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Identification and Expression Pattern Analysis of
AP2 Family Genes in Wild Emmer Wheat

LIU Tao, CAO Qibin, WEI Kexu, ZHANG Yan, NIE Xiaojun, TONG Wei
(College of Agronomy, Northwest A&F university, Yangling, Shaanxi 712100, China)

Abstract: AP2 transcription factors are a large class of transcription factors that play important roles in
plant signaling, growth and development, and stress responses. To explore the molecular characteris-
tics of AP2 transcription factors in wild emmer wheat, based on the genomic information of wild em-
mer wheat, AP2 gene family members were identified using Blast and Hmmer. The identified mem-
bers were analyzed for protein physicochemical properties, subcellular localization, phylogenetic tree,
conserved domains, gene expansion, cis-acting elements, codon usage bias, expression patterns, and
genetic diversity. The results showed that a total of 265 AP2 genes were identified in wild emmer
wheat, mainly located in the nucleus and chloroplasts. According to phylogenetic analysis, they were
grouped into 3 subfamilies, showing both conservation and diversity in conserved domains and gene
structures between subfamilies. Predictions of cis-acting elements indicated that AP2 contains multi-
ple elements related to growth, development and abiotic stress. Analysis of codon usage bias revealed
that the codon bias of AP2 genes may be subject to selective pressure. The expression pattern analysis
of AP2 genes in tissues and under salt stress suggested subfunctionalization within the family and their
important role in salt stress response. Analysis of nucleotide diversity and population differentiation

indices in different wheat populations indicated that some members of the AP2 gene family exhibit
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high genetic diversity in wild emmer wheat.

Keywords: Wild emmer wheat; AP2 gene; Evolutionary analysis; Expression pattern; Genetic diversity
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Chromosome distribution of AP2 family members in wild emmer wheat

Fig. 1

—TdAP2.3
—Td4p2.15.

TdAP2O2

4B

TdAP2.214

H o™

f& B H B RNA, i #% s il F) & Prime-
Seript™RT reagent Kit (Perfect Real Time)
(TaRaKa, H &) &/ cDNA, 3 WA ¥EE,
VL EAZ T R 1A T F (eukaryotic trans lation ini-
tiation factor, eIFDfEHNZ., PCR kR Z
% F488 SYBR gqPCR Mix (iScience, # [F ) i B
., Quant Studiotm 3 Real-Time PCR &%
(Thermo. &) # AT R M., PCR KW 2 J¥: 95
CTHUAZEME 30 s5 95 CAEME 10 s, 60 CiB K 30 s,
40 MEH, 3D AEWEEL, 22 ®it
SR DR B A Rk B

A & HE B 5 5 1y 22 28 5 DAY IR R
(GVMO000082)M , WA 45 B 28 17 HBF A= — ki /]
2 13 ik /N2 (Triticum durum Desf. ) | 99
1y 38 /NFE (Triticum aestivum L.) M5 FhFT 25
13 300 /N A2 AR B A s . A Blastp 4 %08
BHy AP2 3 H B 15 [ & (IWGSC RefSeq
v1.0) Z% H KA M & Al A5 2 E T 5 ex, i
PE LR 53 f ey 1) 25 AR by 3k B 1AL 5 AR 90 ik 328
LR U B R OS2 I veltools T
BB Z M (P A FBHA e E (FO
I R {2 geneHapR 47 HLA% AU A 5347

2 HEXREHAM

B Hi/NER AP2 RIEE R R EIEL SR
TEEP A R /N P E B 265 4> AP2 KR
M. 2A 2Bk PR ERZ(AD &

2.1

A TdAP2.133
N TdAP2195
—TdAP2.184 SCHARE A —TdAP2.222
[ ar L UL riapr 2 s
TRz Td4r2.31
T4AP2, 161
7443218
5T
|—7iap2.12: Td4P2.71 Tadr21e
TH4P2.143
TAPZ 25
N L AToNY)
Ta4P2.60 TdAP2.26
&« < )
S| ez g 3 =~ = ~TdAP2.107
a —TdA4P2.26 T4AP2.39
TdAr2.82
TdAP245 aApa 1
) 4AP2.
S ] TdAP2. 249
- |—Tuap2s7| | —Tadpr2s2
ez
TdAP2I3 1dAP2.26
TddE2.78 LdAL2.22 TdAP2.12. TdAP2.15
1d1r2311 TdAP2.214 TdAP2.53
TdAP21S TaAP2 263
{—Ta4p2.23 f—Tdap2.98
T2 193
—TH4P283 TaArze7
THAP2. 10 0AP3. 32 3
TaAP221d_ LUAP2.135
1
~1dAP3. = raar2i7
“TdAPIS ~TdAPE.
UAP25: TEAPZT6 R—
U —ruar2.246

HEHR/NEZEAP2 RERERNLEBEES S



51

X A B A TR/ AP2 GG R IR 4 E 5 RIS T .27 -

A 28 A, HKCH 6A 27 ) FI 6B(26 4
7B Yt fk bl SRR e (10 ) . X BB AP2
P A TS ER NN N v S g S B8 1
PR M4 R0 L B A RN E AP2 K
K 82(TdAP2. 35) ~658 aa(TdAP2. 64),%> T
9. 043 kDa(TdAP2. 35)~70. 252 kDa(TdAP2. 141),
56 5 K 4. 48 (TAAP2. 43) ~11. 62 (TdAP2. 189) .,
1 HL T 5% 2 BB 8(TAAP2. 35) ~66(TAAP2. 47,
TdAP2. 64, TdAP2. 141), IF L 5% KL BBl 13
(TdAP2.35) ~72(TdAP2. 66) , 3£ K 1 F- 21 {8 Hy
—1.073(TdAP2. 168) ~0. 062 (TdAP2. 228) ,
FUAEP A=~k /NG R AP2 F B B B 3R
KM

BF ORI/ (R AP2 BT T B R A AE A1 i
1 (69. 0%) FIH-544 (21, 9 %) , 2> BUE A7 78 40 i
JF (3. 8%) (R R (3. 8 %) PN M (1. 1%) %%
(£ 2), KR AP2 KA A B 51 76 BF A4 —kr
INEAEK SR REEAFNEN.

a b c
Motif L
Motif 2

 Motif 4
mmm Motif 5
Motit 6
Motif 7
Motifl 8
s Motif 9
Motif 10

35

5t 35 ] ! ! 3 s T -
0 100 200 300 400 3500 600 700 O 100 200 300 400 500 600 700 O 2500 5000 7500 80000 90000

a: RBBE T KRR b AT IESF o AT d TR 25

£2 AP2RKHRETE - RANE T TRBE SR
Table 2 Results of AP2 family members subcellular

localization in wild emmer wheat

41 W5 st
Subcellular Number of members Ratio/ %

HHfi4% Nucleus 183 69.0

-4 4& Chloroplast 58 21.9

AL Cytoplasm 10 3.8

2 ki /& Mitochondria 10 3.8

P Endoplasmic reticulum 3 1.1

i E AL WA Peroxisomes 1 0.4

AP2 CD:
AP2 superfamily UTR

2.2 BEZR/NE AP2 RGHEMRTER W

YT A TR NAE AP2 R R HE AT R G ik
Ao, g5 B (E 2) s, AP2 KiE vl 438 3 A~
ECE 22) . ARAE Motif B 45 R (& 2b) , % 1
A5 AL A motif6, motif2, motifl #1 motif3,
HaX 28 motif (1 HEF T JE A — 0 Wk 11 AL 5t
F T AL motif5, motif4, motif2, motifl 1 mo-
tf3 MR i 5 2 AL motif6 .motif2 ,motifl,

d

Motif 3 —RK 14948 superfamily

3

a: Phylogenetic relationships; b: Conserved motif; c¢: Conserved domain; d: Gene structure.
B2 EFEZR/NE AP2 KRB EF S

Fig.2 Sequence analysis of AP2 family members in wild emmer wheat
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a: Replication events of AP2 genes in wild emmer wheat, where adjacent genes indicate tandem duplication events; b: Replication e-
vents of AP2 genes in durum wheat, where adjacent genes indicate tandem duplication events; c¢: Homology analysis of AP2 genes be-
tween wild emmer wheat and durum wheat; d: K,/K| scatter plot of homologous AP2 genes between wild emmer wheat and durum
wheat, with a red diagonal line indicating K,/K s equals 1.
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Fig. 3 AP2 gene replication and collinearity analysis in wild emmer wheat
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Table 3 Analysis of cis-acting elements in upstream 2 000 bp of AP2 family members

YjHE Function

T %R Number of elements

TEFE SEFF IR B — 30 24 #0831 F I Core promoter element around —30 of transcription start 4 889

S0 B 6 Light responsive element
J& 3 F AN 3% F IX 38 Promoter and enhancer regions
AR B G ) b Me] A-responsiveness
it ¥% R S 1 Abscisic acid responsiveness
R 53 Anaerobic induction
K FE N Auxin responsiveness
5.0 . Drought responsiveness
I ¥ Low-temperature responsiveness
55 60 F11 . 38 v Defense and stress responsiveness
TR FE E WM Gibberellin-responsiveness
A 853K Meristem expression
JK AR L Salicylic acid responsiveness
FAREAICEITETY Zein metabolism regulation
T 745 S M P8 45 Seed-specific regulation
WF. 235 Endosperm expression

SR AT AL R Circadian control

A 0 PR 40 M 19 434k Differentiation of the palisade mesophyll cells

20 M B 198 35 Cell cycle regulation
2K ¥ i A )4 R % Flavonoid biosynthetic regulation
45 Root specific

i % Wound-responsiveness

3 080

2 800

1428

1288

7K A, $ K 1 Dehydration, low-temperature, salt stresses responsiveness 4
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a: Codon usage of AP2 family members in wild emmer wheat; b: ENC-plot analysis of AP2 family members in wild emmer wheat;

the horizontal coordinate represents the GC content of the third bit of all codons, and the vertical coordinate represents the effective co-

dons; c: PR2-bias-plot analysis of AP2 family members in wild emmer wheat. The horizontal coordinate represents the ratio of G base at

the 3rd position of all codons to C and G base at the 3rd position, and the vertical coordinate represents the ratio of A base at the 3rd posi-

tion of all codons to A and T base at the 3rd position.
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Fig. 4 Codon preference analysis of AP2 family members in wild emmer wheat
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Fig. 5 Expression patterns of AP2 family members in different tissues of wild emmer wheat
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Fig. 8 Nucleic acid diversity index of AP2 gene in different wheat populations
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