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Identification and Expression Analysis of SBE
Gene Family in Wild Emmer Wheat
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WANG Changyou, LI Tingdong, DENG Pingchuan, JI Wanquan
(College of Agriculture, Northwest A& F University, Yangling, Shaanxi 712100, China)

Abstract: Starch branching enzyme is one of the key enzymes involved in plant starch biosynthesis and
metabolism. In order to explore the function of starch branching enzyme in wild emmer wheat, nine
starch branching enzyme genes (TdSBEs) were identified based on the genome data of wild emmer
wheat by bioinformatics methods, and their physical and chemical properties, phylogeny, cis-acting
elements, collinearity, and expression pattern were analyzed. The results showed that the molecular
weight of the protein for the nine TdSBEs was between 65 518. 04 and 151 934. 4 Da, with isoelectric
point ranging from 5. 37 to 6. 64. The subcellular localization for all TdSBEs were in the chloroplast.
Phylogenetic analysis showed that the nine TdSBEs were classified into 3 subfamilies. Majority of the
gene within the same subfamily were conserved in gene structure and motif, except for TdSBEI-7A1.
The TdSBEs contained the cis-elements related to plant hormones, plant growth and development,

and abiotic stress response. In addition, endosperm and root specific-expression elements were also
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found in TdSBE2s. Chromosomal localization and collinearity analysis showed that the members of

the TdSBEs were located in the group-2 and-7 homologous chromosomes, and a pair of tandem repli-

cation genes were identified. The TdSBEs were highly expressed in spike and grain, showing spatial-

temporally specific expression. The above results indicate that there are multiple TdSBEs genes in

wild emmer wheat, which are mainly expressed in spikes and grains. There are a large number of cis-

acting elements related to plant growth and development, plant hormones, and stress response in the

promoter region.

Keywords: Wild emmer wheat; Starch branching enzyme; Bioinformatics; Expression patterns
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Table 1 Real-time fluorescent quantitative PCR primers sequences for TdSBEs genes

B P SIFFEEG5 =30

Gene Primer sequence
TdSBEI1-7A1 F: TGAGCCACCGAGATCTGTTC R:GTCAGCATCGTCGCATCAGA
TdSBE1-7A2 F:GTCTTCGCTTCGCTGGTCG R:ATATCGGAAGGTCGCCGAAG
TdSBE1-7B F: TCTTCGCTTCGCTGGTCG R:GAGAACTCTTCAAGGCCCCC
TdSBE2a-2A F:CCAAATGCCGGATGAAACCA R: TGCCCATCTCCTGGTTTTGG
TdSBE2a-2B F:CGAGAAAATAGGAGGCTCCAC :ACCATCTGGAACAGGGATGC

TdSBE2b-2A
TdSBE2b-2B
TdSBE3-7A
TdSBE3-7B

:GGAAGGGAGCCATCACGTAG :CCCAGGAGTGGAGGAGAGTT

:CCTAAACCCATTGTGATAAGTC
:CGTCTCTCCTGCAAACATCGAA
:CGTCTCTCCTGCAAACATCGAA

:CCGACAAATGGATTGAACTT
: TCACAGTCGGTCGATCGGAAAG

o 9 m
R I R

: TCACAGTCGGTCGATCGGAAAG

K2 BFHE_K/NETISBE EEREEREBEL MR

Table 2 Genomic information and physicochemical characteristics of TdSBE gene family members in wild emmer wheat

EH EH ID 5418 pl Molfuﬁ?vifhl of L AE

Gene Gene 1D protein/Da Subcellular localization
TdSBEI-7A1 TRIDC7AG076190 6. 64 65 518. 04 Chloroplast
TdSBEI1-7A2 TRIDC7AG076220 6.06 151 934. 40 Chloroplast
TdSBEI-7B TRIDC7BG073100 6.08 153 928. 26 Chloroplast
TdSBE2a-2A TRIDC2AG042370 5.37 93 016. 24 Chloroplast
TdSBE2a-2B TRIDC2BG045480 5.37 91 094. 13 Chloroplast
TdSBE2b-2A TRIDC2AG045200 5.52 90 994. 76 Chloroplast
TdSBE2b-2B TRIDC2BG047810 5.42 91 316. 17 Chloroplast
TdSBE3-7A TRIDC7AG046940 6.22 103 500. 24 Chloroplast
TdSBE3-7B TRIDC7AG040790 6.34 107 393.79 Chloroplast

Triticum dicoccoides
& Arabidopsis thaliana
% Oryza sativa

LUE T SBE % K (ID) 435 W ALSBE2. 1CAT2G36390) . AtSBEZ, 2(AT5G03650) MAtSBES(AT3G20440) , KK SBE 3K (1D) 4
S OsSBE1(Os06t0726400) ,OsSBE2a (0s04t0409200) ,OsSBE2b (0s06t0367100) M1OsSBE3(0s02t0528200) ,

The SBEs(ID) in Arabidopsis are AtSBEZ2. 1(AT2G36390), AtSBE2. 2(AT5G03650) and AtSBE3(AT3G20440) , respectively. The
SBES(ID) in rice are OsSBEI1(Os06t0726400) , OsSBE2a(0s04t0409200) , OsSBE2b(0s06t0367100) and OsSBE3(0s02t0528200) , re-
spectively.

B1 B4 _#/NZETISBEs REEB S
Fig. 1 Phylogenetic analysis of 7dSBEs in wild emmer wheat



Sty

EV

B S B A R NAZE SBE N K % E MRk

* 917 -

B T TdSBEI-7A1 3N AN g T8 H A 6 4~4h, H
X TdSBEs A& 0 & A X R <F , 80 H A, A F
20~22 Z[a] (& 2),

{5 HEF motif 43 #T & IR . TdSBEs K343 1, 5t
() motif A Xt <7 (& 2), M40 7 . I TdSBEI-
7AI FEH 1) motif £, /> motif 4. motif 6 Fl
motif 8; TdSBEI-7A2 F1TdSBEI-7B , [% motif 6
Hh, HA motif ¥ B 1 WHE & , UK W WK %
) FE RO SF 7 A B 520 H 25 5 OK, HAT fig
W77 AN [R) S ¢ 1k ) ) 68 434k
2.3 IRAERATTHES

DNA %54 53¢ DR -3 8 38 2o 18709 48 25 5 g
Bl DB T = PR T O 1 kA . R R
TdSBEs J3 3 ¥ F i 2 000 bp F¢ 1. 3 F] 1
PlantCare fE 4% T.H 47 43 B, L5 7 21 17 4> it
KXAEF O 3) , T fE 322 2 5 48 ) W 36 e
NOEREREMAYMERE, HERTFENE,
TdSBEl #:H R sh F XA TH5 R EHE XK

VAN S AN S A AN RS 7 S S AR
(R AN NE =17 R SN 7 2 W il 2 o8 7 A o P AN 3 2 3
A YUH IR B IA 3 (AT X ok, TdSBE?
SRR T AL T AREE R R M TR IR SN A R
RN T BAE S O RO AR RN IR A R ik
SRR SRR T OB RN AR A LR IR T R B
VIR E R N N S O G S P 1 B STV o
TdSBES3 3 )i 3l F X 38 i i =X A oc 14 & 22
Z 5 R R N BV TR BN L 3R AR B L Ot
IR =W R 7 o A VA | ) e E I A
DL g5 R B L B A — ki /N 22 TdSBEs Jg 8 7 )it
KT LE 2 W, ERSI XA T
6B JC 1 . TdSBEs B8 ¥ 0] g %2 21 % J& W1 14
WS . TdSBE2 ik %% B T IR 3L 4R 5 % % ik M
Kot , TdSBE2 W] RETEVE #p & Wi h B & %
YERT AL WE K 3 22 A~ 1 80 3R S g il 355 12
UL T TdSBEs ¢ 5 W ¥ B 19 52 At .

TdSBE2b-2A B iR mlm ple—ta—— | N e
TdSBE2b-28 +-0 B - m I | =
TdSBE2a-2A 3+ -8 - e . |
TdSBE2a-2B 31 -18F - 1
rasser-7a1r—|

‘|_ET¢1$BE1-7A2 =i miEEEis B § =
raseer-s — DI — m

rasees7a B-—HEHHIBHE-
L T rn

TdSBE3-7B

3’5’

3

5)
0 200 400 600 800 1000 1200 1400

B3 K JE Sequence length/bp

0 30006000 90001200015 00018 00021 00024 00027 00030 00033 000 36 000

K JE Sequence length/bp

& 2 TdSBEs £ & 25350 motif {R 57 1% 4 #7

Fig. 2 Gene structure and motif conservation analyses of TdSBEs
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Fig. 3 Analysis of cis-acting elements in promoter region of TdSBEs
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Fig. 6 Gene expression of TdSBEs in different tissues at different stages
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Fig.7 Expression levels of different TdSBEs genes in spike and grain
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