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Identification and expression of SR45 subfamily gene in Manihot esculenta
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Abstract: [Objective] As major members of the splicing complex, arginine/serine-rich proteins (SR) not only
participate in the process of alternative splicing of plant precursor mRNA, but also play an important role in

abiotic stress. SR45 gene is a member of SR gene subfamily, this study was aimed to analyze the structural
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characteristics and expression patterns of SR45 subfamily proteins in cassava, and provide a theoretical support
for further understanding the functions of SR45 subfamily genes in cassava. [Method] The evolutionary tree
of cassava SR gene family was reconstructed by bioinformatics, and the physical and chemical properties, gene
structure and conserved domain of cassava SR45 subfamily protein were analyzed. At the same time,
transcriptome data were used to analyze the changes of SR gene expression under low temperature and drought
stress, quantitative real-time PCR (RT-qPCR) was used to study the specific expression of SR gene members in
different tissues and their responses to low temperature stress. [Result] The cassava SR gene family consisted
of 26 members in seven categories, and the SR45 subfamily consisted of five members. The length of proteins
encoded by SR45 subfamily genes were 135-417 aa, with relative molecular mass being 14970-47210, PI being
5.19-12.34. It was predicted that they were mainly located in the nucleus and chloroplast. The RS domain and
RRM domain encoded by SR45 had Motif 3, Motif 6, Motif 2 and Motif 1 conserved motifs. Transcriptional
data and RT-qPCR analysis showed that all SR45 genes were responsive to low temperature stress in cassava,
MeSR45-2 was significantly up-regulated, MeSR45-4 and MeSR45-5 were highly expressed in roots and leaves
of cassava. [Conclusion] SR45 subfamily genes of cassava significantly respond to low temperature stress.
MESR45-2 gene is selected as the candidate gene for regulating low temperature stress, root and leaf are the
main tissues for SR45 subfamily gene research. This study lays a theoretical foundation for the exploration of

cassava SR45 gene, and points out a direction for further research on cassava SR45 gene responsive to stress.

Key words: Cassava; Alternative splicing; SR gene family; SR45 gene; Low temperature stress
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Gene name Forward primer (5'—3’) Reverse primer (5'—3")
MeActin TGATGAGTCTGGTCCATCCA CCTCCTACGACCCAATCTCA
MeCOR ACACGACAGGATCTGCCAAC GGCCAGATGGAACATGAGCA

MeSR45-1 GTCACGCTCTTACTCCGGTT TGAAGACGAAGAGAACGATCGAG

MeSR45-2 CTCCGCGACAGAAGGTTTCA GTCGCCTTGGAGGAGAATGT

MeSR45-3 GGATGGGACCCAGATTGATGG GCCTGACTTTACGAGCGAGG

MeSR45-4 TTCTGGCTCGGGTTCATTGT AGCAGTAGGGCTGCGACTAA

MeSR45-5 TACCTCAGCTCTGTTAGCCG GAGAACGACCTCGTTTAGCCA



https://phytozome.jgi.doe.gov/pz/portal.html
https://phytozome.jgi.doe.gov/pz/portal.html
http://www.bio-soft.net/sms/prot_mw.html
http://www.bio-soft.net/sms/prot_mw.html
http://www.bio-soft.net/sms/prot_mw.html
https://web.expasy.org/compute_pi/
https://web.expasy.org/compute_pi/
http://www.csbio.sjtu.edu.cn/bioinf/Cell-PLoc-2/
http://www.csbio.sjtu.edu.cn/bioinf/Cell-PLoc-2/
https://phytozome.jgi.doe.gov/pz/portal.html
https://phytozome.jgi.doe.gov/pz/portal.html
https://phytozome.jgi.doe.gov/pz/portal.html
https://phytozome.jgi.doe.gov/pz/portal.html
http://www.bio-soft.net/sms/prot_mw.html
http://www.bio-soft.net/sms/prot_mw.html
http://www.bio-soft.net/sms/prot_mw.html
https://web.expasy.org/compute_pi/
https://web.expasy.org/compute_pi/
http://www.csbio.sjtu.edu.cn/bioinf/Cell-PLoc-2/
http://www.csbio.sjtu.edu.cn/bioinf/Cell-PLoc-2/
https://phytozome.jgi.doe.gov/pz/portal.html
https://phytozome.jgi.doe.gov/pz/portal.html

5 ]

2R, 2, K2 SR4A5 WA RIE R % 8 M ik 23

net) A .
1.6 FHFREAWIE

RNA-seq #i#5$#2%2 2 NCBI [fJ Sequence Read
Archive (SRA), &35 4 SRP101302.

2 GERGTH

2.1 KE SR45 EREBUMRSEEFIISH

AT T AR B S SRR AT 0 A, TRkt
KSR B A A S SR45 B, 4wk g
5 AN SR4S5 [FIEBE R, 22 405G I [R] 5266 (K] i
%77 MK A % N MeSR45-1~MeSR45-5, [R5k
YN Manes.14G016200. Manes.06G171800. Manes.
15G168400. Manes.07G135700. Manes.S056000.
MeSR45-1~MeSR45-4 J:[H 73 7l i A EARZE 14, 6.
15.7 SYtik b, MeSR45-5 )Y oAk & A1 AR Kl
FHAKE N 135~423 aa. HEN MeSR45 & AN 4
FIRENT 14970~47210; MeSR45-1~MeSR45-

SR-like

RSZ

4 2 S (PDAYT 10.97~12.34, NBEIEE A, 1
MeSR45-5 HEH IS AN 519, ARMEEA . A
FH 74 A 7 A2 00 D) 3k % MeSR4S5 5 [R5 ik £
BEAT T, &5 K0, MeSR45-1~MeSR45-4 & H &
AL 40 P AZ A 44, 1 MeSR45-5 & A @ 1+
A% -
2.2 KRE SR ERERERGHILK 77

A 38 i i s A 43 A O O S R ]
AP H A OCH SR45 B A, MWET SR JE[H 5
Jt& SR-like .2 . 1 NHF 9T AR S SR 5k R 5 AX
A 6 MRS, DR @R Blast BAF X 20 4
JF SR £ H 7 HIAE A 2 8 A H0E 34T 7 41 BT
fifi %2 AR % 26 i SR A .. WIRBHAZE
(26 Py FIFUEE I+ (20 FHSR & A, #IH MEGA 11
P E RS R AR, E 1 iR, BARS
KB4~ SR, SC. SCL. RSZ. RS2Z. RS Al
SR-like 7 N K2, H SR45 F1 SR45a N SR-
like W25, SR45 7 3 tHAU R 7+ SR45 5 A% SR45-

Bootstrap
25
4 44

SC
4 03
4 8l

< 100

SCL

SR

1 SREBRGABHULRK
Fig.1 Phylogenetic evolution tree of SR protein



24

Hepg Ll K5 224k (https:/xuebao.scau.edu.cn/zr/hnny_zr/home)

43 %

1~SR45-5 #H i, MeSR45-4 Al MeSR45-5 S5 4% %
B jT; SR45a 4 32 HH AtSR45a fil MeSR45a-
1~MeSR45a-3 %1/, MeSR45a-1 il MeSR45a-2 3¢
GRFRWIT,
2.3 MeSR45 EBRT Motif D HHFAERELE

kg

N T ELEER B MeSR45 A MU, @i
MEME M3 4 2 MeSR45 & (4 Motif 3 F) ] TB-
tools T E #4174 K . Motif 73 #7132 B Motif 3 il
Motif 6 J& 3L R4 i SR45 N it RS 45 #4935, Motif
2 Fil Motif 1 & /7 3L [F 41 i RRM 25 #J38. 7EARE
SR45 2K 5 A% 53 H ¥ Motif 6. Motif 2 Al
Motif 1 27, £HHIX 3 4~ Motif & MeSR45 K 17
HI (1) B L S 4y s NIRRT 4549 FRE, MeSR45-

R 2 REUN, 5 MeSR45-2 HHEH, MeSR45-1 2k
Motif 3 % /7 H7E H A1 47 B 2 Motif 8 /7
MeSR45-5 &5 37D HAHGHRSF, FEARZ Fm]
AR HE DR (K] 2A. 2C. 2D).

MIEH ZERI SR T, AR SR4AS 2K 5 ALK,
HNRTF 5 NS T oA Z R B K, MeSR45-3 -4+ -5
T EE R N s b, Hod MeSR45-4+ -5 #5 1 AN
T EIR 2 AN B, MeSR45-3 4 3 NN T
MeSR45-1 fll MeSR45-2 BB P54 ET 5 W
GTEZ, Hgm X ER oA 7 kb B HAH L
(K 2B).

2.4 KZE SR45 ERLEHDHR

FIFH DNAMANG.0 AR 1) 5 ML 751

AT Z P AL (B 3), &5 RKH, Z 5L

3 5 MeSR45-4 A BAGMIERR, iEHHEAY RN 56.27%. MeSR45 N i 45 M35 N IR 5F,
) 5 IhRE M BEAHAL; MeSR45-1 5 MeSR45-2 251 A RRM ZEMIELL I RS G543, 1M C 4i{H MeSR45-1
mm Motif 3
A MeSR454 B §2IBI EN || = MouLs
MeSR4SS  [EIE2H In — ﬁgﬁf%
Meskes3 - GRINH- | = Mot
MeSR45-1 - —§- DS bl 4 o i Motif 10
mm UTR
MeSR45-2 |- I o H—HH—H—a == CDS
f T T I T 3 ST I I I I I 3’
0 100 200 300 400 500 0 10002000 300040005000 60007000
¢ == Motif 3 MVKPKRGRSPPSGSGSGSLSRSRSKSWSRSYSGSD
mm Motif 6 LSSVSRSPTAQRK
Motif 2 AKKTSPPRKISPIRESLVLH
= Motts  ARFIL
- Mgg% IGSL%RNVHEGHLKEJFSNFGEVVHVELA
mm Motif 4 FTIPPRQKVSPPPKPIAAAPKRDAPKPDNASVDIEKDGPKRQREPSPNCK
=Rt RRRT
D
! LQ&%@KAB%&A K gL EoNBUEE oLk
> 1S 1S BESHIL
; ﬂwvn s s LSh881y H )
<L RQRYS: P KRS OMMSUDYER DGk RQREsS v
s A0l
o | SYRS.TACHK
WL
g IR (D)L

A: MeSR45 JE K 5k B /R T A I SR (K 3 ; B: MeSR4S5 FEKI 4515 C: MeSR4S 5 (1R 5F Motif J751; D: MeSR45 J& [K] 5 bt By 4k Al Je A5 ]
A: Location of Hidden Markov model of MeSR45 gene family; B: MeSR45 gene structure; C: Conserved motif sequence of MeSR45; D: The map of Hidden

Markov model of MeSR45 gene family

2 MeSR45 FE A RSF Motif 5 FnEFE 454

Fig.2 Consevered motif and gene structures of MeSR4S protein



553 FE

, 5 AN SR4S TSR IE R 4 8 e R IA 25

MeSR45-1
MeSR45-2
MeSR45-3
MeSR45-4
MeSR45-5
Consensus

MeSR45-1
MeSR45-2
MeSR45-3
MeSR45-4
MeSR45-5
Consensus

HHP
1d t\nlpkgvg\\efkaradaekalx\ndg qi dgnvvjarftlpprq vsp
~+——RRM

2518, RS domain
195
193
183
178
135

MeSR45-1
MeSR45-2
MeSR45-3
MeSR45-4
MeSR45-5
Consensus

PSKPIAAGLAR. . . ... KVRPSFERMG

p kp aa e g

éﬂ"]ﬂz RRM domain

PPKPVAAAPKRCAPKTLNASALCI EKCCPKRCREPSPHRKPPTSPRRRSPVARRCGGSPRRLPLSPPRRRACSPVRRRVGSPYRHGLCTPPRRRPASPPRG
PPKPI AAAPKCCASKPLNASVCVEKCCLKRCRESSPNCKPLASPRRRNPVTCRGGSPRRLPLCSPARRRACSPPCRRI ESPLHRCCAPPRRRPASPARG 291

204

MeSR45-1
MeSR45-2
MeSR45-3
MeSR45-4
MeSR45-5
C

RSPSPPRRYRSPARGSPRRI RGSPIRRHSPP. . .

RSSSPPRRYRSPARGSPRRI RGSPVRRRSPPPPPRRRTPPRRVRSPPRRSPLRRRSRSPI RRPARSRSRSLSPRRGRCPAARRCRSSSYSGSPSPRKVE 391
RRRTPPRRALSPPRRSPLRRRSRSPI RRPARSRSRSPAPRRCRAPAARRCGRSSSYSRSPSPRKV] 386

MeSR45-1
MeSR45-2
MeSR45-3
MeSR45-4
MeSR45-5
Consensus

[TRRI SRSRSPRRPLRCRS. TSNSSSSSSPPRK
TRRI SRSRSPRRPLRCGRSSTSNSSSS. . PPRK

-+——RS

"
416

ZE R RS domain

3 MeSR45 REELFFILLRS
Fig.3 Amino acid sequence alignment of MeSR45

Fl MeSR45-2 15 RS £5#435k, JET SR45 FEA
25 FEMEEMEBIFSHAE SR EFARER

IEHRT

NSRS SR H: K SR AE AR AR P e (KR
55 &M TR RaA R, 8 7% 5 A T B
I3HT (1 4) KB, IR AL FE 24 h J5, K2 SR FER
F i, SR-like .2 SR45 K5 MeSR45-3 415
LRERE, Hodh MeSR45-2 ik 8 i s SR KK
B HAB W K IR MeRS2Z32. MeRS2Z33 Al
MeRSZ22 il AL B J5 ik & FFt, T MeSCL33 %
B S T IRIE, HRIEELTEIKKE. AE
TR )5, XA MeSR20 1 MeSR45-5 FiLb &K
i, MeSR45 HiXH MeSR45-5 i3k, i SR-

L D L D
MeRS2732 r MeSR20 log, FC

| MeRS2733 MeSR34
MeRS31 MeSR34a I 1.5
MeRS40 MeSR34b 10
MeRSZ21a MeSR45-1 0.3
Mersz21 [ MeSR45-2 0
MeRSZ22 MeSR45-3 I°~5
MeRSz22a M | MeSR45-4 Lo
MeSC35-1 MeSR45-5
MeSC35-2 MeSR45a-1

L MescL2s MeSR45a-2
MeSCL30 MeSR45a-3
MeSCL30a

B vescss

L: fiti: D: T5 FC: Z 3£ 4
L: Low temperature; D: Drought; FC: Fold change
4 AZRESTEHBZRHT SR EEZREREHRE
Fig. 4 Heat map of SR gene family expression in cassava
under low temperature and drought stress

like P H Al SR45
TR BT BARAKF .
2.6 {RIEINMEIESH MeSR45 EEFTIARK
8L RT-qPCR 43 B A 25 &)y 1 Tt o - DA B2 2
RIE 4 CARIRA BIALFE 12, 24, 48 h J&, MeSR45
8 DR 5 0R Jl 3 1) B DR R AR I 0 (1] 5) 0 R K
B AL PR 5 MeCOR. MeSR45-1. MeSR45-2. MeSR45-
4. MeSR45-5 FRik7KV B 5 5, 200 H 3 m MK
8 . MeCOR AR E vbomm B AR ) 5
MeCOR 7£ 12. 24, 48 h B3 LifFEIA, £ 12 h ik
WA, RYAREZ ARG . KE SR45 1
Kl MeSR45-2 b5 b v, AEACTR AL 22 24,
48 h J5 23 KL N AR AL BERT (0 h) f 2 100, 2 500
o MeSR45-1+ MeSR45-4 1 MeSR45-5 Wi N A 2K
i, FEACTE 12 h B ) R IA Bk B i 5 . MeSR45-
31E 4 C IR ALFE 0~48 h IR A X R ik B F ik i
i, B R B34, 75 48 h iR RAH X R IA Rk
P KAl NARZEARIE AL 0 h MeSR45-3F X %1k
I 4 f5. 45 R, K% SR4S BRI R IR G
Wl BE A A S E AR .
2.7 MeSR45 EFEAREZERNEARBATIEFFR
MR
N FEARZE MeSR4S F: [ 2% (A RIA B, At
%tﬂi RT-qPCR X A AN [R] 24 230 4 AT A0
S5 (K] 6) W, MeSR45-2 fE R ZE -4 4rh ik &
i, NIRAGURIARM 160 f5 54, (R 55 H
Tk KPR . MeSR45-4 Al MeSR45-5 FERI#E K
R RIAER S, 25 FFRIK. MeSR45-1
RS 2 Rk B S, fE22 5K, MeSR45-3

FEK T IHFRIE, MeSR45a-1



26 Mg 4l K22 24 (https://xuebao.scau.edu.cn/zi/hnny_zr/home) 43 %
—a— MeCOR —u— MeSR45-1
3000 * o MeSR45-2 ) B ek
I I —— MeSR43-5
T 2500+ o T I0t &
5 ks
i .S 2000 i i S
H Z X2
OB 1500 g
4 & 8
21000 =2
= =
& 500+ 2
* * =
0 12 24 48

t/h

ok ok ok Gp R RN A R EE RIFE AN R AR BRI 0] 56 (0 h) #E P <0.05. P <0.01 fl P<0.001 /K FZ57 8% (¢ fal)

W

0.01 and P < 0.001, respectively (Z test)

“kk” and “***” indicate significant differences of the related genes between the treatment time and control (0 h) at the levels of P < 0.05, P <

El5 {REME T AELIEEARZE MeSR45 B EFRIARN

Fig.5 MeSR45 gene expression pattern in cassava under low temperature stress at different treatment time
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