HREY¥IM 2026,46(5) :576—583
Journal of Triticeae Crops doi: 10.7606/j.issn.1009-1041.2026.05.02

%) &% 3 R RS 18] < :2026-04-15
M4 W iRt Ak - https: //link. cnki. net/urlid/61. 1359. s. 20260415. 0917. 002

INZERUEZE R TIR 2 AR I R 8% 548

eSS S JE 23 SR

CL. V3B R 2E B AR AR 2R B (RO RS 22 B L & FTHIR 2424 Bt ) L IF R IR 11 5702285 2. M IS [E R 9086 % MR =W 572024)

1 S toll/afrFE-1ZHR(TIRDE MR ARA MY LR LZAGEZL Sy, KM EFREELEF
TIR%E}%?}%ﬁé‘r‘?ﬁi?%iﬁm AHRATARAAHFHEHHE, @£, -4lﬁi‘l<7fﬁ4§7§«?— ¥ 1]
4§§:$—&+4J%kﬁf§iﬁﬁ’éﬁﬂl‘€%Iﬂgﬁ? Ao U T . oM T et X2 S R EX, 2R K
L, gk SRR AETRAEBEZENTIRARNERK SFAEMNLZART . FAZEARAY L 4 ARR
(TIR1,TNP1.,TNP2 #2 TNP3), + 4tk EEFEARA P . TIRAR L ATREHFT K. 5T R4 A1
TRATPTIR]I £ A RE AT KBV K., 2RXESHN . INPI AR ESHAR P ESFEARE AL LA
ZEARATRALSHEEEDERLEGTIRI AR EBH ODBAFREH AN ILTF REL . M ERSHRT B IZE
EARKRFLA, ARERBTTIAFELAE TIRABD R AGARPGHEE, At—F L TIR AR
RANHRSUNRET TE L R,

KEWR:TIRAR; N EEEE; FER; B RE T

hE4SFEE:S512.1;S512. 9;5330 Xk HRIRAD : A XEHES:1009-1041(2026)05-0576-08

Systematic Identification and Expression Analysis of the TIR
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Abstract: Proteins containing the toll/interleukin-1 receptor (TIR) domain are critical components of
the plant immune system. However, the TIR gene family in wheat and its wild relative Thinopyrum
species remains poorly characterized. In this study, we systematically identified the TIR genes in
common wheat, Thinopyrum elongatum , Thinopyrum intermedium , and Thinopyrum ponticum by
using genome and RNA-seq data, and further analyzed their evolutionary relationships and expression
patterns. The results showed that TIR genes in common wheat, Th. elongatum , and Th. intermedium
are highly conserved in both number and structure, with each subgenome containing four members
(TIR1, TNPI, TNP2, and TNP3). In contrast, a significant expansion of TIR genes occurred in Th.
ponticum , where 54 TIR genes were identified; the greatest expansion was observed in the TpTIRI
clade. Expression profiling showed that TNPI genes are highly and constitutively expressed across va-
rious tissues, suggesting their involvement in plant growth and development. Conversely, TIRI
genes were barely expressed under infection of powdery mildew and stripe rust, but were strongly in-
duced by Fusarium graminearum inoculation. Collectively, our findings reveal the constitution and
evolutionary characteristics of TIR genes in wheat and Thinopyrum species, and provide a foundation

for investigating the functional divergence of this gene family.
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Table 1 Overview of TIR gene family members

P W TR P B
Gene name Species Intron number Exon number Length/aa
TaTIRI-2A 1 2 225
TaTIRI-2B 1 2 225
TaTIRI-2D 1 2 225
TaTNPI1-3A 0 1 1005
TaTNPI1-3B 0 1 1006
TaTNPI1-3D A3 N 0 1 1 005
TaTNP2-7A Triticum aestivum 0 1 1005
TaTNP2-7B 0 1 1007
TaTNP2-7D 0 1 1005
TaTNP3-5A 0 1 993
TaTNP3-5B 0 1 1 000
TaTNP3-5D 0 1 996

""""" TeTIRI-ZE e s
TeTNPI-3E R (R 0 1 1005
TeTNP2-7E Thinopyrum elongatum 0 1 1005
TeTNP3-5FE 0 1 1 000

""""" TiTIRI-Z) T s
TiTIR1-2S 1 2 225
TiTIRI-2V 1 2 226
TiTNPI1-3] 0 1 1005
TiTNPI-3S 0 1 1003
TiTNPI-3V o ) {E 4 e 0 1 1 005
TiTNP2-7] Thinopyrum intermedium 0 1 1007
TiTNP2-7S 0 1 1006
TiTNP2-7V 0 1 1 006
TiTNP3-5] 0 1 996
TiTNP3-5S 0 1 992
TiTNP3-5V 0 1 999

""""" TpTIRI. 1 Ty s
TpTIRI. 10 2 3 380
TpTIRI. 11 2 3 380
TpTIRI. 12 2 3 380
TpTIRI. 13 1 2 224
TpTIRI. 14 1 2 224
TpTIRI. 15 1 2 224
TpTIRI. 16 1 2 224
TpTIRI. 17 1 2 224
TpTIRI. 18 1 2 224
TpTIRI. 19 1 2 224
TpTIRI. 2 1 2 225
TpTIRI. 20 £ e T 1 2 224
TpTIRI. 21 Thinopyrum ponticum 1 2 2924
TpTIRI. 22 1 2 224
TpTIRI. 23 1 2 191
TpTIRI. 24 1 2 225
TpTIRI. 25 1 2 225
TpTIRI. 26 1 2 225
TpTIRI. 27 1 2 225
TpTIRI. 28 1 2 225
TpTIRI. 29 2 3 248
TpTIRI. 3 1 2 225
TpTIRI. 30 1 2 224
TpTIRI. 31 1 2 224
TpTIRI. 4 1 2 225
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(4% 1 Continued table 1)
P By Fh WA TR VITAR ' EHKE
Gene name Species Intron number Exon number Length/aa
TpTIRI. 5 1 2 225
TpTIRI. 6 1 2 225
TpTIRI. 7 1 2 225
TpTIRI. 8 2 3 380
TpTIRI. 9 2 3 380
TpTNPI. 1 0 1 1003
TpTNPI. 2 0 1 1003
TpTNPI1. 3 0 1 1003
TpTNPI. 4 0 1 1005
TpTNPI. 5 0 1 1 005
TpTNPI1. 6 0 1 1 005
TpTNPI. 7 0 1 1004
TpTNP2. 1 0 1 1 005
TpTNPZ2. 2 A A R S 0 1 1005
TpTNP2. 3 Thinopyrum ponticum 0 1 1 005
TpTNP2. 4 0 1 1 005
TpTNP2. 5 0 1 1005
TpTNP2. 6 0 1 1 006
TpTNP2. 7 0 1 1007
TpTNP2. 8 0 1 1001
TpTNP3. 1 0 1 991
TpTNP3. 2 0 1 997
TpTNP3. 3 0 1 998
TpTNP3. 4 0 1 997
TpTNP3. 5 0 1 991
TpTNP3. 6 0 1 991
TpTNP3. 7 0 1 998
TpTNP3. 8 0 1 998
- ZmTIRI o 2 231
ZmTIR? A 1 2 236
ZmTIR3 70 fiji . 1 2 213
ZmTNI1 3 4 1003
ZmTNPI 1 2 947
"""""" AeTN2T wEx o0 1 e
AtTNI7 Arabidopsis thaliana 9 3 965
"""""" OsTIR ey g
OsTNPI B 1 2 1003
OsTNP2 Ory ZJ; W 1 2 987
OsTNP3 0 1 996
OsTNP41 0 1 850

2.2 NEMNMEZE TIREFEREHEREDT

FE/NAZ AT R A 7 15 v (] E 22 5 R [
KB B AR B ) i s kA ow , TIR1 JL
SPARFIE , TNPL B PR A6 D (4 K 22 0t 399 Fn 21
Zirh ¥Rk, HRIX &K & TNP2 HITNPS £ /5
HRIBAEREILN L F BRI (B 2, XUl
W], TNPI 1E/N 22 FIE 22 75 0 1E 8 A K f R & o
e B mEAEA W TNP2, TNP3 MTIRI 3 A
WJLFEAS S5 A A K &7 HE.

SRR AER Y TIR 3 5% 76 48 4 A8 ) oy 18
e B A Dy fig . AR R R G AT T /NE A
PR {1 22 o R A A B I 2 R R R AR 8k T

TR IR0 TR0 4% 45 TR R0 IS IO O sl A BB . AR R
M1, TIR1 37 %% % A 52 26 B M B 3 100 R 8 3
RS B /N B TaTIRI-2A/2B/2D 3 [H
Z AR HE R EE S Bz R IR K
WiFFhbI ok 47 25 A 2DL Fi AR B % QTL (&
3A FI 3B 5 [RIFE , A% A Al A 27 v g [m] U5
N TeTIR1-2E {E4EFN 5 24,48 F1 72 h & 3 i
F LB E 30 . 5 I0IE ke B X H i 7
o7 %o 3% A 7 % R DR TR R B R 2% 4 D AR g
I, TC I8 S 7E 35 38 /N 22 I 2 A IR T AE 22 o
TIRI B AR KM B K3k, XRIITIRI 1Y 5
TIOTE EL A e BE 0 R TR R S e PR OR AT RE L T



$ 5 BFIR% PNEMEEE TIR RRNEENREEES TR < 581

25T R T R TE AR TR R OB TIRT AR TN AR B AR T B A
o T E 0 T 25 9 RS DB O B R e o ISR B0 0 — VR AT TIRI 107
AR R T, SRR RBBR MR EIREE TR,

A W FH L Subgenome OA EBED B " ¢ TR Subgenome DT OV @S
r 0.75 TeTIRI-2E TiTIRI-2J/25/2V
2l TaTIR1-24/2B/2D 0.50 0.04 1
1t } 0.25 0.02}
0 I 0.00 N |
100} IT“ITNP des LB/ y 75 [eTNPI-3E (| mNELssSIsY
S 751 1 s s F
2 50 -',ll T ||| " id PR z 5
g 25l oo E 25 - . E |
E 20l TaTNP2-74/7BI7D ' % 20} TeTNP2-7E I I % 0.4t TiTNP2-7J17817V
2 1sl 515 I £ 03}
T 5 10} o 1 5021
WS w 03 I g O.1f
X 0 e b g N [P X 0.0 z X o.0R WY - o @ -
# TaTNP3-54/5B/5D | # ‘; TeTNP3-5E T " TzTNP3 5715815V
0.2}
I 2
" . i 1 _ Em & 0.1
0 . lu |“" 'l-ul, ..I-. | I II a s ] [ 0 %oé - - - 00
Z10|Z13|Z39| 730|732 |Z65| Z10| Z23| Z71| Z32|Z391Z65| Z71 | Z75| Z85 QD \\9 P Q& \\1. \‘é “5 : *ﬁ ﬁ
R Root | 2 Sten | It Leaf | 7 Spike JFF*YLGIQ 3SR @f\g’}e ?&%s?&iﬁ ;Q o Q Root Shoot Leaf Spike
INE Triticum aestivum 63 Oq‘bﬁ eﬁ-? go\ [ B B
Thinopyrum intermedium
AR KRR 4

Thinopyrum elongatum
CAD/NAZ TIR J R G0 B b3 7 AN 1) 2 17 6 3 (210~ Z85) B 21 1 Y Rk 15 B /N 22 A 1 R 7 W BERI 23 2R Al Zadoks 5 ¥ 5 (B) —
PRI BRI 22 0 TIR F PN G0 A 5% 18 AN [l 4 77 06 300 A 2L 0P 9 k5 (OO HP M 22 50 TR kDA 520 5% 8 S [l ZHL AP B R 1 0L
(A)Expression patterns of wheat TIR gene family members in tissues at different developmental stages(Z10—Z285). Wheat growth
and developmental stages were classified according to the Zadoks scale; (B) Expression profiles of TIR gene family members in diploid
Thinopyrum elongatum across various tissues and developmental stages; (C)Expression profiles of TIR gene family members in different

tissues of Thinopyrum intermedium.
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Fig. 2 Spatiotemporal expression analysis of the TIR gene family
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(A) Expression patterns of wheat TIRI genes in wheat lines with (2DL-+) or without (2DL-) the 2DL QTL for Fusarium head
blight resistance. RACH: Rachis; SP: Spikelet; FG: Inoculated with Fusarium graminearum ; H,O: Mock-inoculated with water; (B)
Expression profiles of TIR1 genes in wheat lines carrying or lacking the FhbI locus. Water served as the mock control. DON: Deoxyni-
valenol treatment. 12 h and 96 h represent 12 and 96 hours after Fusarium graminearum treatment, respectively; (C) Expression of
TIR1 genes in Thinopyrum elongatum before and after F. graminearum inoculation.

B3 RARITHEBERFANRTIRI ERARESW

Fig.3 Expression analysis of TIRI genes inoculated with Fusarium graminearum inoculation
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