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Abstract: Objective Based on the transcriptome sequencing results of Lycium barbarum under different concentrations of NaCl
stress, the bHLH transcription factor family members of Lycium barbarum were identified by bioinformatics method. Methods The
bHLH family genes were screened by transcriptome sequencing of leaf and root samples of Lycium ruthenicum Murr. under NaCl
stress. Results The physicochemical properties, conserved domain, gene structure, cell location and phylogenetic development of
these genes were analyzed by bioinformatics method. The results showed there were 89 bHLH family of Lycium ruthenicum. under
NaCl stress. Their physicochemical properties were different, of which 71.90% proteins were weakly acidic and they were hydrophilic
protein. The bHLH family of Lycium ruthenicum contained two conserved domains, which were located in the alkaline amino acid
region of N and the helical ring and spiral region of C, respectively. The subcellular localization prediction of these bHLHs were mainly
in the nucleus and extracellular. Phylogenetic analysis showed that 89 bHLH genes were divided into 20 subgroups, among which the 3
subgroup contained the most abundant bHLH members, including 11 bHLH proteins; the 7, 11, 13, 22 subgroups had only 1
member, respectively. In the other subgroups, the range was between 2 and 8. Conclusion There are 89 members of bHLH
transcription factor family in Lycium barbarum under NaCl stress, and most of the bHLH family proteins are weakly acidic, belonging
to hydrophilic proteins, which can be divided into 20 subgroups.
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bHLH Cbasic/helix-loop-helix) F2& & Wi 14 -12 itg -
IN-WETREE M I AT AR I — 2R A/ AR
L B T, bHLH 25K s R,
RLEE 60 MAERE, —MH 2 MEDhRE E7EeA
[, BB DX S RIE - 3-8 e 46 e 1A 4
e N-3ii A& St B R B E X I, 1E9 DNA
LEEBIARNE R, Tt A -4 R, bHLH #45%
Rl F1E R S A R i A AE , S 5IREEIAAE
KRB, FoESR A R &R
ZAFAEAHERE . B ATTEREY) bHLH 3 581 5Kk
PR BERTH RS AR ThReIirss
T A RE T, (EAFPIF bHLH 551
IR R A FERI 5 BT Rt TR A,
DR AT 6 B S AR A DHLLH 5% 5% IR 1S e st A7 e
7L, PAFEE bHLH HF7E %k

B M Lycium ruthenicum Murr. 9 i &
(Solanceae) HiIAC )& Lycium L. Z4EARER, FE/ 4
Trpr [ AL X R 52 P, AT KK
FEERRIHE SRALVD S P Eh B b TR BRI EA B,
e ORI B N iR, R R EE
B EFME R RO B M B IR SR AT
WiPE, HARBEMESE, RImHAELRSCEA, A
I IIGTRRTRATT R M, | pi o BRI
U MERE S A e A E AT M, AT
T TR . TP T g2 1
TR B RIMYB 355 R 7358 Rk
171 wbE APE B AR E R [F]— A
A28 B AR SR a2 T 2 R RIS T 108, 4R
KW LIMYBIRL ({71552 EhHa i, 44T
I RES 5 BRI T =D A IR 7L K
B, BEFE NaCl (250 mmol/L) e i E] ) REK:, LrAN1L
[Pk g 2R G TR RS, HEMZIL R AT REA
EhpE e SR . A IR T AN NaCl e
RO SR P25 R, FIRAYE B0 R
FAIRC bHLH FEs R S0 i g A T 5858, 0 H3EAL
PR, EEESEH. BRZERRIES. B EET S
Bty B AR AT BRI MR R M T i R A
RIS EAKIE .
1 MRS NEE
1.1 #H

DAASSIHG 2 R AT (1) A SR A AC 2 B WM B SE2
APRET 2013 4k H HIN A K0S K PR AR R
R RS Al SiG s, s B R R U IR R

FHEARM R BRMAD B H R RO R AR B 90 7
MR E, BE AP RER AR A AT & 1) HR
FHIF Lycium ruthenicum Murr..
1.2 WFIRILEE

RNA $2HF £ mirVana™ miRNA 1SOlation
Kit (Ambion-1561); %15, Jo/KZEE. DEPC. &
i FRRAEHARGGHIE B EigmiE A . ST168 Y
AUFEEOHL (Thermo AF]DD; BEREUE R SE: Tanon
25005 4Nt ieETt: NanoDrop 2000 (Thermo
Ad]); PCRAY: Bio-rad (MyCyler A@]); ZFhip
k. B0 (Eppendorf A%,
2 FHE
2.1 NaCl 438

2018 £ 10 H, MEHUERKAH: . KRR
AL AHER T, JFackEE 5d fE, BHEIIEESES
AN[E R E NaCl ] 1/2 Hoagland & ## i ¥k & (X
£ 10 cm. 1= 10 cm, AEASLEE) HATHREH
EhiE AL B, AN 1 P, 3 IRE 5 . 1/2 Hoagland
EFRMHIIE NaCl N 0 (CK). 50, 250
mmol/L. FRACEE D HIERE 0. 1. 12 h B HUR
it (S % 0.1 g T3 s A AL R 3Rk 1
34
2.2 2 RNA BYHRER. SCEEMERE RN FF

A mirVana™ miRNA ISOlation Kit (Ambion-
1561) 1) G He HORH 44, J SR A AT i AR AR 7 A
RNA. fff Nanodrop 2000 £l RNA Jiii & , Agilent2100
Bioanalyzer #&l] RNA 4liJE . W4l B Fk fE 77 A 2
K RNA FE ik e 5 A2 P 2 BHE PR 2 7
HEAT B S I T
2.3 EPMETERMIT bHLH KixEETHIER
B R

TR AN F s, /£ NR. KOG A
Swiss-Prot3 M #E FE ATV RE, WP IERER] 252 4
bHLH %5 DH AR [A, Rax SeBE R bl 2 1 18
AN#E{T NCBI Blast I SMART Chttp://smart.embl-
heidelberg.de/> Tilll, 2k #EEFH KIURFEFA
G, BAASE] 89 NMEA bHLH Hesg K1 IR 451
WIMEETY . FAELHA Protparam Chttps://web.
expasy.org/protparam/) X} bHLH Zfd & 2 BE R K
NG AERE T B R AN A L R AR AT TN, AR
At ProtComp9.0 Chttp://linux1.Softberry.com) X
bHLH % 5% PR 5 i DR A7 48 s A Tl 3@
iF ORF Finder 7££k T H Chttp://www.ncbi.nlm.nih.
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gov/projects/gorf/) FMI bHLH B 5 FF s 15 1S AE
(ORF) FF¥1,
24 ELETERMIC bHLH RixEEEFRIL
T

A bHLH 5 K1 SR BE R Rk /K3 F
iR FPKM J7 ik, RSB 0K (b FE4 FPKM —
XL FPKMD /5 R 41 FPKM =0.5 ) Ungene & X
N EAE, AEEA FPKM/XTRZL FPKM<0.5 (1)
Ungene J€ XN AL, ¥ (bFEH FPKM — X i
2 FPKM) [XFHEZH FPKM<<0.5, HALHEZH FPKM/
Xt FEZH FPKM>>0.5 ] Ungene € XA RIEE R AL
Z R EN,
25 EMBTERMIE bHLH RigEEHIRTFIH
ST

JH IR 28 B WebLogo3 Chttp://weblogo.three-
plusone.com/) #47 bHLH {57 S5 F 3 457 2 2 L R
RSP, IFZi R ST S5 R4 Logos M AEZ K
£ MEME Chttp://meme.sdsc. edu/meme/ meme-intro.
html) X 22 L HIFC bHLH & [ £/ 55 35k 45 14 oo 14
(motif) AT 537
26 HEPMETERMIE bHLH XKixEEFFITEE
SE i A

Jeffif Clustal X 275 A ER ML & AT

FIEAT 5t EE, FEAIH Mega7 Chttp://www.megaso
ftware.net/ history.php), & H /7413 AH mega7 #&
14, 3% F B RAUBR 7% ML, Piosson model, bootstrap
1000, #EATHEAL M. S NWK LR EE 5L, H)
FAAELL 8 (https://itol.embl.de/) fidkfb &5 #g1,
MR AR 54, K43 Subfamily .

3 H#HR55H

3.1 NaCl B T ERMIT bHLH #ERE FEE ik

ARAE SR T SRR AC L S P EdE 72 NR.
KOG Al Swiss-Prot 3 /M ## i AT RE, WD HERE
F| 252 A~ bHLH #4355 K 7 AH £ 5] F1| | NCBI Blast
AT SMART 35 %X 252 /N3 [R5 W 2K 1 5 3k AT
T, BRETURMER IR, 54&HE B RMEAE
ERIIE T, bHLH 3% 5% N 7 SO AH G B R 34 89 4,
fir4 4 LibHLHO1~LrbHLH89 (% 1). M RNA J¥
FI PR HC B EE P F1 AR 2 Y A1 R 2 1 B30
H, ARYEAL LG D 7R 13500 R, HITH 29
Y% EARFIIRAEKFY, B 29 AN EA 5T
ORF.

R 1 araEH, BT bHLH #5155k
REREFAEA IR H /£ 59 (LrbHLH83) ~624
(LrbHLH35), @it Expasy Tl AN /15 & A/
AF 6592.58 (LrbHLH83) ~69 470.17 (LrbHLH35),

#*1 ERMIE bHLH #%RETHIEL MR
Table 1 The physicochemical properties ofbHLHtranscription factors in L. ruthenicum

W% 5 BER MRS FRE  ERThas  TAREN AR K E
LrbHLH1 424 46782.27 6.20 extracellular Ca020H3185N5720652S22 -0.571
LrbHLH2 607 67 275.90 6.89 nuclear CogzoHas0Ness0011S04 -0.538
LrbHLH3 233 25953.26 6.09 nuclear CuizsH1765N3240356511 -0.609
LrbHLH4 464 51583.36 6.36 nuclear CooerHa11N5310705515 -0.473
LI’bHLH5 521 58 42708 613 nucleal' C2559H4055N721O798323 _0350
LrbHLH6 200 2261281 6.79 extracellular CogsH1600N283030855 -0.460
LrbHLH7 248 2839556 8.92 nuclear CuopHa037N34503357 -0.471
LrbHLHS8 246 28 144.82 8.61 nuclear CuoosH1979N3660386510 -0.608
LrbHLH9 279 29941.18 5.54 nuclear Ci281H2048N3800430S9 -0.600
LrbHLH10 240 27 287.07 5.55 extracellular Ci159H1835N 3390390512 -0.923
LrbHLH11 21 26301.78 5.34 nuclear Ci148H1816N3240356515 -0.854
LrbHLH12 252 2849858 7.02 nuclear CuoaaHa0s3Nz730200511 -0.788
LI’bHLH13 171 19 62030 595 nucleal' C1234H2083N373O400311 _0788
LrbHLH14 353 3974177 5.09 extracellular Ci707H2664N 4900576515 -0.873
LrbHLH15 309 3492535 472 nuclear CisaiHausNa120s04S15 -0.487
LrbHLH16 335 3743212 6.20 nuclear CisorHaseiNag7Os30515 -0.962
LrbHLH17 314 35891.68 7.61 nuclear Cis63H2293Na51046516 -0.564
LrbHLH18 206 22887.04 8.36 nuclear CioogH1611N2850308S7 -0.270
LrbHLH19 294 33280.86 6.39 nuclear CrasH301NagsO 110514 -0.348
LrbHLH20 510 56 349.63 6.49 nuclear CoutzHaosN716070452 -0.832
LrbHLH21 342 37752.03 6.10 extracellular Ci634H2585N 4580543513 -0.671
LI’bHLH22 281 31 93657 541 nucleal' C1374H2171N3370459315 _0733
LrbHLH23 450 50 349.60 5.74 nuclear CoiesHaseoNs300716516 -0.806
LrbHLH24 261 28915.08 8.12 nuclear Cuo3sH2030N36:0305520 -0.411
LrbHLH25 328 37014.47 452 nuclear Ci11H2507N4270533S19 -0.504
LrbHLH26 286 32308.27 8.69 nuclear Cra0aH2204N1040451S14 -0.785
LrbHLH27 255 28150.92 6.46 nuclear Cuo23H1989N35503865 -0.336
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LrbHLH28 512 58 321.30 8.35 extracellular Cy529H3064N7380502S77 -0.762
LrbHLH30 299 33038.70 6.55 extracellular CuaoHz26oNi220471511 -0.774
LrbHLH31 326 35854.00 7.16 extracellular C1551H0466N 56050210 -0.623
LI’bHLH32 272 30 03754 778 nuclear W|th C1284H2030N3820423310 _0804
LrbHLH34 366 40570.14 6.09 nuclear CirspHz779N511057451 -0.718
LrbHLH35 237 26 868.19 8.62 nuclear Ci163H1870N350036657 -0.808
LrbHLH36 293 30159.40 6.66 nuclear Ci59H2054N 3080434514 -0.459
LrbHLH37 316 33674.49 5.89 nuclear CuuotHzsiNi2gOugrSis -0.503
LrbHLH38 609 69 041.87 8.69 extracellular Caor0Has13Na90a0652 -0.365
LI’bHLH39 233 27 16982 1.74 nuclear C1193H1331N3370355312 _0770
LrbHLH40 330 38210.67 7.20 extracellular Cig52H2616N 1830530513 -0.767
LrbHLH41 234 26 764.34 6.31 extracellular Cu170H1850N3220366514 -0.615
LrbHLH42 459 51122.83 6.87 nuclear CoiaoH347aNs520720520 -0.806
LrbHLH43 102 11747.62 10.74 nuclear CsoHesoN 158014653 -0.752
LrbHLH44 584 64 879.28 8.23 extracellular Cog6H1490N5140584S 7 -0.475
LrbHLH45 141 15949.22 9.69 nuclear CroaH112N20301155 -0.585
LrbHLH46 213 23810.65 6.23 nuclear CiooH155eN51030455 -0572
LrbHLH47 274 3125447 6.76 nuclear Ci381H2185N3690430S12 -0.521
LrbHLH48 263 29317.83 5.48 extracellular Cogo6H 4490514058457 -0.475
LrbHLH49 443 48 968.50 6.23 extracellular CoratHauzNsoiOersSis -0.379
LrbHLH50 233 26157.71 8.93 nuclear Ci1asH1852N32603615 -0.539
LrbHLH51 346 38983.88 5.16 nuclear Ci709H2688N 640546516 -0.488
LrbHLH52 487 54 219.44 5.85 nuclear Cy303H3770N6520740S91 -0.398
LrbHLH53 325 3586251 551 extracellular CisaoHau13Ns3g0s3S15 -0.814
LrbHLH54 230 26023.26 9.26 nuclear Cu1asH1526N326035655 -0.481
LI’bHLH55 429 48 38826 598 nuclear C2118H3326N5960671816 _0479
LrbHLH56 429 48 388.26 5.98 nuclear Cy118H3326N5060671516 -0.479
LrbHLH57 238 26 222.67 6.54 nuclear Ci1aeH183N3550367510 -0.326
LrbHLH58 301 34179.28 6.03 nuclear CursH330N 370471514 -0.823
LrbHLH59 391 44 051.07 6.77 nuclear C1931H3087N5290608519 -0.430
LrbHLH60 231 25 485.69 724 nuclear Cr102H1779N350353S5 -0.756
LrbHLH61 252 28537.81 5.02 nuclear CiozsH1978N34604165 -0.694
LrbHLH62 187 21114.90 6.55 extracellular Co1H1473N26302915% -0.509
LrbHLH63 312 25 621.62 6.07 nuclear Cis51H426N 56049259 -0.700
LrbHLH64 251 28768.93 8.91 extracellular Ci237H2068N3680395511 -0.758
LrbHLH65 246 27016.77 6.02 nuclear CssH129N351 035557 -0.871
LrbHLH66 365 40010.90 8.88 nuclear Cir7H746N5160551S15 -0.623
LI’bHLH67 348 39 26985 559 nuclear C1693H2702N4960553313 _0711
LrbHLH68 86 9742.00 7.94 nuclear CuosHe7N131013853 -0.556
LrbHLH69 487 52977.03 557 nuclear ComeHas0aNsee0750525 -0.734
LrbHLH70 293 3366354 8.89 nuclear CuatH3soNi2100isSt6 ~0.454
LI’bHLH71 322 36 70312 573 nuclear C1600H2502N4480511816 _0645
LrbHLH72 309 35127.38 6.09 nuclear Cisp7H2380N 430485513 -0.535
LrbHLH73 323 36 867.02 9.11 nuclear CisooHas07NaesOs00S15 -0.440
LrbHLH74 268 30180.01 495 extracellular CisooH008N3600433515 -0.500
LI’bHLH75 297 33 17521 538 nuclear C1433H2310N4080473311 _0605
LrbHLH76 174 18 256.67 5.38 nuclear CresH1272N 2280261513 -0.252
LrbHLH77 437 48763.76 554 extracellular Caog7H309N5110604S16 -0.625
LrbHLH78 m 30809.50 852 extracellular CiszaHa17Na0s047Ss -0.846
LrbHLH79 258 28 269.47 6.67 nuclear Ci215H1026N3660393510 -0.736
LrbHLH80 59 6592.58 10.58 nuclear Cpg3Hag7Ng70g4 -0.942
LrbHLH81 255 28968.17 8.67 nuclear CipesHaossN3730201515 -0.587
LrbHLH82 587 67104.18 723 extracellular Cpg18H 5508410920530 -0.672
LrbHLH83 240 27196.76 9.63 nuclear Ci170H1859N3440360517 -0.681
LrbHLH84 257 28479.73 6.97 nuclear CuzoH1960N3500a13511 -0.780
LrbHLH85 417 47619.70 498 extracellular Co1zeH3319N510611S56 -0.138
LrbHLH86 272 31072.64 457 extracellular Ci350H2102N3600440S16 -0.700
LrbHLH87 390 43335.11 8.64 nuclear Ciau8H2057N5550617516 -0.882
LrbHLH88 am 45079.31 7.64 nuclear CioatHa09:N573063516 -0.777
LI’bHLH89 317 35 77065 672 nuclear C1559H2490N43004g4319 _0420
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g 5 H S T 452 (LrbHLH26 ) ~ 10.74
(LrbHLH46) . LA | 2 Ak 14 57 43 # 2 B B8 SR M A
bHLH %% 5% IR 5K ik B 51 2 8] R 1% 22 S 0K
7T1L90%ME ASEHE /N T 7, BB EAFR
IKEESS TR B, 89 2% i mi K PE T S5 35 R L
B, FRIEEM bHLH KRE A B THRKEA.
F R 7E 2 34 ProtComp9.0 i 2B B MIAT bHLH %% 5%
DAL~ S e Jik DR 3R AT V.48 PR s A Foany, - ot 8 SR B
UM bHLH FEE AL T 4% (nuclear) Al
4H sk Cextracellular).

i Unigene [EY8FFIERE (B 1) mr%n,
Fil N 2B BRI AC 4% S 2 A 89 N bHLH S %L K Unigene
7 Nr RS T 10 MoFhd, Hb55%E
Solanum tuberosum J¥HIH{FRER 2, N 27%, R
/D)2 B A AR EE Nicotiana attenuata, A 4%.
3.2 NaCl B8 FERMIC bHLH #HREFERFR
IEEE

FHE 2 Al 5, BRARAACH LrbHLH 5% Rl 74

6% 4%

e
= JH %L

B

ligrdz it 7%
- T =
§ E .
. RS 8%
= R AR
" AL 9% ¢
" AR 9% 11%

1 bHLH ZRi&#ERE Unigenes 7 NR EEHAb;E 1R
Fig. 1 bHLHfamily Unigenes distribution in NR
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sUT
DR R
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151

ZE SR E
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L50-1  L250-1 L50-12 L250-12

RIEAN A EE NaCl i 1 h J5, FiRSERECRT B
WERRS, hid 12h )5, EREREOCT FEER
o HEEMIFCH LrbHLH %R 1 3 REAS A ik
NaCl FIA [l [ AR BT, T 1 RO T B3k A
$r. % 2 ATE EAFERE NaCl FUAS [F] B A AL LT,
M L7 e RIA R 6 AN, Hrpdt BSR4 4,
HRIAIER 2 4. BAEMCHR LroHLH 5% b 7 2
HTEAFRE NaCl FUASFEIR AR T, i A
IR T TR E, IR RIAER 54, H
Hat BIRJEER 3 AN, RN UREER 2 4.

PRSI R IEBRAL s Ah, A X I AN [F) 4
BRI A (B 3). bHLH 53t 7 65
AN FERR, B8 N Sk X R C o 2 A
[ HLH ZhREX . N a2 SRR X 10 M A R
BERHA R, 5 DNA 455H K bHLH {R 57 5 R
KB4 A 53 TE B M R R X & R SE
H4-E8-R9 J¥%1] (His4-Glus-Arg9), It [XIH 5 DNA
SEOA K. TEER 1L AR 12 A7 EREEIR (Arg) R
SPPEA 100%. B IRHIAC HLH XA T C o, K2H
RNEKPEE LR, MR T B E- PR -IR eSS M . HLH
%522, 50 F1 60 iz )5e 2R (Lew) LA 26 A7 L4
AR (VabD) YIEE RS, XELRSF FIAL s T —
AR K bHLH RAFHABThRe 17> EEL, s, 27 47
MR (Pro). 31 MR (Lys) BAEE
PIERSTIE . 25 R AR WIZERE DNA 458 X ISURITE
PSR BN R SRR A SO i b R S B R ik B IR T
PEHR A

bHLH %5 Rl 7 5k 7 BA bHLH fR5F 4514

b
30
25| ok mFif
= 20t
W 15f
i
@ 10t
sl

R50-1 R250-1 R50-12 R250-12

R50-1-50 mmol-L'NaCl ZbEiF 1 h FilUiiéfE L50-1-50 mmol-L™* NaCl 4B F 1 h B+ R250-1-250 mmol-L™* NaCl Z4bEEF 1 h Friviire
L250-1-250 mmol-L *NaCl Z4#F 1 h FiiftH+ R50-12-50 mmol-L™" NaCl 2R 12 h FrHtiiee L50-12-50 mmol-L'NaCl 48 12 h FiHiurHf
R250-12-250 mmol-L 'NaCl 42T 12 h FiitiiitE  1250-12-250 mmol-L"NaCl 43 12 h i+

R50-1-50 mmol-L*of NaCl treatment 1 hour root sample L50-1-50 mmol-L“of NaCl treatment 1 hour leaf sample R250-1-250 mmol-L*NaCl
treatment 1 hour root sample L250-1-250 mmol-L*NaCl reatment 1 hour leaf sample R50-12-50 mmol-L*NaCl treatment 12 hours root sample

L50-12-50 mmol-L™L NaCl treatment 12 hours leaf sample
mmol-L NaCl treatment 12 hours leaf sample

R250-12-250 mmol-L™*NaCl treatment 12 hours root sample

L250-12-250

2 NaCl B TERMEH (a) #4R (b) LrbHLH BZREFERFRIEAEEH
Fig. 2 Different expressions gene number of L. ruthenicum leaf (a) and root (b) under NaCl stress
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#* 2 NaCl B8 TERMCHFIR LrbHLH $#REFHEH
ERFTILEE

Table 2 Co-expression different gene of leaf and root of
LrbHLH under NaCl stress

ISR IR ZE R IR A O | AR RIA 2 RN T
LrbHLH78 i LroHLH79 i
LroHLH71 i LroHLH34 i
LroHLH26 i LroHLH27 i
LrbHLH69 i LrbHLH14 T
LrbHLH39 TH LrbHLH46 T
LrbHLH55 TR

3.3 NaCl g
55
TELERST B R ~FPE T T, B LOOP X % A AH
WAk, g A SRR MRS, B MEME
SUITE 7E4k T. B 73 #1453 21 F& SR A AC bHLH 35k K+
%Tﬂfﬁﬁaﬁ 3 FhRsr ot (B 4). Motif 1 A1 Motif
ST BIAMIAT bHLH H E 5T R 57 25 4 3 AR R AR DR T
%r% A 82 A bHLH s A7 [Fit &4 Motif 1 F1
Motif 2, HIUTR . 751 LibHLH16. 68. 76,
A Motif 2; LrbHLH47. 80, A& Motif 1. R
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