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#HE: HHMAEES (DRP) £A— X K5T GTP K E#F& A, 250ASH, mEEH A, BEAZMARAKLE AT
G REARMEE M ES . AFFRAENKE (Oryzasatival.) A Ead 52 H 14 A OsDRP £ B, AR AHE &5 7 Fxb &L
AR, ARTF AR, KR, AN X FAdE A id TR AEXFRITHOMN. £ REY, OsDRP &G A K41
TR & E, Mz aRElR, MERfert kL, B—RREGRFTES. RFEMBAIEFORERoHAAM,
A Motif 1. Motif 2 #= Motif 7 & 5. OsDRP KA #N T A& 3 MK A BAFFMH, KaKs 3T 1, H4RkdE. OsDRP
ARB#HTEOSBER, £ KA. KR, TF. L fotid 4K K H 450 XAE R L. qRT-PCR R & ¥, OsDRPIE #=
OsDRP34 KR & 4°CH» 20%PEG & TR A EH L HH I, THRAALIFLEHMEHELZER. OsDRP 5AKE ik L4
AR E & O AL LXK F, OsDRP2A #= OsDRP2B % 4 At #-17.4 kcal/mole VAL %5 R IR NHT 5 KAG DRP R 3% 42 KA
ERAFTOEARARRSET ZEALSE,
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Identification and Expression Analysis of the DRP Gene

Family in Rice
CHENG Yanshuang, YUAN Bo, WANG Jiayu

(Rice Research Institute, Shenyang Agricultural University/Key Laboratory of Northeast Rice Biology and Genetic Breeding, Ministry of
Agriculture and Rural Affairs , Shenyang110866)

Abstract: Dynamin-related proteins (DRPs) are a class of large molecular GTPase proteins involved in
cellular activities such as cytoplasmic division, organelle fission, membrane system transport, and post-Golgi
trafficking mediated by clathrin proteins. This study identified a total of 14 DRP genes in the rice (Oryza sativa L.)
genome, and analyzed their physicochemical properties, conserved domains, cis-acting elements, evolutionary
relationships, and expression patterns under abiotic stress using bioinformatics methods. The results indicate that
OsDRP proteins are large unstable proteins, with subcellular localization in mitochondria, cytoplasm, and
chloroplasts. The same subfamily are similar in the number and distribution of conserved motifs, domains, and
exons, all containing Motif 1. Motif 2 and Motif 7. The OsDRP family has three large segment duplication events
in its evolution, with Ka/Ks values both being less than 1, indicating purifying selection. The promoters of OsDRP
genes contain cis-acting elements related to abscisic acid, auxin, low temperature, drought, light response, and
plant growth and development. The qRT-PCR test indicated that the expression levels of OsDRPIE and OsDRP3A4
genes significantly increased under 4°C and 20%PEG treatment, and they might be important genes in response to
abiotic stress. OsDRP interacts with the clathrin adaptor complex and tetratricopeptide repeat proteins, and the
binding energy of OsDRP2A and OsDRP2B is -17.4 kcal/mol. These findings provide a theoretical basis for
further investigating the gene functions of the DRP family in rice growth and development.
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B /IMKEH (DRP,dynamin-related protein) #2384 GTP KEEH G EE, H
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1.1 OsDRP £ R Z ke £ EE L E MR

M Ensembl Plants Chttps://plants.ensembl.org/index.html) %35 % 4 K g F140L B 77 4 3k
[RIZH 7 %1 B¢ GFFE 3:8 4. FI ] TBtoolsPff) Blast Compare T..E LG 7+ DRP S 2% 7
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A M Visualize Gene Structure -2 347 £ R 5544 FTLAK. . FIH One Step MCScanX-Super
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e KRR R T I HE R 2P AU R LS, & 9 HExd 45 SR SCfF )5, F Multiple Synteny Plot
AR R 3L 55 R TTAL . FIA Simple Ka/Ks Caleulator T4 7K fig 2 42 3 X 22 A1 4 [A] S 5¢
A (Ka) HFRIXRE (Ks) MEHH (Ka/Ks)
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% OsDRP F I3RS 345 E String P34 (https:/cn.string-db.org/) , 15FIff1 8 A i I
TEM KR FIF Cytoscape HAFHEATAIMAL . £ UniProtKB ¥4 )% F1 3K HL OsDRP24 il
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(http://bioinformatics.psb.ugent.be/webtools/plantcare/html/) T % 1% 53 5 51 I 2AE o,
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1.7 RNA $2BR R KL E 8 qRT-PCR 7347

KABANTE B RNA #2280 (RC411-01,Vazyme) , Je#%3% (R333-Cl,Vazyme) , w6 &
B (Q411-02,Vazyme) 354 AR G ¥ 56 B St . qRT-PCR e S H I #7EA: T, Sangon
Biotech &l & H, TEAFHIESVENE 1, KB H %O E &I Applied Biosystems
QuantStudio 3 (Thermo,USA) MI5E . FEFAN FkEFE KA 27" "¢k, DLIERW &4 F4E
KRR FEL IR, AR =AY H S, @i GraphPad Prism8 4% A AL T
(KL Rl S IA B kAT 22 e B A0 AT, IR IR
% 1 OsDRP £ qRT-PCR EE3|#58

Table 1 Information on qRT-PCR Quantitative Primers for the OsDRP Gene

ClE7E 51497 %1(5'0 3') B KIRE(CC) P (bp)
Primer name Primer sequence  (5-3") Annealing temperature  Product length
OsDRP1A-F-RT TCAACAAGCTGCAGCGGGC 64

OsDRP1A-R-RT CCTTCCCAACAACGCTCTCC 61 10
OsDRP1B-F-RT ATTGTTACACGGCGCCCTCTG 62

OsDRP1B-R-RT GGCCGGTAGCTCGTTCAGTT 63 o
OsDRP1C-F-RT TGGTGAACCGGATCCAGCGG 63

OsDRP1C-R-RT GCTCTCGAGCACCGACGAC 63 1o
OsDRP1D-F-RT CGTGATCGTGCTCGTGAACCG 62

OsDRP1D-R-RT CTCCAGCACCGATGACTTGCC 63 a
OsDRP1E-F-RT GATCGGCCTGATGAACCGCA 63

OsDRP1E-R-RT CACGGAGGACTTGCCCGAAC 62 1
OsDRP2A-F-RT GCAAGTCGGCCGTGCTGAAC 63

OsDRP2A-R-RT GCAGCACGATGGACTTGCTGC 64 0
OsDRP2B-F-RT TGCTCAACAGCCTCATCGGC 62

OsDRP2B-R-RT CTGTCGATCTGCAGGACGATGG 61 10
OsDRP2C-F-RT GCTCAATGGATTGATCGGCCAC 61

OsDRP2C-R-RT CCTGCTGCGACTTGCTGTC 60 e
OsDRP3A-F-RT ATGACTTCCGCGAAATCCGCC 62

OsDRP3A-R-RT CCCAGGCAAGTCAACCAACGT 63 1
OsDRP3B-F-RT GCTTCCACGACTTCGACCAGATC 61

OsDRP3B-R-RT CCAGGGAGGTCAACCAAGGTG 62 e
OsDRP4A-F-RT AAGTCGAGCGTGCTCGAGTC 61

OsDRP4A-R-RT TGCTGTACTCCAGCTGCAGC 62 1
OsDRP4B-F-RT ATGATGGATGGCCAGAGCAGG 61

OsDRP4B-R-RT GTGCGACACGTCGGTCTCT 62 0
OsDRP5A-F-RT TCCAGATGGTCCACGACCCCA 61 142



OsDRP5-R-RT TTCCTGAGGTGCGCTTCAGTC 61

OsDRP5B-F-RT GACACTCCAGGCCTCATCCTAC 61
OsDRP5B-R-RT CTCTCCTTGTAGTTGCATTGCTCC 59 1
Actin-RT-F TCACTGCCTTGGCTCCTAGC 60
Actin-RT-R GCATTTCCTGTGCACAATGG 60 20

2. ERE5SH
2.1 OsDRP EREREHIEE

L Blast HEXS FP A1 AT Plam $d0s B I7i 0 il 5 5 B 4 5E 1 14 A OsDRP ZREUR
H457 7 OsDRPI1-OsDRP5 W.58 % - H13% 2 T 41, OsDRP 158 i 43 L &L AE 20.31~100.39
kDa 2 [f], [ OsDRPIB & H, HALEE B 7> T EEFE 60 kDa UL L, J& T K705 HEH:
SEHLRAE 5.93~9.21 2 [a], Hd 7 ARIEER GEEANT 7D o AREERET 40 14
AfaEHEH, OsDRP4B AL FE, HALFIRMR A NAFERA: T EAREK
PEREI N, BJe TR A . A0 E RN S5 R W], OsDRP1 Al OsDRP3 W5 ik

HAENMAEL A E, OsDRP2 #ll OsDRP4 W 5Kk @ S AE AU, OsDRPS 5 (i £E M4 44 .

% 2 OsDRP FER S Jik (1 8 F s AL i
Table 2 Physicochemical properties of OsDRP genes in rice

N VBT EINEE Rz ivetiva

B SRS RRH S 5 F 5 & (kDa) NS

Instability Hydrophilic Subcellular
Gene name Gene ID Molecular weight pl

index coefficient localization

OsDRP1A LOC_0s05g48240 68.68 7.65 59.40 -0.334 SR UAUN
OsDRP1B LOC_0s01g48900 20.31 5.95 55.41 -0.021 SR UAUN
OsDRP1C LOC_0s03g50520 68.03 8.39 50.56 -0.355 SR UAUN
OsDRP1D LOC_0s10g41820 69.38 7.26 45.00 -0.316 SR UAUN
OsDRP1E LOC_0s09g39960 69.50 6.55 40.48 -0.308 SR UAUN
OsDRP2A LOC_0s06g13820 99.24 9.21 43.02 -0.582 411 LIt
OsDRP2B LOC_0s02g50550 100.39 9.19 41.36 -0.541 411 LI
OsDRP2C LOC_0s08g32920 83.93 9.19 47.31 -0.289 411 LIt
OsDRP3A LOC_0s01g69130 90.03 6.56 45.52 -0.343 SR UAUN
OsDRP3B LOC_0s04g31190 88.85 7.05 48.16 -0.267 SR UAUN
OsDRP4A LOC_0s03g15420 75.07 5.93 48.81 -0.151 411 LIt
OsDRP4B LOC_0s04g04060 75.74 6.12 37.09 -0.259 411 LIt
OsDRP5A LOC_0s01g54420 90.94 6.86 45.83 -0.339 I EERUS
OsDRP5B LOC_0s12g07880 61.86 6.12 42.70 -0.174 I EERUS

2.2 OsDRP FKIEEFEWIRTEF/ARFAEE L 717
[ — V. S IR 1A R ST 228 7 RN JE TR S5 44 o0 A7 = BEARALL . OsDRP 22 [R# & Motif 1. Motif 2
1 Motif 7 27, OsDRPI 1 OsDRP3 WK & 10 A~ Motif 37 . OsDRPI. OsDRP3 Fl

OsDRP4 WHKJEA 3 N EARST IR, OsDRP2 WHRIEA 4 MESFE5KIEK, OsDRPS V.



KA OsDRPIB H &4 DLP (Dynamin-1-like protein) £5#43%. OsDRP2 WK &4 PH
(Pleckstrin Homology) Z5tei, eSS HER A, WEEHIEEIIEEH 5. OsDRP4 V.55

ST A B, HM SR S HE MR (D .

ARGRAW; BART IR CORFE I DI R4

A: Phylogenetic tree B: Conserved motif; C: Conserved domain; D: Gene structure

1 OsDRP ZRIEFR G R B RS
Fig. 1 Phylogenetic and structural analysis of the OsDRP family in rice.

2.3 DRP EERGH U R ILLE S

HIZK ARG FARGFT RO B2 DRP Jik PR EAL AR T AT M 2 AN IR R ) 3 3, H
H DRPI WA R R % - 52K Zm00001d009540 5 OsDRPI1A 4y 3 3k , Zm00001d013426
5 OsDRPIC 5 % #ilt, Zm00001d005306 5 OsDRPIE 4y #ilr (B 2A)

FEKFEH, 14 A OsDRP BRI 73 A fE 10 2544 tofk . OsDRPIB. OsDRP3A4. OsDRP5A
LT 159 tfk; OsDRP2B i T 2 5 Y i ; OsDRPICOsDRP4A LT 3 5 Y ik ; OsDRP4B.
OsDRP3B AT 4 5344k ; OsDRPIA LT 5 54 thdk; OsDRP24 1T 6 ‘5 4 tufk; OsDRP2C
AT 8 FYtifk; OsDRPIE T 9 T Ytk K%; OsDRPID fiiT 10 T4t fk; OsDRP5B
fiF 12 SYtatk., FNSLLEYESPTERE, OsDRP FGEAGAEBRBKELS FFX, HAE
OsDRP2A/OsDRP2C. OsDRP2B/OsDRP2A. OsDRP3A/OsDRP3B "k A Bt & il L K%t . Frf



FERIN ¥ Ka/Ks [EHIS/NT 1, B8] OsDRP BRI FERHGIE R W R ) T ik £ R ),
VLI T LR g AR e HLBEG IR S, SRRV RS BONAE R (18 2B MR 3D o RSt
K RN RS KREZ W BIAEAE 3 A 34>, 24 A1 18 > DRP [AIJRIERE R, KFEA T
K DRP FEHZE4 5 R WL . OsDRPIC OsDRPID F1 OsDRP2B £ 5. 30 i ¥4 77 75 [F) I
S, AR T2 B BRI ORE, Wk ARG EEDR (B3 .

AAFMEY) DRP FIRR G RGO R R ; B: OsDRP FRMF NILAIE T, 20t i 2 B B SR SR IR R s AMUER 2 $R 7R
HRITE e (AR BRI RO, IR EHERS RS [ 4 tafk (Chr 01~Chr 12)

A: A phylogenetic relationship of DRP family members in different plants; B: Intraspecific colinear analysis of OsDRP genes family ,Red
curved line connects duplicated gene pairs; The outer part indicates the location of these genes on the chromosome, and the grey boxs
correspond to different chromosomes (Chr 01-Chr 12)

K 2 AS[A¥Fh DRP 5 A4k 5% & [z OsDRP SRR A A L 26 % 0 #r
Fig. 2 The evolutionary relationship of DRP genes among different species and intraspecific colinear analysis of
OsDRP genes family

% 3 OsDRP ZiEK R ERE HIEE X Ka/Ks
Table 3 Large fragment replication genes of the OsDRP family for Ka/Ks

FF51 1 751 2 I =1y e .
Sequencel Sequence? B X e Ka [ e Ks Ka/Ks BRCKE (bp) Effective Len
OsDRP2A OsDRP2C 0.198156383 1.426427286 0.13891797 2268
OsDRP2B OsDRP2A 0.086611572 0.762852943 0.113536394 2706

OsDRP3A OsDRP3B 0.251746493 1.60074911 0.157267926 2352




LN
Oryza sativa
MFFF
Arabidopsis thaliana
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Oryza sativa
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Glycine max
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Zea mays
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The red lines highlight collinear pairs of OSDRP genes, while the gray lines in the background represent collinear blocks between the

genome of rice and the other species

B 3 /K85 A A4l A] DRP %08 (3L 43 1 4047
2.4 OsDRP & GO #iIEFED)

Fig. 3 Synteny analysis of DRP gene between rice and other species
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86 4% 2 19 PY &4 FH clathrin-dependent endocytosis
415> %cell division
AR %4 4E peroxisome fission

1EH B #pollen maturation

T S i 1A 4 2 peroxisome organization
2R K44 1) 2H 2 mitochondrion organization
3 3 40 AR T BRI 40 L 4> Zcytokinesis by cell plate formation
2 ki {4 4> %4mitochondrial fission

K fAER I PEhydrolase activity

T 45 & microtubule binding
GTP%54-GTP binding

GTP Efifi G TPase activity

1% 45 Grnucleotide binding

W% 2 117N clathrin-coated vesicle
A phragmoplast

4l cell plate

Y1) K JZcell cortex

21 fkiplasma membrane

21 iU 42 cytoskeleton

it A Wi fAperoxisome

£ ki fAmitochondrion

i microtubule

4111 i cytoplasm

EX/pu i

5 T IRE

4l 5>

o
N
S
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OsDRPJE [ 4 &
Number of OsDRP genes

& 4 OsDRP %:[R GO ¥ FE VB4 #r

Fig. 4 GO database annotation analyse of OsDRP genes

I A EAE ML TRIN R I, OsDRP 2 [ 5 W A% 8 [ Hk 54 AFI DU ik o 2 2R A7 A
HEERXR (B 5A) « LOC 0s01g72280. LOC 0s05g31770 A1 LOC_0s03g24060 F:[X| %
MEEURESHEAR, 25EARMEEREMZEAESY M HR,
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