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x5 B, FaRoE, #simm, & o, o ®, jEN, 4 @', LFE
(LHR A K 2F AR 2= B, HOR 220 7300705 2. H R MOl BRE B AR 2B, Bl KK 7410205 3. 22 M IR AT UL B R K2,
Hfr 220 730030)

fHE. SPL(SQUAMOSA promoter-binding protein-like ) ZE5 B It Z 5P A1 & B FIPRA W N, oHR5T B S A
el SPL FIGRFE R AEER I8 T AT 5 3T AL , AR % L6 PR G0 1 03 iR AT T %8 8 AR A B2for i, SR 3RIH,
MR IRAR AL S A B P LR i 1 20 4> SPL BRI, 4328 8 AN SR , 35 1 5 IV 240 i o o7 0 45 2R b 7R SPL
I FEBE N THMI,20 A~ SPL 25 4 EA SBP {RSFASEL, MAUMAL SPL AWM I BTAHRT 43 F 54 15 296.08 ~
130 310.8; %5 H 15495.64~ 9. 65 ; SUETHUN2 106~ 18 214 IR H133~1 176 aa; JEIEFERUN46.35~87. 53 ;34 K
FKMEARAMAREE AT, BAMAL SPL ZBHE H RZ5 ) /3 Hr s R R W, TORNAE I A o-88058 5 Lh R, Rk
P4 SRR 2 NaCl it FANRISR E AP BRI SPL FIGHER BA AR RIAY A3, LrSPLY ZEAR AN FR s oy
TR, ZWFITEE TR ] O AR MAT SPL 3 B SRR A G R b3 e sy T R — A R ER S

FER:  MEMIIT, NaCl Wi, SPLE:EN T, EW(E B0

FESES: S722.376 XEkFRIREG: A XEHS: 1000-4440(2024)11-2001-12

Identification and bioinformatics analysis of SPL transcription factor fami-
ly members in Lycium ruthenicum

LIU Yun', GUO Yi*, LI Xiaoxiong’, HU Xiaotong', MA Rui', DU Yu', JIA Xibei', LIU Di', MA Yanjun'
(1.College of Forestry, Gansu Agricultural University, Lanzhou 730070, China; 2.Gansu Forestry Polytechnic, Tianshui 741020, China; 3.Lanzhou Re-
sources & Environment Voc-Tech University, Lanzhou 730030, China)

Abstract: The SQUAMOSA promoter-binding protein-like (SPL) family members are involved in plant growth and devel-
opment and stress response. To investigate the salt tolerance molecular mechanism of Lycium ruthenicum SPL family genes under
salt stress, the gene family members were identified and analyzed by bioinformatics. The results showed that 20 SPL family mem-
bers were screened from transcriptome data of Lycium ruthenicum, and they were divided into eight subfamilies. The results of
protein subcellular localization prediction showed that SPL proteins were mainly located in the nucleus, and 20 SPL proteins had
SBP conserved domains. The relative molecular weight of SPL family proteins in Lycium ruthenicum was 15 296.08-130 310.8. The
isoelectric point was 5.64-9. 65, the total number of atoms was 2 106—18 214, the number of amino acids was 133-1 176 aa, and
the lipid solubility index was 46.35-87.53. All of them were hydrophilic proteins and unstable proteins. The results of protein

structure analysis of SPL family in Lycium ruthenicum showed

WS H 25 :2023-12-07 that random coil and a-helix accounted for a large proportion.
ELIA . HlA SR S #5115 B (2023CYZC-46) 5 22 M %5 The results of expression pattern analysis showed that the SPL
FREEHROY AR K2 8 S BRI H (X2022ZD-05) 5 22 M T family genes of Lycitum ruthenicum had different expression

BRI H (2022-2-22) trends in different organs under NaCl stress, and LrSPL9 was
EBB X #(1995-) , 20, Hol#LE A, 84 BF58 07 ) g Aok highly expressed in roots and leaves. The results of this study
WAL H I, (E-mail) 1223318211@ qq.com can provide a reference for further research on salt stress re-

BHRAEE 2 R, (E-mail) 465092169@ qq.com sponse of SPL gene family members in Lycium ruthenicum.
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T 55 5 AT P A DG 4 T8 R X6 85 /0 e LA 9 LTt 43
TR T N TR R A & HA I L,

HATC MR IKREES /N2 (Triticum aesti-
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cum) "' [0 15 B P W5 ( Euscaphis konishii )'"7 | 2T 4E
( Carthamus tinctorius )™ . 3% W ( Brassica oleracea
var.) """ I KA ( Pinus massoniana ) "™ F111 25 (Ae-
gilops tauschii) " SRR Hh S A2 1 SPLL %5 R T
FIHED (BAE SR RAAC G ARAT SPL B PR AR SCHIE
FEARIA . AHEFEEET AR e BE NaCl 75 [a] 38 i 1]
AEFRT Y RS M RCHE S AR ek A 45 B i
RGN BT SPL SER K51, o B Hed iy
AR SO o R 7 PR ST Al A e 2 1 o
Skt S RGEIAR S eIk, R ABIESE SPL 5
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FESR AT T TS S5 feh
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1.1 REH A

AR BT A YA B DR T H R ARl KA Ak
2P E A S e = ) SRR ARG L G B A R AR AR A
FAGFRFEMCTT WA 1, FERC B LF B 3G 57 H b P 3¢
B BIHIACAIRE 1, 14 d S e B R A A X
— B R RAAC A B SR 5 d, SRR LR AR B
HEUFHY 1/2 Hoagland 72 (pH 4 5. 7) th i35 5% 14
d, Z ¥ HA A 1/2 Hoagland #3321k TP 347 £0 38
(NaCl) ZbFE>20 R e db B sCF 3 Fh, 439 J2:
AN NaCl it A 50 mmol/L NaCl, fill A 250 mmol/L
NaCl, 43 H FEEE B iE 4L B 0 h 1 h A1 12 h #£47 HL
REP XA IR B NaCl 4 B 7 20 A RE 5 40 64T 3
AMEYPFEE S, Z9d NaCl ARG | 8N [R5 i Ak
K R FEARFNSERE A i R BORE | 298 B i A it
WA 0.1 g, REFES G W EE AR IR FET-80 C
VKA FE S B R R 2 IR A B R
FATBRA R i SR |
*1 BROCHEAREESEFERS

Table 1 The tissue culture conditions and medium formula of Lyci-

um ruthenicum

B AT e =1y
W K WiH K
SRR E] (h) 16 1/2 MS B53: % (/L) 2.47
TR (Ix) 700 BElE (g/L) 5
B/RIREE(C) 22+2/20+2| [HEHE (/L) 20
AR (%) 65 INAA (mg/L) 0.2
pH 5.7 IBA (mg/L) 0.2

1.2 EYERFSH

1.2.1  ERAMA SPL AR TARR G &R TE
Pfam F(4i )% (http . //pfam.xfam. org/ ) T & SPL FK %
(PFO3110) 2" iy i /R W % A4 A0 SC A, il 1]
TBrools FAFHEAT BRI , SR 5 MR SPL Z R H
FPRSFE 93 SBP , F NCBI(https ://www.ncbi.nlm.
nih. gov/Structure/cdd/wrpsh. cgi ) TE £& K F
SMART ( https ://smart. embl. de/ ) 7E £& 3% £ F- 1K i
1, R AAF R BIRMIAL SPL B SN 5
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122 ERA4 SPL Kk & i T 40 fe AL TR B 32
Ak i A1 N WoLF PSORT ( https ://wolfpsort.
hge.jp/ ) TELARAF N A SAGAC SPL S0 2 11 B Ir. 40
M 7€ 17, 2K ] Expasy-ProtParam ( https://web. expasy.
org/ protparam/ ) TELAR X FEARAAT SPL K AT
PRAHE AR B K PR HEAT 23 B, {8 ] SignalP-6.0 (ht-
tps://services. healthtech. dtu. dk/services/ SignalP-6.0/)
TELH AT PRER A SPL Z MG AR 1 B 5 ik, 1 1]
ChiPlot ( https ://www. chiplot.online/ ) TE LR A2 1
SR SPL SR IGEE SO A 5T 4%

12.3 ZRMi SPL RrZ O REMFIRTEH
o H FIH SOPMA ( https ;//npsa-prabi. ibep. fr/
cgi-bin/npsa_automat.pl? page = npsa_sopma.html ) 7£
AT BRI AAL SPL R TR 1 i R 45 #4730
WA 53 ¥, K - MEME ( https ://meme-suite. org/
meme/ tools/meme ) 7 £& B F 73 1 B SR M A SPL 5%
TR RSP JE T, 4l FH TBrools 114 X 22 5 f A
SPL & Y RGEFEAL PR ~F 45 0 A O <7 i e A7
Kol T AL

124 ZRAk SPL XAE G R ARSI 1E
TAIR ( https ://www.arabidopsis.org/ ) #4225 48l g
J¥ SPL Z 54K 1 B8 , 7 NCBI (https ://www.ncbi.
nlm.nih. gov/ ) B0 4 T 207 i SPL SR 28 11 B4k ai
FIHREL ( Nicotiana tabacum ) SPL F G H B 5 ,

&2 ERWIC SPL ERREH R EHBHIE B REBAMER

HI MEGA-X 31y MUSCLE T H#E47 B M 7
i JEFFI R T SPL 8 H A 2 81 LEX , SRS i H]
MEGA-X 4 RKAUSR #: ( Maximum likelihood , ML)
MR G2 & B W, I8 Bootstrap S5 41 000,
fdi i1 ChiPlot TVBOT ( hitps://www. chiplot. online/
tvbot.html ) P FELR R 422 i PR AR A AL 7 5t 4 A
FARETT SPL A BN R GEE A

125 ZRA4 SPL A& B 5k 89 R AKX
o RGO 3545 2 ) FPKM ( Fragments
per kilobase per million reads sequenced ) (4}, fifi FH
ChiPlot 7EZHAF2: il R AAL SPL 5 R KR Il A
TEHAR 5 v i R LA K SRR A AC SPL A& A
Ml 17 6 Fop 388 A 235 0 T

2 HEREH

ERMIC SPL ERREHRRETE

P DL A SR A B AE NCBI B8 1 (https 2/ /
www. nchi. nlm. nih. gov/sra ) B & 3% 5 N
SRR7700825' %", i SPL 5 I et T /R 1T KA
BASCAFFIT TBrools KA 41 i AR ARAL SPL JE P 5 i
G J5 , 7F NCBI Conserved Domains 1 SMART [ #f
— - FBRTC SBP LRAFEEA IR AR 7 81, I 415
FIPRIRAAL SPL B Z TR B 20 A, 7353l i 45 A
LrSPLI ~ LrSPL20( % 2)

2.1

Table 2 The SPL gene family members and the physicochemical properties of their encoded proteins in Lycium ruthenicum

e I 1
iy 5 WM TR S RRERE T ki gmrg LR
LrSPLI TRINITY_DN1255_c0_gl _il_1 20 333.18 8.61 52.03 72.81 -0.867 2 846 178
LrSPL2 TRINITY_DN15150_c0_gl _il1_3 32 953.19 8.78 62.08 50.48 -0.954 4 489 290
LrSPL3 TRINITY_DN15841_c0_gl_il_10 55 401.14 9.07 50.55 65.17 -0.510 7 663 507
LrSPL4 TRINITY_DN16713_c0_gl_il_6 49 660.48 8.59 44.86 62.60 -0.587 6 855 450
LrSPL5 TRINITY_DN17487_c0_gl _i1_7 34 012.75 8.71 69.03 55.56 -0.671 4 653 311
LrSPL6 TRINITY_DN18187_c0_gl _i3_8 32 843.29 9.29 46.67 60.93 -0.687 4539 291
LrSPL7 TRINITY_DN197_cO_gl_il_3 38 936.95 9.21 50.32 54.45 -0.727 5342 362
LrSPLS TRINITY_DN23889_c0_gl_i2_5 47 607.20 9.11 52.03 56.37 -0.678 6 574 433
LrSPL9 TRINITY_DN24604_c0_gl _i3_10 109 745.30 5.64 58.92 80.81 -0.415 15 247 988
LrSPLI10 TRINITY_DN24775_c0_g2_i9_2 130 310.83 6.53 46.93 87.53 -0.164 18 214 1176
LrSPL11 TRINITY_DN24794_c0_gl_i4_4 86 517.53 6.55 52.40 76.18 -0.404 12 055 768
LrSPLI2 TRINITY_DN24900_c1_g2_i2_5 112 204.41 6.74 50.41 83.12 -0.313 15 665 1018
LrSPLI3 TRINITY_DN24900_c1_g3_i2_5 108 478.74 8.02 43.97 82.14 -0.400 15 140 978
LrSPL14 TRINITY_DN25049_c2_g3_il_1 15 738.58 8.80 78.27 46.35 -1.199 2 160 137
LrSPLI5 TRINITY_DN27675_c0_gl _i7_7 79 657.47 6.16 52.60 76.37 -0.414 11 081 706
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HH B S Do
= P JE- N . " § IR
s 454 WA FRE S ARERE e ki gmrg LR
[rSPLI6  TRINITY_DN3222_c0_gl_il_9 31 681.73 8.14 66.46 52.45 -0.791 4301 290
[rSPLI7  TRINITY_DN4757_c0_gl_il_2 15 296.08 9.65 66.07 54.96 -1.062 2 106 133
LrSPLIS  TRINITY_DN6412_c0_gl_il_10 44 550.45 8.83 54.93 71.53 -0.656 6193 391
LrSPLI9  TRINITY_DN9613_c0_gl_il_4 53 717.50 8.15 61.14 67.75 ~0.636 7 450 479
LrSPL20  TRINITY_DN9749_c0_gl_il_8 43 369.97 9.11 55.57 69.39 -0.787 6 029 376

SFHLE KT 7. 00 M BEAEER S, /N 7. 00 B9 et 2R 11 BT s ARRCE PR BT 40. 00 19 ANRRUE B 1T, /NT 40. 00 19 R B 28 11 05 5 3B 7K 38

BOCT 0 BRBUKEE A B, /N T 0 BRSO IEE AR,

2.2 EEREWI SPL RKkEARITMMEE L RIEN
350

MAE 1 AT SRR MAS SPL 0 1R R L
SPL10 & [ 3740 fifd 7 47 F o s, ok 19 AN
MM E N AEAN A, I HL 20 458 R JE TR 7 51 41
REFETR, M2 al WL, SEAAT SPL 2 AT
Iy THEN15 296.08 ~ 130 310.8; 45 H, 15 45.64~9. 65,
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ZHh, HA 15 4 LiSPL & R HL S # KT 7.0, 16
BB IMIAT SPL ZHEHE KR 280 s il 2 AL
AFaE R BUNA3.97~78. 27, ¥ AR 56 A T v
FEE N 46.35~87. 53; R AKFEHUH -1.199~ -0.164, &
HRAEEAKPE B A 0T BT 502 106~ 18 214 2 3
FRANEUN133~1 176 aa,
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Fig.1 Subcellular location of SPL family proteins in Lycium ruthenicum
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Expasy-ProtScale 75 £ 81 73 #r & R My #d SPL
FWRER AR B 6K PR g Ak M 45 SR A e 2 iR,
LeSPL1 f% & {6 M 2.456, 16 113 fii; S K {H K
-3.322,7F 152 fii, LrSPL2 f% & (N 1.767, 1F
192 fi7 ; Fe A A M 3. 989, 78 232 fif, LrSPL3 %)
H>A 1.233, 78 362 i ; f fiK fH M -3. 600, 7£ 226
fii, LrSPLA fix s {H K 2. 244 7% 150 7 ; S KA K
~3.356,7F 244 fvi . LrSPL5 & {t M 1. 789, 7F 23
AL e AR AE J9 —3. 744, 1F 96 fii, LrSPL6 f i N
1. 467 ,7F 243 {ii ; SNl 3. 600, 7F 205 {7, Lr-
SPL7 B 5 fH M 1.667, 16 103 fii; & K 16 K
~3.422,7F 142 i, LrSPL8 #x &= N 1. 678, 1F
186 fif ; Fe AR A5} -3. 356, 78 227 fii, LrSPL9 f )
H>4 3.311, 78 961 i ; f fiK fH M -3. 578, 7 210
i, LiSPL10 fiz i~ 3. 344, 7E 1149 {if ; Je IR (H
Jp-3.544 1F 215 fi7, LiSPL11 f &l M 2. 522,
1 344 7 B AR AH M -4. 067, 1E 193 fii, LiSPLI2
W E N 3. 344, 7€ 991 i ; Fe AR {H Ry -3. 544, ¢
215 fii, LeSPL13 &R 3. 311, 7E 951 £ ; 5 ik
fd & -3.611, 78 223 fi, LSPL14 &% & H N
2.544 1 87 i s S ARME M -3. 544, 78 127 fii, Li-
SPL15 fix & 18 N 2.522, 78 374 oi; e A% K
-4.067,7F 193 fii, LiSPL16 f% &5 {6 M 1. 667, 1F
38 of; B A AE My —3. 422, 7F 77 i, LiSPL17 1
{HR 1.967 ,7E 32 i ; S AR {E M -3. 544, 7E 71 fii,
LrSPL18 fix & 5 4 1.778, 76 92 fii; % K N
~3.633,7E 278 fii, LiSPL19 &% &5 {6 M 2. 122, 7F
242 i ; A K -3. 633, 7E 281, LrSPL20 fi% i
R 1.678, 7 268 i ; & fiK {6 4 -3. 633, £ 176
fi7 . HIETAT WL, 20 4% LeSPL 25 4 & 5L R 41 ¥ 77
T WA Y 5 7K DX s A K X e, 9 B3 K IX 8 &2
FEi KXk, R0 LeSPL R 8 1 ) 0 5% K
EAH,

2.3 ERMWIE SPL RikEAREHFIRT LM

LrSPL 25 [ 5T 90 45 18 700 R0 3 Br 45 21 (3R
3. 3)FW, 20 MERA RS H o B E L5
A TCHR A R AR BE . 7F LeSPL K% 2 H i
o B E A AR 5 11.00% ~ 48. 91% , B-%% £ 43
ki F0.75% ~ 8. 43% , JC L) 4 #h 4> #i o5t
37.23%~ 70. 72%, JE fif &% 53 4 5 6 7.30% ~
18. 21% , FH A FC R 45 1l > o- B T > JE il 4% > B
AR LeSPL R H i 2, 1 17 4>, B i L #il ok

85.00% ;2 4~ LrSPL & [ 9 45 #4 3= 30 R Jo 1 0]
& Hh > JE 5 > - BB IE >B-FE £, L BIJE: 10. 00% 51
A LeSPL 8 I Z R Z5 M RN o- B2 TE > T HLIN 5
il > ZE {55 > 8- ff1 , L] J& 5. 00% ., 1LxSPL 2K 1
SRR E TEARDENZE S, NG
LI MIRC SPL K MG B 8 A R s $e ik 2%

HALHIAL 20 4 LiSPL 8 (H & LR P51 h ¥ &
A 1 4> SBP 45 #4 3; H v LeSPL9 | LiSPLIO | Lr-
SPL12 F1 LeSPL13 i 73 5l & A 1 4> Ank_2 super-
family Z5#43% (&1 4B) , MEME 7£ £ 81445 LiSPL
FIEE A 45 R R, LaSPL B U & 5
AMRESEIERE 230 590 motif 1, motif 2, motif 3, mo-
tif4 1 motif 5, i 4 5 4 motif A LiSPL A 4
A, B4 motif BY LiSPL A 2 4, % 3 4> motif
B LiSPL FEHA 13 1, & 2 4> motif /Y LiSPL % H
A 1A, B LiSPLL7, R & A B3 % motif 1, motif
3 F1 motif 4( & 4C) , HBLHEN , motif 1, motif 3 F1
motif 4 AH L AL ¥ B PR SFPER &, 55 LiSPL K
B B A A I R PR AR — 3
24 ERWIESPL XEEARNRSHNL

T AT T SRR AL SPL KR & H
F RGO &R B H 20 A SPL &, F ol Y
29 4~ SPL &, M5 1Y 13 4> SPL & F A4l 7
916 4~ SPL % 11, 3L 78 4> SPL & (i & R 4 ik
A (E5) o MR 4 FhAE P 19 SPL 5% 2 11 i
R b LR ] A, AR MRS SPL S0 K 51 T 43
8 MG, R A AL b A2 A 3 A [A] U5 5 1R X
TE SPL KGR T R Gk Ak Ry 78 > B Bt
95 1 WK% LeSPL4 500 E Nt59156 3R K &R
i, LeSPL8 5 & il 1010321004 (36 % % & &%
U5 56 % LiSPL7 535 i S1004249164 fY 3
Gk F I, LiSPL16 5 00 7 Nt59145 9 55 4% %
Za ;5 M W K % LeSPL3 | LiSPL6 5 & i
S1004252249 . S1025884439 ) 3F % % % T, Lr-
SPL18 il LrSPL20 5 #l Fj I+ At1G69170 I % &
KA, LiSPL19 5 % i S1004239031 119 5% %%
KF A, LiSPLS 5 B Nt59148 1Y 26 4% KL &
It 5 IV IV % LeSPL10  LrSPL12  LrSPL13 5%
#ili S1004239889 1) 2% 4 X R T, LiSPL9 5 %L
Ni59149 MFEL R R 5 V LK%, LiSPL2 5
i S1004229775 1 3 2 5 F e 3l 5 55 VI &
LiSPL1 540 % Ni59154 Ni159153 WY E 4 LR,
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Fig.2 Hydrophilicity and hydrophobicity of SPL family proteins in Lycium ruthenicum

LiSPL17 5% i S1004243367 (4R R it ;56 VI B4R SMBEMIAD SPL K% E A I 5 &l SPL %Kik
WG LiSPL14 5% Nt59157 YR C R fwi;  HEABURG R R AL, HUUE AL, K H#EN Lr-
VIG5 0% LeSPL11T LiSPL1S 5% i1 S1019070792,  SPL KIEHE I HA S0, 1B 4 X R M E
S1019070794 . S1010323003 F) 3 2 & R T, MR LA H 5T AT i BA AR SO I i A= 22 D e



X BG5BT SPL % R T R 4 8 5 LE IR BB AT 2007

x3 ERWIIESPL REEAR_KLEN

Table 3 Secondary structure of SPL family proteins in Lycium ru-

thenicum
BT a-1RiE B EHEM EfREE
(%) (%) (%) (%)
LiSPLI1 31.46 8.43 42.13 17.98
LrSPL2 19.31 4.48 61.03 15.17
LrSPL3 12.03 3.16 68.24 16.57
LiSPL4 17.33 2.89 64.89 14.89
LrSPLS 16.08 2.57 70.42 10.93
LrSPL6 11.00 5.50 65.29 18.21
LiSPL7 14.64 4.70 70.72 9.94
LrSPL8 14.78 3.46 68.59 13.16
LrSPL9 36.03 4.25 48.00 11.64
LrSPL10 33.93 6.21 44.73 15.14
LrSPL11 28.78 5.34 49.35 16.54
LrSPL12 34.18 4.13 49.80 11.89
LiSPLI3 33.64 4.91 49.49 11.96
LiSPL14 48.91 6.57 37.23 7.30
LrSPL15 32.01 5.24 47.73 15.01
LrSPL16 15.86 5.17 69.66 9.31
LiSPL17 26.32 0.75 60.15 12.78
LrSPL18 22.76 3.32 58.82 15.09
LrSPLI9 24.84 3.97 57.83 13.36
LrSPL20 24.73 3.99 57.45 13.83
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Fig.3 Element distribution of secondary structure of SPL fami-

ly proteins in Lycium ruthenicum
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Fig.4 Amino acid sequence structure analysis of SPL family proteins in Lycium ruthenicum
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Fig.5 Phylogenetic tree of SPL family proteins in Lycium ruthenicum, Solanum lycopersicum , Nicotiana tabacum and Arabidopsis thaliana
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