 1 4%
Scaffold I, FE4r4iF Chr2 (8 4~), Chrl (7
A~). Chr6 (74~), Chr8 (74>), Chrl4 (74 ).
Chr3 (6 4~ ). Chr10 (6 4~ ), Chrl1 (6 4~ ). Chrl2
(54~). Chr9 (4~). Chrl5 (44), Chrl6 (4
), Hay 6 Fyetatk I C3H R EE R 2~3 4
(E 1), Bk Chrl, Chr2, Chr6, Chr8, Chrl4
ik B C3H B AR L e rhAh, Hpr ek
b C3H FEH 73 A e
2.3 MeC3H REERRGHML DT

M4 LR 5T ( AtC3Hs, 68 > )FIAZ( MeC3Hs,
89 1~) C3H A F ol R Gt em (K 2), 2
AR CSHEAM T . I, IO, IV 444,
[ 44055 34 > MeC3H, 28 > AtC3H; I Z4HAL7
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Primer sequences for qRT-PCR

Tab. 1

5|9 4 FX Primer name

IEMEH (5-3") Forward primer (5-3")

LI 519 (5'-3") Reverse primer (5'-3")

MeTubulin
MeC3HO1
MeC3HO03
MeC3HO06
MeC3HO07
MeC3H31
MeC3H36
MeC3H39
MeC3H42
MeC3H46
MeC3H49
MeC3HS58
MeC3H68
MeC3H71
MeC3H77
MeC3H86

ATGCGGTTCTTGATGTTGTTC
CCAAATCTTTTTGAACCGGCCA
TGGCAGTCTTGTGCTTTGTG
CTCAGGAGCTACAGCCAGAATA
GAGTCCTTACTCGGCACCTG
TGCCAGTCTGGTCAGTGTTC
ACCTTCAGCTCACACCTTCAT
TTGTTACGGTTTCGCGCTTC
TGGTAGTCTTTCTCAAGGCGAT
ATCAGCGTGCCAAAGTAGCA
CAGCAGCAAGACAAAACGACA
GGAGTTCTAGGTCTCTGGCG
FGCAAATCGTCTTCTCTGATTTGTGT
GCAAGTTCAATCACCCTGCTAC
CGAGGCTGCTCTGAATGGAA
CTTTGTCAGGTAAGGCTGTTCC

TCGGTGAAGGGAATACAGAGA
CAGCAACAACACCCCTAATCG
GCTACATATGTGCCATCCGCA
AACCTTCTTGGAAGCCAGCA
TGAGAGGCCAGCAACAGAAG
TGCCTTAACAACATTCGGCAC
ACCACTGCACATACCCTAATTCTAT
GTTGATAAGGAGTCCATTTCTTGCT
CAGACCTAACCCCAATCCACA
TAGCTCACGGCCACTCATTC
CGATACTCACATTCACTTCCCTTTT
TTTTCCATGCGCAAACTGGC
CTGCCTCAACTGTACCATTTGTAT
ACCGGAGTTTTGGCTCTTGA
AGGGCACCCAGAAGTACTGA
TGGTTGGCAGAAAGACCTTCA
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- MeEIHES
= el
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_ MeC3HS56 MeC3H73 =
o MeC3HES < — MeC3H74 & =
_a ~Me!
5 8 MeC3H78 g |
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Fig. 1
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Chromosomal localization of MeC3H genes
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Fig. 2 Phylogenetic relationships of C3H proteins

12 4~ MeC3H, 12 4~ AtC3H; AL 17 4
MeC3H, 12 4~ AtC3H; IV AL# 26 > MeC3H,
16 4~ AtC3H; H [ ik n[ R4k Ta, Ib, 1
c3 M, s 16, 16, 2 MeC3H ik
M. KEE MeC3H 44t 1 4 FIIVA
24 MeC3H ERGEHMEERRTERFSH

K HE— T MeC3H & IR IhRE, B
MEME 3 i A7 PRSP 3P i . 255 B, 154>
PRFIFE R IS 15 (55 9 MEEF ) ~50 4>
(5 1.4,7.8, 13, 153 ) &IEm (K 3),
KR MeC3H FEHMN & TR 0~27, Hif 12
ASJE B ( MeC3H35 . MeC3H52 . MeC3H40 |
MeC3H44 , MeC3H68 , MeC3H04, MeC3HI3 ,
MeC3H36 ., MeC3H48 ., MeC3H28 ., MeC3HO2 ,
MeC3H09) &H 1 MNEF, T HEBRATHNE
F (MeC3H63, MeC3H30, MeC3HI17, MeC3HSI ,
MeC3HI9, MeC3HS80, MeC3H43 ).

25 MeC3H ERF L& MESHT

39 X MeC3H B BAILNELER, 41 MeC-
3H02 5 MeC3H09. MeC3H03 5 MeC3HIO. Me-
C3H04 5 MeC3H13 . MeC3H0S5 5j MeC3H15 . MeC-
3HO7 5 MeC3H22, HAM G RIANEEIE X R
(K 4), Hit, MeC3H R F AR & Hil Y
WG, e BT REE HP 1 C3H FGEL I o

Fy iR MeC3H FEIR S5 i b1 2 [A] 1Y
HALC R, PR ARE SHEIREIT . KRR C3H Kk
Z IR AL M A T P b 2 1] A O R I ]
5)e RESHIFIT . KA AETEFIRIE X, H
TR 28 5400 RE I 2 1] A [R) 536 D i 2 TR
EEKFZ M RIEIE R X, Hik, T ARE
5kAg, RE ST C3H JEH Rk BA T A
i[RI DG &R o
2.6 MeC3H £ R A zhFIn=1E A T

T T X AR C3H G015 B e sk A 4 67 i i
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A: Phylogenetic tree of cassava MeC3H family; B: The distribution of 15 conserved motifs in MeC3H proteins,
different colors represent different motifs; C: MeC3H genes structure.
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Fig. 3 The structural characteristics of MeC3H proteins sequence

Xt 2000 bp ZEA5 i s F XA /AT 2B, HIR 8l
T X I 2R A B AR DT, bR LAY
TATA-box. CAAT 55 E L INAEHTEs, 8
& T HA R D RE IR e, BT fE
4% R ) T6 4 ( G-Box. Box 4. GTl-motif,

TCT-motif, GATA-motif ), ¥ 520 1 JGF ( ABRE,
ARE. MBS . LTR. CGTCA-motif, TCA-element.
TGACG-motif ) FlZE K & F st ( CAT-box .

TGA-element ) ( & 6 ), 4iKZE MeC3H F:IH 11
Ja 8T A 5 e AR S R = R R, e
NICIFAERTE 89 A~ MeC3H H:[N v fEAr e i
Z, £ 1052 4~ HUSEAEAE Y Wb v oo A
784 />, HpBE R N oG 269 4>, HAEAY
oy 1) SO TG A ) 34% , Bt AR R N TR 259 A,
A7 AE A Y e i B TG 33% ;i f b R I =X
YERTTE R A K R RN I (157 4 ). X
R MeC3H W Rg 5 tmN A ¢, [FBFEM YA

K& . Vb L AEA Y b vt & 15
EH
2.7 MeC3H ERE MR Xpm HIRIZER 5347
KT MeC3H 332 Xpm (2G4 J5 1) #2615
A, BAEK 30d 241 SC8 REWEF Xpm
CHNI11 FRE . AT 5T AR A 52 50 25 4 S 4 i o
Mrassf (| 7), ik 16 AR E RN
( MeC3HOI, MeC3H03, MeC3H06, MeC3HO7 .,
MeC3H31, MeC3H36, MeC3H39, MeC3H42,
MeC3H46, MeC3H49, MeC3H58, MeC3H6S
MeC3H71, MeC3H77, MeC3H86 ) VE &I xf 4 ,
it — L FIH] qPCR AR5 MeC3Hs JEH B ik
B 25 R KW, MeC3H49 , MeC3H03 ,MeC3H42 ,
MeC3H68, MeC3HO0I, MeC3H35, MeC3H36 .,
MeC3H71, MeC3H31, MeC3HS86 H:N ik
Y15 RNA-seq 45 —E, MeC3H58, MeC3H39,
MeC3H77, MeC3H07, MeC3H06, MeC3H46 iX 6
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