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Abstract: A RING-type E3 ubiquitin ligase SDIRI ( Salt-and drought induced really interesting new gene
fingerl ) ,which plays a pivotal role in plants signaling pathway. TaSDIRI-D was isolated from genome D of wheat
( Triticum aestivum L. ). The full length of TaSDIRI-D was 4070 bp,including a 1443 bp upstream fragment of the
coding region ,2352 bp coding region,275 bp 3" UTR. The gene cDNA sequence length of the coding region was
849 bp,which encoded 282 amino acids, including two transmembrane domains and a relatively conserved RING
finger domain. TaSDIRI-D was located on the chromosome 4D by using wheat wild relatives and a set of nullisomic-
tetrasomic lines of Chinese Spring. TaSDIRI-D showed the highest expression level in flag leaves during heading
stage. TaSDIRI-D was up-regulated by NaCl, ABA ,PEG and 4 °C treatments , which suggested that TaSDIRI-D may
be involved in plant abiotic stress signaling pathway. By detecting the polymorphism of TaSDIRI-D gene sequence
in 32 hexaploid wheat accessions,two SNPs were detected in the full-length sequence. One was identified in the pro-
moter region , another in the fourth exon( G/A) ,which led to amino acid Arg change into His. In a natural popula-
tion consisted of 262 accessions, two haplotypes of TaSDIRI-D were detected by SNP-583 ja SNP marker developed
from the SNP(T/C) at -583 bp, which were significantly or very significantly correlated with 1000-grain weight,

length of penultimate node and spike length. Hap-4D-2 is considered as a potential superior haplotype for increasing
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1000-grain weight. The results provide a theoretical basis and genetic resources for wheat molecular breeding.

Key words: TaSDIRI ; RING E3 ubiquitin ligase ;abiotic stress tolerance ;functional marker ;association analysis

INERRE ) = R EZER BN Z — TR
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1.1 EMHEREREH
DA 7S AG A/ INA R AL 10 S5 o0 pRE 25T
A @ N STER S WU SEN - S /D

9 1y AGAARER AR T AR R L4 3 Oy SRR BT/
# ( AA, Triticum wrartu Thumanjan ex Gandilyan) :
UR208 \UR209 Fl UR204;3 {7346 7 %L /R Jid 1Ly 2 5
(BB, Aegilops speltoides Tausch) : Y2017, Y2041 #0
Y2033 ;3 3 H 1L =E 5 (DD, Aegilops tauschii Coss. ) ;
Ae38 Aed6 I Y573 {53 PUAK A B A 305 25 i A= —
ki/NAZ ( AABB, Triticum dicoccoides ( Korn. ) Korn. ex
Schweinf. ) , 5 lJ2& DS1 . DS5 1 DS6, A Kk —E LU
L Ry S 1) - DA A SR 7 5 R A €8 A4 {6
F—%h 32y Z MR E B /SR /N2 L B
SRBFURIEA T HE IR T 91 Z2 A8 VA I, A4 7 (R KA
125 Dy AR E WA, HI i 262 £330 S A5 i/ 22
AR B AR T A A 7 R PR B 5 e MR
RIR AT AR 320k A T E L4 2 IX
FIEHEA X,

FRBEARTE 2010-2012 4F 3 ANz K 2240 Bl Fk
TER ELO R BEAE YR # BT BT R SCFE -3
Y, Horb 2011 AF HAE N SCEE MR A, H [R] AR 7K
SYMEIRSY T S E (R SR ) FRE BRI RR 2% 4, T 5
B S A AR R A%, T 53 ) 70 B A T L 7 Ak
A K FFAEIHRERE (750 m®/hm?) |3 MK R
535029 131 mm 180 mm #1158 mm, R EHFIMEAE
12 m A7HE 0.3 m (1 4 F7/0NX, AT ) i 1
40 KL, WORIG , B MR LI 5 Bk, %5 288k il
K BT AR B A R TR E SRR 2R
1.2 BmEERE

IR I R PR IE R ALSDIRI ( At3g55530) 14,
BP0 7E URGT B 4 v A7 FUXE 40T, 7871
Z D BRI ARG — A 5 H RIS R 1 R P
144N TaSDIRI-4D . F|JH Integrated DNA Technolo-
gies (http://sg. idtdna. com/pages ) BT 4E LY 15|
) SDIR1-D-F Al SDIRI-D-R, DA K 4 18 3 [ 4 £t [X.
cDNA 1514 SDIR1-D-c-F #1 SDIR1-D-c-R(# 1) ,

LI/INAZ R AT 10 5 DNA S BEA, A1 A 5 4
ELfif TransStart Fast Pfu DNA polymerase ( TRANS-
GEN,dt50) #H47 PCR ¥ 34, #7341 R K 15 L, 5
AL HE S U/ L A9 TransStart Fast Pfu 0.3 wL,5 x Pfu
buffer 3 plL,2. 5 mmol/L ) dNTP 1.2 plL,50 ng/pL
AUBEA DNA 1 L, #i BEAG 10 wmol/L AYIE K1) 5
)% 0.5 pL, BAH ddH,0 #ME . PCR S )7
M:95 °C 5 min;95 °C 30 5,58 °C 30 5,72 °C 2 min,
35 ME#H;72 °C 10 min, Kf PCR 484711 1. 2%
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Table 1 Primers used in the research

L/ EAN 515 SR
Primer name Primer sequence(5'-3") Purpose of primer
SDIR1-D-F GATCGGGTCGTGACATCGATTGTGTC SRR REY
SDIR1-D-R GACTAGACAGCGTGTTTGGTTGTGGG

SDIR1-DF2 CTTTCCGCCGCTTGTTCGATTTAC WF5149)
SDIR1-DF3 TGAATCCGGCAAGGAGGTAATGAATAAATG

SDIR1-DF4 GAGCAAATCTCAAACACATCGAGTAGAG

SDIR1-DR2 GAACCCATCTTACACCTGGTGGAAG

SDIR1-DR3 CTTTAGTCAGCCGTGGTAGTACCATAAC

SDIR1-D-c-F GTGGACACCATGAGCTTTGTGTTCC ¢DNA 319
SDIR1-D-c-R CACCATGGCATCCATTTCACCACC

SDIR1-D-gF CCAACCATAGCCCTTGCTTCGAGG FIE R
SDIR1-D-qR GTCATAGAAGGAGCATGTGGGCTATTGTCG

D-Nde 1-F TGTTTATAAGTATGTATTGATATTATTATGTGCTGTTG SNP-583 #ric vl 54
D-Nde I-R GCAGCATTTAATCTTACCCATCACATAT

DRREREEEIE bk o3 B DIMCE 09 R B, IS A ek
JiE DNA 350 Gt A7 i atifh, 8 mHAY PCR =4
5§ pEASY-Blunt ( TRANSGEN , b 57) 7 B 4% 1A % %
T 42 7 e AL B R AT R RS2 2 A i, Pk R =2 /D
12 A BHYE e R, SR BUTCRIIN Y . R [RIRE B4 5 %
32 i Z AN BRI TN T

DL/INZZ 4 EE 1Y 55— cDNA SR, FH v L
fiff TransStart Fast Pfu DNA polymerase ( TRANSGEN,
Jb5t) 47 RT-PCR ¥ 3%, 73 25 H br & B 1) G 5 IX.
cDNA J751, H1 2% 9 B JiE 8 1 F UK A I RT-PCR
7 O WSO T | 3 — 24 & TaSDIRI-D
LR A S X cDNA 541, F] DNAMAN 4K FK il
JPAF BN 4w 5 X cDNA J3 51 5 56 K 41 )3 51 #5647 L
XF, 0BT 3k PR 5 4 B G A5 1) 2 3L TR 17 3] 5 72 SMART
% (http ://smart. embl-heidelberg. de ) #£17 8 1145
FTRINANTIRE /34T o
1.3 HHEE DNA FASEMES

F|H DNASTAR Lasergene7. 1 H' Seqman 4%}
DU PP BT A SN UEA T DR % , 40T 32 8 AR AR
DNA P91 Z2 257 14
1.4 RNA RYIREVFAIEREEEE PCR

fifi 1 TRIzol ILEEHUNZE RNA, IR 5% S50 &
(TIANGEN , b 5% ) AR 48 JH: 48 45 25 BR 1T 5 % s gt
1 pg /N RNA S % 5EIE i cDNA, R ] SYBR
Premix Ex TaqTM 13877 & ( TaKaRa, Ki%) #R4AL 5 77
A1 ABI7500 % %5 B PCR {3z 17551} % & PCR
JNE R 5 R e ik 7K
1.5 SFiREAE

HR A P41 L X6 53 B 45 5, 7 TaSDIRI-D 5 P 4
i XU B 22 2SR AR S AV 45, -583 bp (T/C) b it

dCAPS 7+ ¥bric, If-am 44 4 SNP-583 , FE %A% 1
2SS MHE T A 1 A EEBCHRIEE T2 B mT LA B il 14
YT Nde T RS BEVIOL 5, TEIZZ A PE S
W 1 X 85 19 D-Nde 1-F 1 D-Nde I-R(52 1) ,
DAL ZH DNA 8t , FIIH] TaSDIRI-D 1% H 40 ¢
5519 SDIR1-D-F 1 SDIR1-D-R #4755 1 #
PCR, ¥ PCR ¥ ddH,0 Fis B 100 1% )5 76 45 2
¥ PCR (MR, 45 2 % PCR ¥4 :95 C 5 min;
95 °C 30 5,58 °C 30 s,72 °C 30 s,33 MEH;72 C
10 min, WZHR 3 pL (9% 2 48 PCR 79 FH B il 14
YIT§ Nde 1 1€ 37 CHEDI 4 b K BEUI =9 H 4% 1935
REWEEERS LI 43 85 AR B V1 IS 09 7 Be KN A AS
[F] /INZZ WA ARk ) S PR R
1.6 XEESHRT

FIH dCAPS 43 FFRric SNP-583 K il [ 48 #E 1A
PRI E R RS ARIE R ZE 6 262 1 H AR AR
I3k 2 FhEAAE R 35 ] TASSELR. 1 8 Frh (9 GLM
(general liner model ) F2 /5, JERER 544 ( Q) 1E K 1
A5t B TaSDIRI-D 195 PR 70 1 38 PR 2R A 7 S Bk
G3HT o ] SPSS 19. 0 BRAF#EAT I 22 43 B, A AN
(] LA PR ) 22 5 B 2

2 ZRE5HMH

2.1 TaSDIRI-D TR FHHH

DLVEABE 10 5 40K, SERER) TaSDIRI-D FEH T
F1 4K 4070 bp, % HALFE L A g i XL Ui
h 1443 bp , i 1X A 2352 bp, 3" S dE4i 5 X (UTR)
4275 bp, ZIEH I X ALEE 8 NHNEF T A
FT (K1) Hh4iIX cDNA F51 4K 849 bp, 4
T 282 AN HEMR , AL 2 B LA R 1 A AE X
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HRoRG I F) 2 Fb B 8 Bl Hap-4D-1 i1 Hap-4D-2
(F 1), i X ) SNP L S T26 4 4h i+ F, R
TRl L ZRAE it il A FE R 1) Pl AE | 5K SR (Agr) BX
AR R 2 E R (His)
TAA
2352 bp

* 2627 bp

Hap-4D-1 7
Hap-4D-2 C

A

ATG Fl TAA 73 HIF R AR AL E %00 F s Hap-4D-1 F Hap-4D-2 3R 2 F i fiz )
ATG and TAA are the initiation and termination codon respectively ,Hap-4D-1 and Hap-4D-2 are two haplotypes

91
31

181

Bl 1 TaSDIRI-D EEFF &AM
Fig. 1 Sequence polymorphism of TaSDIRI-D gene

ATGAGCTTTGTGTTCCGGGGCAGCAGGGCCGACATCGAGGCCGGTGGCTTCCCAGGGTTCGCCACGGAGCGCCGTGCCATGCGGATTCAT
M SFVFRGSRADTIEAGGTF?PGTFATETRZ RAMERIH

GCCGGGGGGCGGCCGGTGAACAGCAATTCCTTAGCTTTTCTTGTAACTGTTCTTGTTCTGTTCATGGTACTGAGCTCGCACCAGATGTCT
AGGRP VNS SNSLAFLVTVLVLFMVLSSHA QMS
™I

CCGAACTTTTTGCTTTGGATGGTCTTAGGTGTGTTCCTATTGGCCACCAGCCTTAGGATGTACGCTACATGCCAGCAGCTCCAAGCGCAG

61 P NFLLWMVLGVFLLATSLRMYATCOQQL QA-Q
™2
271 TCTCAAGCTCATGCTGCAGACGGCAACGGCTTCCTTGGALGOACAGAGTTGCGGGTGCATGTCCCGCCAACCATAGCCCTTGCTTCGAGG
91 S QAHAADGNGTFLG[R|TELRY HVPPTIALASTR
CAC
361 GGCCGGTTGCAAAGCCTTAGACTCCAACTTGCTCTGCTTGACCGCGAGTTTGATGATTTAGATTATGATGCTCTCAGAGCGCTAGATACC
121 GRLQSLRLQLALLDRETFDDTLDYDALRALDPDT
451 GACAATAGCCCACATGCTCCTTCTATGACTGAAGAAGAAATAAATACTCTGCCTGTTTTCAGATACAAACTTCAGGCGCAGCAGAGGAGC
151 DNSPHAPSMTETEEINTLP?VFRYKLGQAQG QRS
541 ACCCCTTATCGAAATAGTAGTGACGGGCCATCTGAACCATTGGTTTCTTCTCCTGAATCCGGCAAGGAGAAAAAGCAAGACGCAGATGCA
181 TPYRNSSDGPSETPLVSSPESGKTETZ KT KQ QDA ADA
631 ACAAGCAAAATGACAGAGGATGAGTTGACGTGCAGTGTTTGCTTAGAGCAAGTTGTGGCGGGTGATCTATIGAGAAGCCTGCCATGCTTG
211 T SKMTEDELTTCSVCLEQVV AGDTLTLTRSTL®PCL
: O O
721 CATCGGTTTCATGTGAACTGCATTGATCCATGGTTGCGCCAACAAGGAACATGCCCGATCTGCAAGCACCAGGTCAGCGACGTGTGGCGT
241 HRFHVNCIDPWLRQQGT CPI CKHQUVSDVWR
0 0 0
RING finger Domain
811 GGCGCCOGCAGCGGTGGTGAAATGGATGCCATGGTGTAA
271 G AGS GGE MDAMV *

TM1 A1 TM2 . 5 A 2 A B8 IRE5F9 38 ; T HEN CGC(R) A8 R CAC(H) /R ILALKE 2R 4 i 2H AR 5
RING finger domain ; 5 BERSE 4 RING finger 45 FE | 2 15 R AR SF Y Cys FI His 552
TM1 and TM2 :the two putative transmembrane domains,CGC(R)—CAC(H) : Arginine mutation to Histidine,

RING finger domain is the highly conserved RING finger domain,and black dots indicate conserved Cys and His residues
B2 TaSDIRI-D EE ) ORF 73| R EHEHSEH T 5

Fig. 2 Open reading frame sequence and putative amino acids of TaSDIRI-D

2.2 FBEEENM

FIFH TaSDIRI-D FH LB 857514 SDIR1-D-F
F1 SDIR1-D-R, 433t 9 15 A5 AR BL 3 53 DU A5 14
PARE 1 3 S AR AR /N MR B — 2 i h B R
A S E-PO R A R EAT PCR 37 34K DU, K TaS-
DIRI-D ENMAEY A 4D (K 3),

2.3 TaSDIRI-D BA%RMRIE

XP/NAZ AP R 10 S AR R AR H 28 B
B A FE AL I R 2R Y TR AR SRR AR
Mras R iR B R TE A i &N H A S B h
A RIS, B AT i A 2R 3k i 0 T AR A
(Kl4),
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AA: BRRIEV/NE ;BB U HLRFEIL A5 DD ML -5 AABB : DURG 1A/ ; AABBDD : S 1A/h3E
AA ; Triticum urartu Thumanjan ex Gandilyan, BB :Aegilops speltoides Tausch,DD ;Aegilops tauschii Coss. ,
AABB:; Triticum dicoccoides( Korn. ) Korn. ex Schweinf. , AABBDD ; Hexaploid wheat, Marker; Marker 111
B3 TaSDIRI-D EEMEEEKER
Fig. 3 Chromosome location of TaSDIRI-D gene
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S B FLLAEN St 25N 47 RB 3K R30:0 ~30 em HRF
R50:30 ~50 cm #2 % ;R70:50 ~70 cm R ;

R90:70 ~90 cm MR F ;R100:90 ~ 100 cm R F
S:Spike,FL:Flag Leaf,St:Stem,N:Node,RB: Root Basis,
R30:Root(0-30 ¢m) ,R50;:Root(30-50 cm) ,

R70 : Root(50-70 em) ,R90;Root(70-90 ¢m) ,R100 : Root(90-100 cm)
E 4 /INEITEH TaSDIRI-D FEALARBEHHREZRK
Fig. 4 Expression pattern of TaSDIRI-D in wheat

tissues and organs at heading stage

2.4 FEEWAMET TaSDIRI-D Rik#ERX

AT WFFE TaSDIRI-D Xof AS [6) AE A= 9 il 360 1) o7
BB, L GAPDH JERE RN 2 il id NaCl,ABA |
PEG F14 °C 4 FpAEA= 98 kb 3R/ INZZ 4 B, 55 B
TaSDIRI-D TEAN[F a8 Ab R A 221545558, 7E NaCl
AEFREAF T, TaSDIRI-D £ 24 h Fl1 48 h B3Rk & B
AR 8] 5, AR X IR 8 5 A2 A (I SA)
TEANE ABA (A HE 254, TaSDIRI-D 1) 3235 & 7F
0.5 h ikF e m K Bl G 2k gl T, 6 h B
BER 2 A BRI B R R P el A
(KI5B), 7E PEG &b T, TaSDIRI-D TEALFEJS
)12 h Rk fm, biE FRE(ESC) . £ 4 Chy
SAKALFR 0.5 h HIE LA | A4 EiE R A/ N E I, B S

FIREA TR, 1624 h ZARFK EJF, 848 h
IRB R K Bl S PR TR (L SD) . DA R4
W R4 TaSDIRI-D TE 4 FPAEA Y8 200 T ik
BN A (AR m A L, RIS 5 T /NS
BT A R, T RES R S P A O
2.5 TaSDIRI-D IEEHRiIEF %

1£ TaSDIRI-D FE K iy 4K 7 51 rp A 21 2 A~
B iR 2 AR AL, T 2 fB X 1Y) SNP(G/A)
SRALIX R SNP(T/C) 58440, T A 678
Sbs X[ 37 5 91 A9-583 bp 4bi% it dCAPS #ric, A
%M SNP-583 514K D-Nde 1-F 11 D-Nde 1-R,$" 1%
TN 215 bp, HEFE Nde 1( CAY TATG) BgYI P 18 7=
Y BN C MR 338 7= v B Nde 1 [
IRk 189 bp F126 bp W4T, MAEZEF LGN T 1Y
MR PSS Nde T BRI 5, A A9k il
I, B g 5k s — %4 (1 6) .
2.6 HERESRZERHOXER

FIH AT FFRic SNP-583 4l /NAZ SR BE A1)
262 APk MR AR F A5 R Bt kLo oy 2 A
%1, Bl Hap-4D-1 1 Hap-4D-2 (18 1), JT (5 e 345 51
1 90% F110% , KHEAAT A5 R FH] 723 45 410
FIMEAME N ixbmic 5 TR0 8] 0 25 sl
AR % 2012 4F B R HAh, 78 HAMh 9 FPEREE 4%
BT, Zhnic SR A o A (R 2) .

XoF AN ) B TR A R 1) O 22 03 B 5 SR e B
FE 10 PPN , HAT BRA% AU Hap-4D-2 (418}
TR E W E ST Hap-4D-1 WAL 7A) , B
£ 7% Hap-4D-2 #4848 — 15 K ZL Lk Hap-4D-1 19
5, [FIRETE 10 FRIRE S0 T 22 R 38 1 B KK
(B 7B) . A5 Hap-4D-2 A1 RHFK B2 1 Hap-
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Fig. 5 Expression patterns of TaSDIRI-D under abiotic stress conditions in wheat seedling

T T C cC T C M

<200 bp

PCR F=¥IH Nde 1 i) J5 B R UKZ5 S 5 — 583 bp AbGSEE R T 1)
PCR WA HEBRGYT , AL Ly C 1 PCR 77wl LIS
The PCR product was digested with Nde I,

The PCR product with base T at —583 bp cannot be digested
but with base C can be digested,M was 100 bp DNA Ladder
6 TaSDIRI-DACAPS #Ri2 SNP-583
B I = Y B U B i
Fig. 6 Digestion map of amplified product of dCAPS
marker SNP-583 of TaSDIRI-D gene

4D-1 By K, 7E B T 2011-SY-DS, 2012-CP-DS Al
2012-SY-DS ZAMY 7 FhIRBEAAE T, IR SRS ALY
R 2Z SR T B EAKE(E7C) . i, X F/h
F AR TR B = K AR, Hap-4D-2
SEAR AR A

3 it

LR E K EE G S G Sl i rh 2%
FHEEMEN ., B9, E3 2 R i%E4H:H SDIR1 7&
AR T RAE KU A AT R R S
BAF IR AR A7) P AR A AR I LA AT LA 2ok i
iAWy Wiy 36 O B2 A P B L e R SRS OF
SDIRI i FRik AR5 BF A= RUAH LL | ZEFP A9 85 & 11
UG AE K B b R X ABA K R 1Y) i sk
P, I HAET 5400 F, SDIRI i 32 35 FE bk L B A=
RS AL T ol B2 B /) L 7% T A R AR O 2
g e KRG SDIRI 1 3R A bk 5 B A T
MR ad T R AL RS | ok 2 25 A R 10 A7 5 R B
BT E AR R R R, N Tas-
DIRI-D Wi [ 3% 53 B if b8 263k, i E3 12 R %
FEG SDIR1 7EAR Y APt A P A i v 4 (o T %2
a5 Tk RAEYST R A EEE X,

/WA TaSDIRI-D 3£ 7 & F 18 AM4h ik
TULAL, Gt 282 A SEMR 38 2 A U 43 Bt K
I, TaSDIR1-D & FI7E N Ui A 2 M5 ARA5 5, 7
CI&A 1 AMESFRY RING fing £5F988, 7ERIRIT .
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Table 2 TaSDIRI-4D haplotypes associated with agronomic traits in 10 environments

Ay a5 At P{H P-value

Year Site Water condition TR E TCW 8~ 35K LPN T SL

2010 E 3 cp T5 DS 0.0014 = 0.0175* 0. 0051 **
&7 cp HEE WW 3.21E-04 ™ 0.0105 3. 18E-04 ***
it X SY +5 DS 0.0138* 0.0292 " 0. 0058 **
i X SY T WwW 4. 34E-05 *** 0.0155 " 0.0186

2011 it S SY TE DS 0.0344 * 0.0402 * 0.0319*
i S SY T WW 2. 62E-04 ™ 0.0348 * 0. 0091 **

2012 B cp TE DS 1. 65E-05 *** 0. 0098 ** n.s.
&-F cp TEE WW 0.0130 " 0.0137 " 0. 0080 **
it X SY T5 DS 3. 86E-05 ™ 0.0357 " 0.0371*
N5 S SY T WW 9. 38E-06 *** 0.0106 " 0.0113 "

TGW ;1000-grain weight, LPN ; length of penultimate node, SL: spike length, n. s. : not significant, CP; Changping, SY ; Shunyi, WW ; well-watered , DS
drought-stressed, * ;P <0.05, ™ ;P <0.01, ™ ;P <0. 001 ,the same as below
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10CPDS ; drought-stressed condition of Changping in 2010, 10CPWW ; well-watered condition of Changping in 2010,
10SYDS ; drought-stressed condition of Shunyi in 2010,10SYWW : well-watered condition of Shunyi in 2010,
11SYDS ; drought-stressed condition of Shunyi in 2011,11SYWW ; well-watered condition of Shunyi in 2011,
12CPDS; drought-stressed condition of Changping in 2012 ,12CPWW ; well-watered condition of Changping in 2012,
12SYDS; drought-stressed condition of Shunyi in 2012 ,12SYWW : well-watered condition of Shunyi in 2012
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Fig.7 Comparison of the agronomic traits with two haplotypes of TaSDIRI-D
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