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Abstract: Cellulose is one of the main components of plant roots, and plays a key role in lodging resistance. CesA7 is
for cellulose synthesis, but its function is unknown in sugarcane. Rice OsCesA7 gene was used as the reference sequence
to conduct homology analysis and functional prediction in the genomes of Sacchrum spontaneum, S. hybrid and S. offi-
cinarum. Phylogenetic analysis showed that CesA7 in S. hybrid was closer to that in S. officinarum, and grasses were
clustered together, but herbs and woody plants could not be separated clearly. The promoter region of the sugarcane
CesA7 genes had abundant light-responsive elements and methyl jasmonate element, indicating that the gene may be
involved in the photomorphogenesis and the stress resistance response in sugarcane. Interaction prediction of the protein
and analysis of the promoter indicated that CesA7 had interaction with MY B transcription factor, suggesting that CesA7
played arole in crop growth and development and stress response. In addition, functional predictions of CesA proteins
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in rice and sorghum showed involvement in regulating cellulose synthesis and lignin degradation processes. Transcrip-
tomic analysis of roots and leaves of seven representative species of sugarcane at seedling stage revealed that CesA7
expression level in roots was much higher than that in leaves, suggesting that CesA7 might regulate sugarcane root de-
velopment. The SNP variation of the gene was detected in the germplasm of sugarcane, and the nucleotide diversity was
the highest in S. spontaneum. The nucleotide diversity in the exon region was significantly higher than that in the intron
region, and the highest diversity was found in the region of exon 4 (about 2000 bp) of the gene. It is speculated that the
functional differentiation of different alleles are caused by the balancing selection of this locus. After multiple sequence
alignment combined with resequencing data analysis, two potential molecular markers were identified, which could
distinguish S. spontaneum and S. officinarum samples. The study would provide theoretical guidance for subsequent
research and use of CesA7 gene to improve sugarcane variety.

Keywords: sugarcane; cellulose; CesA7 genes; evolutionary analysis

DOI: 10.3969/j.issn.1000-2561.2023.07.004

HEER W EENLTFEY, Hh e EA4E
OB R 60%0LL M H T T AL R T
X, ZER. EREME K, 255 & BT X K
FREER o RS FR S 2 ol H sl ™ 1) 22 R P 22
— o (EIR A EZE B B AR, AILBRRC IR o R A5 2R
A 2 0 S o) BT R 9 1 i rp
B, BRFPUER SR H S g R SRR
FERAR S AF AR R 22 5 . BIR S Fh 25 rh P 4 %
(1 F e T H A S R BUEMR S AP GT42 R
YR T IHAMS R, MARPLFYER AR
Jo S B, RO R R [ Ak A g (Y
IR 4T 4 R i AR R R ALY 50% 4
A, A E Rk 90061, IR K AE R AH
WFoT B, £F 4 ZAH A UL R M AR R 1
KkHleE,

R A ML R Z %R CesA XA LF2E R
A R 2 B E BN . ERE I,
AtCesA7. AtCesA7 il AtCesA7 =LA Bkl 5
40 R A 2 L BE v o A 2 A i e
ZHONG %:"2I7E AtCesA7 LR G R b i 3, AH
X T W A TR L A0 i R JE R RN AT 4 2R i B O
b T 7R B AR R SR % AR IR cDNA,
A 25 5 B0 A 20 i e 70 D 4 44 3% 1 PRI
T 2 B 200 ek < R i A 0 i e e R TR
WANG 251 % S 7E /K fii f OsCesA7 JEIH (4 %8 745
S EERRAUAGR RS, R, fEE
W18 AR R . FRIERT DL, CesA JERN R
BB AR EEEM . BiE X7 H 5%
ARG, KMEEmYER LTSRS, 817
HEHLERERE . BT RER FE MRS
KPTZAaYr, HS 590 M0RE A A 3 R 5 2
RTAbTF [ — TR T 2emi ™ i i s AR IR

U L SRR T A, SHUARES M
2 NIRRT A R Rk R BT
HB B rh CesA JEN RIS WAFE B L% F,
HAe AR FA R, WX ERN S
TWARER AR AL R . CesA JFH 5 MYB #45%
W ARl 4Rk, ERi g gRT-
PCR. Bfh} ARSI IESE T X — 32, MYB #%
SR FRENE S CesA JEN A 8 F oo ib4h &, i —
AN LR A TR A

Y RMRIEE N T K AR, JLHE
W EBMAEEZNEW, BT, FEHEPAX
Y RIE RN R D> . XA 4R MRk R
AATFRESHBENTOEE S, SR RE. A
5T LKA H 2 58 BB BE 35 1iE Y OsCesA7 5 K 7E
HE R A P AT R8T, bR . &
FIEb ik . I sh T, Rk RE A TS,
XPHRE CesA7 S HEATIIRETHI , #RIFTIZEEH S
TEARAE K E B RS AR, DI fE2 HE
W AR CesA7 &R B ISl E s FEL e 45 =

1 R 5FZE
1.1 CesA7 [EiRE B ) % K i3 0 w44 2
TE/KF RGAP Hia % ( http://rice.uga.edu/ )
T2, OsCesA7 £:[A ( LOC_0s10g32980.1 ) f4) 7% 1
J¥%1, j#it NCBI (1) Blastp IRELE NR ¥ 1%
HEATRIR L X a0 A, X250 Max target se-
quences BN 1000, HAZEI HERINME, f#
F BLAST (v.2.12.0) AHfbFEfF, ¥ OsCesA7
H S H T8 ( APBS-441, PUfHAsLp 4 )17
P Fp ( LApurple, \FEIRSEAL, Bl R &%)
AIEF (R570, AR RIEDIZL ) PO 4 Bodfe
HEAT X, AT H R B RIRAR O o Hx &5 SR v



5573

FESCE . HE CesA7 S H 1 AEYIME B 2F M LT il 1339

R0 o326 F B2 2 vh [E BL 22 B AR ) W5 i A )
YiFhls B RGP (nttp://lwww.iplant.cn/)

S T AR | S5 ek g e
TR TEAE Y A OC R h B SCHER Y . Xt Blast
SERIEATIR L o T L) 197 SI7E MEGA-X Bk
il ClustalW e XS R )3 A7 Hext,  Hexd 4 2R fd
4432 ( neighbor-joining method, NJ ) #E47 kAL
¥4, Bootstrap Replications Z:%ki% & & 1000,
R 25 RAEAEL M BT iTOL ( https://itol.embl.de/ )
T T Ak
1.2 HE CesA7 £ RE R 4R F &5 4933 F0 /5 3) F IR
NIEATHSH

T CesA7 HE[H 11 8 11 PR ~F 45 #4) 38 4
NCBI Hf# CDD ( conserved domain database ) IJj
REEAT o0 BT o BEHRIE R B AT 2 kb 1E A 58 K A9 )
¥ . i PlantCare ( http://bioinformatics.psb.
ugent.be/webtool s/plantcare/html/ ) 7E £k % 4 %) i3
o F W AE oo F #1750 Ao DL B 25 R Ad
TBtoold v1.098721 k{11 Gene Structure View
( Advanced ) TREHEATIER
1.3 H& CesA7 EEH SNP R4

L)L OsCesA7 FE#k b5 R570 114 H e [R] Y5 3 [
Sh01_p017850 N Z %741, TE:8 % A 25N
HENFEE T, PkEI R R AR, #
RN B IR B AR IEAT SNP S AN . it
M GATK (v.4.25.0) /i FE B 7E Linux R4¢
b AT . W E T O K/ 200 bp, it
vcftools (v.0.1.16) I HEZHREZ AN (Pi)
{E, XT4FpEI SNP A7 1A . 1 R (version
4.1.2 )34 ) ggplot AL XF 15 2 1Y Pi {EE 1T 25 K .
1.4 HE CesA7 EEM A ZEYIFAFKIEKFE
ST

I S 56 5 A 1) H RE S 2 B S A R i S 4
B TR BRI, WS H A BLAST
(v.2.12.0 R A A A s AL B0HE 22, U H TE CesAT7
FEHAER query FFANHEAT HEXT, SEHURAR B EXT
SR ARG S Tk AR 4k H
FEKEZE BM ( Saccharum arundinaceum ) . EJEFh
KAT( S. barberi ), 22874 F N57( S. robustum ) ,
PR NJ (S officinarum) . % 7% Y83 (S
spontaneum) . H[EFP YBA (S sinense) . 4432
F b5 Ah 2z1 ( Saccharum spp. hybrid ) 7 4~ H
SRR AR R B SR B . A

[ % skl py F ik ik FH TPM ( Transcripts Per
Kilobase Million) J5 it ATbruifb )5 L, TPM
RRFEH T/ mapped reads 145 kb #EEA Ay
reads %,
1.5 HE CesA7 ERMWERARHEEIERTN
j#4 STRING ( https://cn.string-db.org/ ) 7E£k
A1 T EAE B E E [R) R 1 BRI Gl AT o)
Mo 7KHE OsCesA7 ik PRI 18 % Iif 8 7K e B8
T H AR I TR SR 0  A ERCHE PE, ERTIT 3E
PERIE RGO RO 1 = 5 CesA7 BRI #EAT 434 o
1.6 HE CesA7 EE R LB R 5 Fhric il
G55 Z2 174 LT 5 S RN 0 Ak e AR S A
X} CesA7 Z5 o B K AT /3 A, W] s T30 X A ]
FPEER 4T FhRic. ] Jalview (v. 2.11.2.2) #ff
JEIR Z P AN LU R, e S R 1] )3 41 2544
225t A IGV (v, 2.11.6 ) B AT Ak 78 S A8l
iR, BB RN P54 F 5 D

2 HER55H
2.1 1EY) CesA7 EEGERFNHH

PLIK RE OsCesA7 2k [H 1 4 15 & (1 )3 51 0
Query, 7£ NCBI %l & il i Blastp LX), fifiik
#] 95 ~7K FE OsCesA7 [ [F] LA ( Score>1000,
EfE¥IN 0) , Hrp 49 NIk A AAKEY), 46
ASRHEAMEY (£ 1) o FEHES, FEELIK
i OsCesA7 JL K 1 i 2 F1)7 5128 Query, FiH
WFE . PR 2SR IGEF 3 MR R
BE e VEAT A Ak Blast Fext, 0k 21 56 e
RERT PN [R]JE L ( Score>1000, EfHIA N 0) o
F T35 T2 R AR ARSI AL, H bR
wEEFEm P A 2 DMK (Sspon.01G0026
480-1A H1 Sspon.01G0026480-2B ) , 7r#uii i
H 5447 52 H ( Soff.01G0006640-1A , Soff.01G00
06640-2B . Soff.01G0006640-3C . Soff.01G0006640-
4F Il Soff.01G0006640-5G ) , fE 24324k 1% i Fh
R570 H14 1 457 %E K (Sh01_p017850) .

Ph OsCesA7 J H: [R] il 3t X 5 41 4 a0 A
(Bl 1), RERRARHERN—EK (BT
AR ) o HBE CesA7 HHBH—2, S5ZAFRLF
PR R — A3, SRR R R
RE, SR ITRI I ERE , AR AR R
GRIEARABN MG A e k22 R o5 4k
F A I CesA7 S5 AHY AN A BE I & Wi 2% D)



1340 O AR B F IR 5 44 %
R 1 HEY CesA7TEEMERER
Tab. 1 Basicinformation of CesA7 genesin plants
LA TN 4 AR | EE RS 4 34 B
No. GenBank ID Scientific name Chinese name| No. GenBank ID Scientific name Chinese name
1  AAT66941.1 Acacia mangium oA 39 XP_022010704.1  Helianthus annuus [m] H %%
2 TXG63880.1 Acer yangbiense Ve 40 XP_021670545.1 Heveabrasiliensis 12 B
3 PSRo4BE31  Actinidiachinensisvar. TURHRABE | 41 KAES660779.1  Hibiscus syriacus A
chinensis
4 XP_020198383.1 Aegilops tauschii  subsp. 5% 42 AAR29966.1 Hordeum wulgare Ko
strangulata
5 QBI56889.1 Agave sisalana il 43 XP_018847186.1 Juglansregia Ik
6 ERN18947.1 Amborella trichopoda To it 44 ATQ35922.1 Linum usitatissimum DAz
7 XP_020093308.1 Ananas comosus AL 45 XP_042515946.1 Macadamiaintegrifolia R &5
8 BABO09063.1 Arabidopsis thaliana NI 46 XP_008348984.1  Malus domestica SR
9 AVG22558.1 Bambusa emeiensis T 47 XP_044493658.1 Mangiferaindica AR
10 XP_010696484.1 Sjt;"a‘ﬁiga”s Subsp. GIES 48 XP 0216331931 Manihot esculenta K
11 AGG91493.1 Betula platyphylla H e 49 KADA4584409.1  Mikania micrantha (D]
12 XP_003574029.1 Brachypodium distachyon A AN T 50 CADB212835.1 |M i sc_ant‘hus_ i
utarioriparius
13 KAHO0869014.1 Brassica napus i 51 KAB1212069.1 Morella rubra W H
14 KAG8389169.1 Buddleja alternifolia HIEFEE | 52 XP_024018384.1  Morus notabilis 1B
15 XP_028065958.1 Camellia sinensis % 53 THU66536.1 Musa balbisiana [SuR 3
16 XP_030498730.1 Cannabis sativa Kk 54  XP_010262430.1  Nelumbo nucifera L3
17 PHT86319.1 Capsicum annuum BB 55  AFP93559.1 Neolamarckiacadamba ~ [#14£
18 XP_021888576.1 Carica papaya AR 56 XP_016502290.1  Nicotiana tabacum LG
19 KAE7997881.1  Carpinus fangiana JIEST-4:H | 57 XP_031501551.1  Nymphaea colorata 5 ELHEE
20 KAG2713693.1 Caryaillinoinensis LBk 58 KAAB8543409.1 Nyssa sinensis AR
21 KAF3967422.1 Castanea mollissima it 59  EEC67136.1 orycsavalndiea
22 XP_021722190.1 Chenopodium quinoa 5% 60 XP_OISGIALAOL  gram o PO g
23 RWR81190.1 Cinnamomum . LKA 61 RLN38676.1 Panicum miliaceum S
micranthum f. kanehirae
24  XP_006443764.1 Citrus clementina Sk 62 KAG2537634.1 Panicum virgatum MR
25 KDO060380.1 Citrus sinensis li5a 63 XP_026433597.1 Papaver somniferum 5
26 GAY40248.1 Citrus unshiu TR 2 A 64 QHI06030.1 Paulownia fortunei AL I Al
27 KAGI1361867.1 Cocos nucifera ¥ 65 XP_008785168.1 Phoenix dactylifera A
28 XP_027094445.1 Coffea arabica AR 66 AAX18648.1 Pinus taeda KAEHR
29 KAF8041644.1  Corymbiacitriodora Pt 67 XP_034916189.1 Populusalba W
subsp. variegata
30 XP_022953627.1 Cucurbita moschata [EZP1N 68 XP_011024456.1 Populus euphratica %
31 KAF8672736.1 Digitariaexilis e E/hK | 69  XP_007199679.1  Prunus persica M
32 XP_010934249.1 Elaeisguineensis FEAE 70 XP_031402696.1 Punica granatum Vayi
33 GIN12184.1 Eéf;i‘;facoracana subsp. BT 71 XP_009370338.1  Pyrus bretschneideri BE ]
34 TVU30416.1 Eragrostis curvula Tl | 72 XP_023912355.1  Quercus suber DR e B
35 AEK31216.1 Eucalyptus camaldulensis Vi d 73 XP_018483662.1 Raphanus sativus LR
36 XP_003533679.1 Glycine max PN 74  KAF3436102.1 Rhamnellarubrinervis  #iK
37 XP_016712109.2 Gossypium hirsutum Fifi b A 75 KAF7152940.1 Rhododendron simsii B
38 PIN08235.1 Handroanthus impetiginosus #3417 4l #£ 76  XP_015579271.1  Ricinus communis L PR
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Tab.1 Basicinformation of CesA7 genes in plants (continued)

e EREITHS ¥4 IR | FS EEFEEE 4 TR
No. GenBank ID Scientific name Chinese name | No. GenBank ID Scientific name Chinese name
77 KAB5569859.1 Salix brachista JNERAD 87 XP_037406072.1 Triticum dicoccoides WA — ki /N
78 XP_011080097.1  Sesamumindicum 2R 88 VAH16178.1 Triticum turgidum subsp. ki /N2
durum
79 XP_014660022.1  Setariaitalica Eor 89 KAH7862974.1  Vaccinium darrowii Gk A
> | . rghum bicolor ek > | . itisvinifera 7%
80 XP_002467109.1  Sorghum bicol =5 90 XP_002273521.1 Vit fi %
81 KAH9287688.1 Taxus chinensis IANEN 7 91 KAH7577714.1 Xanthoceras sorbifolium 3 3%
EANSN 2 X
82 XP_043719473.1  Telopea speciosissima oy i 92 ONMO06038.1 Zea mays B
83 EOX94349.1 Theobroma cacao Ay 93 KAGB8091895.1  Zizania palustris BT
84 XP_045789610.1  Trifolium pratense o1 94 XP_015901173.1 Ziziphusjujuba 7
85 XP_038718203.1  Tripterygium wilfordii FNTE 95 KAH7517434.1 Zi_ziphusjujuba var. iR A
spinosa
86 QRN74465.1 Triticum aestivum RSV
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Fig. 1 Phylogenetic tree of rice OsCesA7 and its homol ogous genes
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A: Phylogenetic tree and conserved domain prediction of sugarcane CesA7 genes; B: Prediction of promoter cis-acting elements.
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Fig. 2 Analyses of conserved domains and promoter elements of sugarcane CesA7 genes
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