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Identification of the CrRLKIL gene family in Setaria italica and analysis

of their expression pattern under abiotic stress

ZHAOQ Ying', ZHANG Fengjie?, FU Chengcheng!, WANG Ying!, DUAN Tiantian', LI Xueyin'*

(1. College of Life Sciences, Shanxi Agricultural University, Jinzhong, Shanxi 030800, China; 2. College of Agriculture,
Shanxi Agricultural University, Jinzhong, Shanxi 030800, China)

Abstract: To elucidate the composition and biological functions of the CrRLKIL gene family in foxtail millet(Setaria
italica), the CrRLK1L family members were identified and analyzed based on the foxtail millet genome information. The
expression patterns of these genes under abiotic stresses such as drought, high temperature, and low temperature were also
investigated. The results showed that a total of 29 CrRLKIL genes(SiCrRLK1L) were identified, exhibiting high sequence
conservation, which implied potential functional redundancy among members. Compared with Arabidopsis thaliana, the
CrRLKIL family shared a closer phylogenetic relationship with rice(Oryza sativa), suggesting monocot-specific
evolutionary conservation. Most SiCrRLKIL genes displayed elevated expression levels in root tissues, indicating
pronounced tissue specificity, possibly associated with root development and stress perception. An abundance of stress-
related cis-regulatory elements, such as drought stress were identified in the SiCrRLKIL family, supporting their role in

abiotic stress adaptation. SiCrRLKIL7, SiCrRLK1L23, SiCrRLK1L25 and SiCrRLK1L27 were significantly regulated under
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SRS, FER, W, fIEd, ETENRRREIRF R LI S5 FREFIT, lixueyin2010@163.com
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drought, low temperature(4 °C) and high temperature(37 °C) stresses, exhibiting distinct temporal expression patterns.

Keywords: Setaria italica; CrRLK1L gene family; stress resistance; abiotic stress
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(PF12819)FIZ 32 PRI £ (1 25 A 3 (PFO77 14) Ky
SiCrRLK ILHIES Fh /R il AR, F1 I TBtoolsi {4 ik
TP AL, i e 15 B4 F CrRLK L Z W e i ik
o MBS FE IR 5 % (https://phytozome.jgi.doe.
gov/pz/portal.html) 1 T 245+ CrRLK 1L B 1 1
BRIy 5 S5 EH S, 18 MEME-Suite(https:/
meme-suite.org/meme/tools/meme) 73 H7 4% § CrRLK 1L
f%E 5L, #) I NCBI(https://www.ncbi.nlm.nih.
gov/Structure/cdd/wrpsb.cgi) /AT HARSF 25 #48,

1.2 BFCRLKILEEREEMEEZENH

| F} ExPASy-ProtParam(https://web.expasy.org/
protparam/) X} SiCrRLK I LEER KM BRI EAE 50 A
e PEFR RS A M B T 0T, I FH Cell-PLoc
2.0(http://www.csbio.sjtu.edu.cn/bioinf/Cell-PLoc-2/)
T H 20 o 17

FH MEGA11.0TH., X4l +
SiCrRLKIL . BIFEITAtCrRLK 1L K AFOsCrRLKIL
RIGM G AT Z PN, RIS RIE RGE AR
F i TBtools(https:/github.com/CJ-Chen/TBtools) , ¥
SiCrRLKILIE TR (A b A8 ST aT AL, Jf
XFSiCrRLK1LFER BIGRT e A e T 208, PRI
T 55NE T R4 . F I PlantCARE(http:/bioin
formatics.psb.ugent.be/webtools/plantcare/html/)*F- £ ,
YE SiCrRLK ILEE R 1% 15 1 ATG Fii#2 000 bp
I FE 81 A S B TR, 4 SICrRLK LA
[ % 5L 82 7 4 I 1% 1] SWISS-MODEL(https://swiss



5551 85 6 ) A

BT CrRLKIL 3R R %

FCAEAR A 38 9 FB By 39

model.expasy.org/), XJFFH HELERIATHT -
1.3 BFCrRLKILRIEEE FRIZKFE S

M Phytozome$& U4 T CrRLK 1 LI R 7EAS ] 41
LURN B 1 DL e AN [] 38 Ab BT (9 5 5 2H FPKM %5
P, i FH TBtools A4 %) Ek 247X £k (logo) b HH
LA T CrRLK I LIE R Y FE k4

1.4 BFCrRLKILKIEEEEIEEMIME T RIX

R
141 XBEAHHH R R A

BERIKIR S TR T 70% 2 BN EE I, 35
AP IR, AR ARG IR10 AR, B
FAKE; R B R U, Z e X b T Ab B B
FEBCH] . REJCREW, 10mL; FCaF, 10
mL; fURICEBM, 1 mL; SEPERIER, SmL; &
BRI, 0.5mL, MMZEM/KERZIL, ZJ5H17pH
#5.9~6.0, HERKHE ., KMHERA Y0,
W IS 44

1) T (PEG6000MME)bFRL - A5 471 43 5l #E
PEG60007 W (AT 73 50H20%) H115570.5. 1.0, 3.0,

6.0F112.0 h;

2) fIKi(4 °C)LbFEL . 7E4 °CEEFRFE 7l kb
FH0.5. 1.0, 3.0, 6.0#1112.0 h;

3) FE(37 °CYHAL: #E37 °CREFRA T 45
AEFRO.5. 1.0, 3.0, 6.0F1112.0 h;

4) XPHEH . TEIEH R R

A3 AP IR AL BERTHA(0.5. 1.0, 3.0, 6.0F
12.0 h)AYRE S B T80 °CUKARAEL, 7.
1.4.2 ZBFHARNARYG 4R BRAn 52 B 32 2 2 PCR

M—80 °CoKFHHELEEAS, i FHOMEGAEY)
RNAIRBGAFI & ILHRNA, AR5 4T cDNARY R 4%
R, RIS cDNARFE-20 °CITKFE B, £1%F
SiCrRLK I LEEHJF EqRT-PCRA|I ik it (F1), fxft:
PP ETEL00 bp ity , FRAE7E80~200 bpiti [l 4 .
LASi-B-ActinfE R NZ I qRT-PCRIAZRUNT : 10 uL
gqPCR Master Mix, b Fiif5[#450.4 uL, 2.0 uL
cDNA, 72pLddH,0. #3455 95 CHZEM:30s,
95 °CZEME10 s, 58 °CiIE k10s, 72 °CHEfH30 s, 1
WHON40, B EE 3R, SR 225
SiCrRLK ILBER AR X ik 19,

"1 ERRAEESH

Table 1 Real time fluorescent quantitative primers

FEE AR K& /op EmGI#(5—3) K 51#1(5—3"
SiCrRLKIL7 123 TACCGCTTTGCCTTCAGTGT TGCAACCTTGGTCTCATCCC
SiCrRLKIL23 133 GGGCTCCACTACCTTCACAC ATTCAGGCCCGACCTTTGAG
SiCrRLKIL25 154 GAGGTGCTCAAGGAGATCCAG AGGATGCAGCGTCCAGGTT
SiCrRLKIL27 125 CCCCTTGTGATGGTGGGAAA AGCCCGTCTGAGTCCATACT
0 pEBEESE LS 5.53~9.06; K RECH-0.288~-0.011, /K

2.1 SICrRLK1LERRERRLEE

AW FEIEAS T 48 56 B A S 0 3k 31 29 4>
SiCrRLKILSEH , M HAE R E)y, Rk
# NSICrRLKILI~SiCrRLKIL29(352)., 22 W, .
SiCrRLKILZG N 01 2 SRR A 724~9581 ;5 HH
XAy IR PG 4 79.91x103~104.99x 10%; #5145
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Table 2 Analysis of basic physical and chemical properties of the SiCrRLKI1L gene family

S 4R RO CRIER AR pkmy DT PRIER A
e BORAS RE/10° TR iR FEL

SiCrRLKILI1 Seita.1G087000 1 724 79.91 5.53 -0.232 81.80 47.63 IH-ZRfA
SiCrRLKI1L2 Seita.1G087100 1 898 99.28 6.13 -0.170 89.14 38.40 IH-ZRfA
SiCrRLKIL3 Seita.2G030500 2 842 93.05 5.85 -0.225 84.41 36.03 IH-Z3fA
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SiCrRLK1L4 Seita.2G183100 2 894 97.97 5.55 —0.163 81.93 37.53 ik
SiCrRLKILS Seita.2G183300 2 897 99.46 5.81 —0.177 85.30 41.50 IR JEN
SiCrRLKIL6 Seita.2G183500 2 886 97.63 5.89 —0.181 85.05 35.72 IE2JEN
SiCrRLKIL7 Seita.3G041700 3 841 92.18 6.87 —0.105 89.92 26.17 IESJEN
SiCrRLKILS Seita.3G172100 3 876 95.65 6.37 -0.100 92.07 38.22 EEIEN
SiCrRLKIL9 Seita.3G172200 3 958  104.70 6.59 —0.244 84.27 38.31 EEIEN
SiCrRLKILI0  Seita.3G172300 3 958  104.36 6.94 -0.205 85.11 36.37 EEIEN
SiCrRLKILII Seita.3G172500 3 955  104.52 7.07 —0.218 83.81 34.18 ESJEN
SiCrRLKILI2  Seita.3G172800 3 954 104.99 7.89 -0.201 86.76 38.37 ESJEN
SiCrRLKILI3  Seita.3G288700 3 874 95.06 6.15 -0.210 80.13 33.47 ESJEN
SiCrRLKILI4  Seita.3G289000 3 912 101.01 6.08 —0.240 79.24 40.95 IEENEN
SiCrRLKILI5 — Seita.3G289100 3 753 82.52 7.22 —0.238 77.42 36.61 NI
SiCrRLKILI6  Seita.3G330900 3 944 104.09 6.80 —0.163 88.17 41.49 EEIEN
SiCrRLKILI7 — Seita.3G331000 3 914  100.19 6.54 —0.134 89.10 4243 ESJIN
SiCrRLKILIS — Seita.3G338700 3 943 104.82 6.55 —0.288 83.86 39.01 ESIEN
SiCrRLKILI9  Seita.5G110400 5 863 92.97 5.86 -0.011 88.49 36.82 ESJEN
SiCrRLKI1L20 Seita.5G130300 5 917  101.31 6.55 —0.189 84.88 38.50 EEIEN
SiCrRLKIL21 Seita.5G470500 5 944 103.68 6.39 -0.173 85.97 43.69 RSN
SiCrRLKIL22  Seita.7G240600 7 851 94.45 6.18 -0.230 82.39 38.06 I EENEN
SiCrRLKIL23  Seita.7G272000 7 837 92.17 6.34 -0.137 90.13 37.69 R JEN
SiCrRLKIL24  Seita.7G334000 7 925 102.13 5.73 —0.186 89.62 39.56 IR JEN
SiCrRLKIL25 ~ Seita.8G001700 8 928  102.38 5.68 -0.171 90.08 39.03 IR JEN
SiCrRLKIL26  Secita.8G244300 8 767 84.43 5.78 —0.152 87.85 36.07 T2 JEN
SiCrRLKIL27 ~ Seita.9G414400 9 885 95.72 5.77 -0.173 79.88 32.07 NI
SiCrRLKIL28 ~ Seita.9G447800 9 864 92.48 9.06 -0.098 84.38 43.18 IEENEN
SiCrRLKIL29  Seita.9G559900 9 862 93.60 5.95 —0.115 82.83 44.30 ik
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Fig. 3 Synteny analysis of CrRLKIL in Oryza sativa, Setaria italica and Arabidopsis thaliana
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Fig.5 Protein motif, gene conserved domains and gene structure of SiCrRLKIL
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#3 SICrRLKILEARR-HLEM
Table 3 Secondary structure of SiCrRLKIL protein
FE[R 2 Bk JEHID o IERE G % B E% OB E%  SERE 5 /%
SiCrRLKILI Seita.1G087000 29.18 3.87 48.13 18.81
SiCrRLKIL?2 Seita.1G087100 27.20 4.91 47.49 20.40
SiCrRLKIL3 Seita.2G030500 29.25 3.92 47.32 19.50
SiCrRLKIL4 Seita.2G183100 28.44 4.59 47.26 19.71
SiCrRLKILS Seita.2G183300 26.34 4.13 48.88 20.65
SiCrRLKIL6 Seita.2G183500 27.34 4.86 48.02 19.77
SiCrRLKIL7 Seita.3G041700 27.86 4.64 47.74 19.76
SiCrRLKILS Seita.3G172100 28.57 5.14 46.40 19.89
SiCrRLKIL9 Seita.3G172200 26.85 4.49 49.32 19.33
SiCrRLKILI0 Seita.3G172300 27.69 5.02 48.69 18.60
SiCrRLKILI1 Seita.3G172500 27.88 4.82 48.22 19.08
SiCrRLKILI2 Seita.3G172800 26.97 5.04 48.37 19.62
SiCrRLKILI3 Seita.3G288700 23.94 5.84 49.71 20.50
SiCrRLKILI14 Seita.3G289000 27.33 4.61 47.75 20.31
SiCrRLKILIS Seita.3G289100 26.06 5.45 48.80 19.68
SiCrRLKILI16 Seita.3G330900 27.04 4.98 48.36 19.62
SiCrRLKIL17 Seita.3G331000 26.29 5.26 49.18 19.28
SiCrRLKILIS Seita.3G338700 26.54 5.41 48.41 19.64
SiCrRLKILI19 Seita.5G110400 27.15 4.29 48.38 20.19
SiCrRLKIL20 Seita.5G130300 27.73 5.57 47.16 19.54
SiCrRLKIL21 Seita.5G470500 27.89 4.03 47.93 20.15
SiCrRLKIL22 Seita.7G240600 25.53 5.06 48.24 21.18
SiCrRLKIL23 Seita.7G272000 28.23 4.78 48.21 18.78
SiCrRLK1L24 Seita.7G334000 29.11 2.81 47.08 21.00
SiCrRLKIL25 Seita.8G001700 29.77 3.88 47.14 19.20
SiCrRLKIL26 Seita.8G244300 28.72 535 45.17 20.76
SiCrRLKIL27 Seita.9G414400 25.00 6.00 48.30 20.70
SiCrRLKIL28 Seita.9G447800 23.64 0.00 57.13 19.24
SiCrRLKIL29 Seita.9G559900 25.44 4.30 50.99 19.28
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Fig. 7 Three-dimensional structure of SiCrRLKIL proteins
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Fig. 10 Expression patterns of SiCrRLK1L gene family under drought, low-temperature and high-temperature treatments in Setaria italica
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