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Abstract: Adverse environmental conditions have detrimental impact on plant growth and development, and can cause
protein denaturation or misfolding. As one of molecular chaperones, the binding protein ( BiP) plays an important protective
effect by alleviating endoplasmic reticulum (ER) stress induced by misfolded proteins. Switchgrass ( Panicum virgatum 1..) is a
kind of perennial C4 plant of grass family originated from North America, it has been studied and utilized as one of the energy

crops in recent years due to the characteristics of high biomass yield and strong adaptability. To identify BiP genes of switchgrass

and their expression and function in adverse environment,

e EI 3. 2021-12-16 local BLAST of switchgrass genomic data was carried out,

EeWA: HEARFPEE I LWH (31372359) ; ILAEHFIT
1 175 H (19KB180015)

EEBN K WI(1978-) , 5 VAR L, fl 8z, TENFH
PIER IS A A PR B R BOTFSY, (E-mail) songgang @ HDEL, four BiP genes named PvBiPla, PvBiPlb, PvBiP2

jsafc.edu.cn and PvBiP3 were identified from the genome of switchgrass,

BEIRAEE PR, (Tel) 025-84395187 ; ( E-mail ) gscai@ njau.edu.cn which located on chromosome 1 and 5, respectively. Results

combined with screening conditions with characteristics of

BiP conserved domain and ER retention signal sequence
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of multi-species sequence analysis and evolutionary analysis showed that, PvBiPs had the typical functional domain of BiP,

PvBiPla and PvBiP1b clustered into a clade, and clustered into a category with rice OsBiP1, both PvBiPla and PvBiP1b con-

tained seven introns. PvBiP2 and PvBiP3 clustered into another clade, and neither of them had intron. Analysis results of up-

stream 2 kb promoter sequences showed that, the PvBiPs mainly consisted of cis-elements of stress defense and hormone response.

Expressions of PvBiPs were induced by ER stress inducer dithiothreitol and were up-regulated under NaCl, polyethylene glycol ,
ABA and CdCl, stresses. Among them, PvBiP2 had the highest peak value of relative expression level. PuBiPla, PvBiP2 and

PuBiP3 were then cloned into pGAD426 vector and the vector was used to transform yeast to verify the tolerance under CdCl,,

NaCl and mannitol stresses. The results showed that, PvBiPs were tolerant to Cd stress and salt stress, but were not tolerant to

mannitol stress. The results of this study can provide theoretical base for further exploring of the function of BiP gene in switch-

grass and improvement of tolerance to adverse situation (especially under Cd stress) of switchgrass.
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Y IR I K 575 Y - s ) A SR DRt 4R T
IR 4R Cd T 32 Pk BAR U N B2, A
BiP FEINAEAHA i R UPR 336355 407 F B £k
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FRAERRAE K 2 5 sk R IETH 0.1 mmol/LIK
VAR (ABA) I 15. 0 mmol/ LB FF A ( DTT) Mt it
AbBE DI IEH A KA R A X IR ZE B AL BRSSO b3
h.6 h 12 h i1 24 h S} HEREEM R OHEGh . X4
435 200 mmol/L NaCl 200 g¢/LEZ — B (PEG) |
50 pmo/L CACL /KW 5% , dbAT#h e T 2%
a4 R Cd Wi b3 b FS/EO h 1 h 3 h,
6 h 12 h 124 h 6 ANIHE]GEHEAT SRR B
i 2R R VR IS A7 T80 C T RNA 23, A
IR AL PR E 3 DY EE M 2 DR
2,

1.2 B Eak IR

52 Hf ¢ 6 & | PCR i ] & Roche SYBR
GREEN Master( ROX) 4 H % X ( Roche ) 23 7], T4 %
Felt | BRI PE N DIEE A B NEB 23 W) AR 9 5 R 21
DNA $2 a7 & A Il (R ) AWK A R
23 H) L FEY) RNA $REGR & FOR R BT & PCR
P IR & BUIEWEBEIRE DNA [ st £ 45
H OMEGA 23], HAtu A 7350 S #E#M 52— W A e
SRS A PR A A

N FF B Bk DHSac, 9% B B BR YCF1,G19,
HOG1 L K AT T34k pEND-linker FIE 1 26 ik 244
pGADA26 1 H1 R 5t ARl R 27 Rl 27 B e B A B A
PS5 2 15
1.3 EYEEREST

MR 275 ik PR 20 5080 T 280 1 AR ) e PR 4 IR0 s
Phytozome ( http ://phytozome. jgi. doe. gov/ , Panicum
Virgatum_516_ V5.1) , N3 E E KA Y ARG Eh
Ly (NCBI) M3k (https ://www. ncbi. nlm. nih. gov/ ) £
R BiP I T #UFS 8 T 8P 5 SR E A
JEUFPSIEAT A BLAST HEXS Hexd b 4 Fe 37 3 s
CDD( Conserved Domain Database ) £ & J& ( https ://
www.nchbi. nlm. nih. gov/cdd ) ¥ & & 7 E A5 GPR78/
BiP/KAR2 f& <y 45 # $ ( KOG % #5 & 4 5
KOG0100) ), 45 U 4y BiP M6 51, P A 5 162
W C e & A ER 4 {5 5 4 “ HDEL”
Wi BiP, i FH 7E £k T. 2. PROTPARAM ( http://
web. expasy.org/protparam/ ) Tl 537 BiP & [ )5t 4w
T IERR PP RN AHXS 437 Bk | A5 H s R B TR
FRIL K PE . WOLF PSORT (https : //www.gen-
script.com/ wolf-psort. html ) T Il 2 [ 52 7. 24 fifd 5 £
H SignalP5.0 ( http ://www. cbs. dtu. dk/services/Sig-

nalP/ ) TN 26 1 B4 5 IR L, 22 77 91 e X2k
MEGA 7.0 521, if i MEGA 7.0 ¥ Z W) fh R0k
B M ( Neighbor-joining method , bootstrap=1 000) , fii
JH MEME ( http : //meme. nber. net/meme/ ) /] 3l 48 5
PvBiPs MRS LT (motif ) , motif [ KA H 2
10 4>, motif K N6~ 100 2 IERR , HoA S HUER A
BE . MM R 2 VRSO PR B BiP BEIA
FIERE B, A Gene Structure Display Server ( GS-
DS) M3k (http :// gsds. cbi. pku. edu. cn/ ) 531 3 K (Y
MR- T4, $RE PuBiPs 11iF 2 kb 3 3 F
%), {8 PlantCARE v1.0 (http:// bioinformatics.
psb. ugent. be/webtools/ plantcare/html/ ) ¥% 4ii % 3£ 17
A el o i o
1.4 #E#WEFEZH DNA 15 RNA 2B, cDNA &
E5XMRAEEE PCR

B E B B A H 2L 0.1 g, A HE I 20
DNA $2 GG & [Pl (R AR E AR R A F
77  SE I gDNA - IRHIEC R 41 i KA 100 mg JF:
P EE %, 6] OMEGA E.Z.N.A.® plant RNA
Kit J2EHUEYIE RNA, L2 pg & RNA it ,
RNA S S5 & S 51 45 1 eDNA

RIS Wi i1 T H (http . //www. genscript.
com/tools. html#biology ) Wit #4519, 51 91 ¥ 51 I
£ 1, NS W PoFTSHA™ BIMhATAY T
(B A RAFE L, qRT-PCR RVAK A
2xSYBR Green 1 Master 10.0 pl, ¢cDNA 2.5 pl,
Genen specific primersf( F/R) 2.5 pl, %00 ddH,0 &
20.0 wl, JWFEAF:95 °C 10 min,95 °C 15 5,60 °C
20 s, A5 SR, 40 NEER, IR TE Applied
Biosystems 7500 real-time PCR system ( Applied Bio-
systems, Foster City, CA,USA) [ #17, B 0B %
B3 UM A T RN 2 IREOR EE R R
AL AN ik
1.5 #4388 PvBiP B B RIERE S
o

4 PoBiP %5 45 % )7 51 ( Coding sequence,
CDS) ,IHERTIM(FR 1), Lh gDNA AR, il
Q5 i & L DNA A MR 39 4045 H M KL A B,
PCR WK % : Q5 Reaction buffer 10.0 pl Q5 GC
Enhancer 10. 0 pl,dNTPMix 4.0 pl,Template gDNA
4.0 Wl .F + R (2.5 pl +2.5 pl) . Q5 high-fidelity
DNA polymerase 0.5 pl, %1 ddH,0 2 50.0 pl , J2
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PR N . 98 °C HiZAZ M 3 min;98 °C 7281 30 5,63 °C
Bk 105,72 CHEM 1 min, 30 MEFF;72 CEH 5
min, 10 °C,10 min, A E.Z.N.A Gel Extraction Kit-
Spin 128 51 & W™= ¥ F XU DD IS 09 AT 484
pEND-linker 5 PoBiP H N F Beie 4%, ¥ (b K
FFRERZ S AN DHS o, PR HRBH M 52 B ET T PCR A&
W, BEHCE HAR S R/ — 00 B B HRUTRE , 2%
RV E YR A IR A R

IO - 245 SR T A 1% BE I B SR, RIS o
PWIYIRE Pou T SEATERPEALAL R, ¥ H 0 R B S Rk
AR pGADA26 HE4T LR B4 [N, %5 Ak K i 1 Ik
22 DHSoc, PRICPHPE 5E R | AR 418 2804 /N i3 ik
F1 AKiWFFA3MES

Table 1 Primer sequences for experiment

PCR K& (4175 B, s o 4L S o7 75 3 1E A ) 2 ik 2R
PRI B2 IBCBH 1 v R B R, i A R BOURE B B TR AR
G19 . Cd UK 1 B Bk YCF1 A5 UK 8% 8 1 ik
AHOG1 JB& 37 75 4 i IF I A 2 35 24K pGAD426-
PuBiP JFRLF pGADA26-GUS Xt B kL E 17 18 £ 7
k. BHEALIS S PuBiPla PvBiP2 1 PuBiP3 %
B — BRI R b R R B2 A W
(ODgy, = 1) SR H FHIC KK B W% 10 1% 100 £%
FIT 0004 BERRG RS, 43 T EL S ol B VAR kR A U
FEXF JERIAL #ESF-Al - 15 5%, W 3 4 3843 9] 4 T 300
mmol/L NaCl, 0.5 mol/L H # I Fl 100 wmol/L
CdCl,, 5~6 d Ja WML RAIFRER

251 FEH 1D SIHF5(5'—3")
WS HEH PuFTSH4_qper F:TGGATGGCTTTAAGCAGAATGA
R:CAAAACGCCCAGGTCTGACT
PuBiPs JEA4: Wi Fe 3k 1A PuBiPla_qper F:TGGAAAGCTGAGGAGGGAAG

PvBiP1b_qper

PvBiP2_qper

PuBiP3_qper

PuBiP 3£ A i PuBiP2_CDS

PuBiP3_CDS

PvBiPla_CDS

R:GTTGTTCAGCTCCTCGAACC
F:ACAACGGTGTGTTTGAGGTG
R:CCCTCCTCAGCTTTCCAAGA
F:AAGATCACCATCACCAGCGA
R:CGTACGTCTCCAGCTTGTTG
F:ACGTCTACCAGGTCAAGAGC
R:TCCTTGTCAGCATCCGAGTT
F:ATGGCGATGCTGGCTCGCG
R:AAGCTCATCATGATCATCCTC
F:ATGGCGCTGCTAGCTCGCGTGT
R:AAGCTCATCATGATCATCCTCTTCTT
F:ATGGATCGGGTTCGCGGATCCG
R:CAGCTCATCATGGTCGTCATCAAC

2 RS0

2.1 WK 8 PvBiP EEHETE

7E NCBI Pl 45 22 91 T 408 23 AR P
(CHAE BAREIT JKFE Bk RS AW e
BiP 25 (T3, 5 WA AR S 25 e DA A B3040 1647 A |l
BLAST LUX ik 5 5145 246 S AR R B 1 55 5%
A4 “KOGO100” Z5F 3 A “ HDEL” 2 4™ i 12 4%
Pk L0 4 A BiP FEA 43 B TR R 3 PR 4

chrO1K ,chrOIN  chrO5K ,chrO5N YL i fhk | 25 f i B
A5 BB A1 B A S B L3R 2. T Pavir.
1KG020800.1 #l Pavir. ING010600.1 44 1 i F 51 |
AL BHE 4 —3, CDS L A MU 2R I &
114 945 44 4 PuBiPla 1 PuBiPIb, 4y H4E Pavir.
5KG300400.1 5 Pavir.5NG387200.2 iy 4 A PuBiP2
1 PuBiP3 , VA0 0 TN 25 5 B, 4 AR
FENTE ER, T % 15 5 BK ( Signal peptide, SP) 4351 H
23 A4~ 25 4~ 23 AN 27 AN EFEFR IR LA
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Table 2 Characteristics and subcellular localization information of BiP genes identified in switchgrass

EAR 55 R
FEHH 1D HEEZAR QafkE (5'—3) 4/ Mo & FRARHLEL
KJ¥ (aa) *ﬂﬁg e [iiviges (™)
TR (PI)
Pavir. IKG020800. 1 PuBiPla  Chl1K:2101289~2105333 665 73 400 5.11 -0.485 23
Pavir. ING010600. 1 PuBiPIb  ChIN.1172132~1176358 665 73 400 5.11 -0.485 25
Pavir.5KG300400. 1 PuBiP2  ChSK.54167853~ 54170070 665 73 080 5.18 -0.397 23
Pavir.5NG387200.2 PuBiP3  Ch5N.54033788 ~ 54035621 667 73 150 5.05 -0.377 27
2.2 W% PvBiP EEKEYEBF5H FEARSERES AT motif 2 N %, Ky B-WERR L LS &3
AR e Mkt okE A AEIX., Domain 2 JFFIXIN motif 4 N iy, A y-BEFRILES
I\

Y JHE AR BiPs 5 PvBiPs R R KR E
AR (1), SR &R, PvBiPla F1 PyBiP1b
RAH—A33, X5 2 TR G548 7] 1) 2 5L 7
SIAMI G . JiAk, EATTS7KEE OsBiP1 ML C R i
iT, PvBiP2 PvBiP3 57K#F OsBiP3,0sBiP4  OsBiP5
()3t 1 R B AT,

NtBiP1 (CAA42659.1)
NtBiP2 (CAA42660.1)
LcBiP (KP234024)
PgBiP (XP_031391980.1)
GmBiPA (AAA81956.1)
GmBiPB (AAA81954.1)
AtBiP1 (At5g28540)

100L- AtBiP2 (At5g42020)

OsBiP1 (0s02g02410)

100| {PvBiPla

96L PvBiP1b

100

100

AtBiP3 (At1g09080)

100 PvBiP2
PvBiP3

OsBiP3 (0s05g30480)
100 OsBiP4 (0s02g35400)

— 100L— OsBiP5 (0s08g09770)
0.020

bootstrap=1 000, %55 P} GenBank %35,
B 1 Neighbor-joining ;5 E W B 5 R EEY BiP FiREE
BB R gt L i
Fig.1 Phylogenetic tree of BiP homologous proteins between
different plant species and switchgrass by neighbor-join-

ing method

YRR A T EE R (E 2) SR ,4 4> PyBiPs
5 7 /N 61R BiPs RS 25 domain] ~ domainS DA
5 N AR ST G F 1R A e 2 B | = B — %X, domain 6
(HDEL) £H 45—, motif 7347 & B, 7E 4 4~ PyBiPs
#1110 > motif 194370 5¢ 2 4H R (& 3a) , domainl J¥51
“TVIGIDLGTTYSC” /& Hsp70 FIE ¥ b Fp ¥l A7 7E i s

SIIREIX, domain 3 (IR HIRZE & IIBEX) A7 T motif 3 N
Uity ,domain 4( F5IH R B AL G INEEX ) 7 T motif 5 N
W C O S AR RSP R RIS &
IR EHESE A A EER o 5 8 ZIKYIS,
A domain 5( T motif 7 Al motif 9) , REFAIRAWILG
IR ARG A BRI . 45 L, PvBiPs B
H BiP S5t H s BT

%éﬁﬂj( Kl 3b) .7~ , PvBiPla PuBiP1b HA
7NN F, PuBiP2 PoBiP3 S N & . PoBiPs I
Ui 2 kb RS IR A M 5 (£ 3) iR, B R EA
55 7 = A= 0 1 2 A S A R R 2% 2 A T
1 S BT AL FE - e AT B Y LTR ST | me
TP E B MBS STt 5 PR A & 1) WUN-
motif TG AF 4 il 7 38 F1 5 48 9 TC-rich repeats
JCIE W P ERVE FI Y ABRE e B 5IREABS
P ARE JofF S EE RS A A SRR
+ GC-motif JTF MM A= K 2 1 TGA-element TG
2 5K ¥ 1 ) W 1Y) TCA-element TGiF . & 5B &
e )37 38 15 1Y) TATC-box JGAF 2 5 A 2w g 3 7
) AuxRR-core TG, 25 2% Fi iR H g i) oz 9% 749 1)
CGTCA-motif JTIFF1 TGACG-motif TG4
2.3 AEAEYEMEXTHIE R BiP BEERIEMN I

TR IBEEE (DTT) J& —Fh P 5 5 5 740, g |
ALY A BT G2 A A P 5 I 36 T & UPR™Y 38
it qPCR K MAIEZBR 4 45 15 mmol/L DTT Wjita kb
FJ50~24 h PoBiPs WAAXS Feik &, 450 (B 4) £
B, PuBiPs X ik SR 2 B F G TR )G
NOFRER S 3 24 h BHEE R 0 h KP4
FEPIE DTT /90 3, A7 7E 22 %, PuBiPla 5 PuBiP1b
AR 2 35 Fe W Y BAE 12 h, PuBiP2  PuBiP3 1YY
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FXF PR AE 3 h ik FNEAE , H 5 PuBiPla PuBiPlb AR XS 2 TR T A HE T &, B O 2 PoBiP2
SP domainl

PvBiPla 74
PvBiPlb 74
PvBiP2 -MALLAR---VLEA ; Y 78
PvBiP3 -MALLARVWTLLFA ) ey | 31
AtBiPl ~MAR- SFGAN-STV| 7

AtBiP2 ~MAR- SFGAN-STY] DOGH ) 76
OsBiP] ~MDRVRGCLF| ) STV 74
OsBiP3 ~MARGATWTR-RIHEHG LFLAVLLLLT- L) LG ; ) y n N , 30
OsBiP4 -MARPRRAS TATTMOECLLIAALLLFTS 5] : ' SRR 97
OsBiP5 ~MARPRRAS -~ TMOMGLFTAALLLLTP S PRGEH VIR A - ——————— ) S 35
LcBiP —-—-—- MAGGALKRSAS LI ———-——-FGCLF-RIPIWKEE-————————————— N NRITP y 74
PvBiPla 178
PvBiPlb 178
PvBiP2 183
PvBiP3 186
AtBiPl 180
AtBiP2 180
OsBiP] 178
OsBiP3 185
OsBiP4 202
OsBiP5 190
LcBiP 178

PvBiPla

BIRIWINIBINI DI NI
e eNeolaNeole clo ol eNeolelo ool
[[SEN NS NN I ] S

UL LRILILILILILILILY
OO\O—\O 000 \O\O 00
~NO— N1 O O0NLWWI]

B b EE
NN NNNDDRDNN
OO—O\O\O\OOO\O\O
NIV

LcBiP

PvBiPla

TIHEZR R BRI domain BZCEERR T FISE R, 7 Sk B9 i HE QR S EUE R AR HE
B2 #i8% BiP SHlEF KEHAREPREERSFIE

Fig.2 Multiple alignment of the BiP of switchgrass with BiP homologous proteins of Arabidopsis, rice and Lycium chinense
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5 [___] IVLVGGSTRIPKVQQLLKDYFDGKEPNKGVNPDEAVAYGAAVQGSILSGE
6 [ FSPEEISAMILGKMKDTAEAYLGEKITDAVVTVPAYFNDAQRQATKDAGY
7 [ VTFEVDANGILNVKAEDKGTGKSEKITITNDKGRLSQEEIDRMVREAEEF
8 [ EAAKNQAAVNPERTIYDVKRLIGRKFEDKEVQRDMKLLPYKIVDKDGKPH
9 [ EEKEKVEEALKEALEWLDGNQDAEKEDYEEKLKELEDVCNPIISAVYQRS
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Fig.3 Distribution of conserved motifs (a) and gene structure (b)of BiPs in switchgrass
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Table 3 Stress and hormone related cis-acting elements in the promoter region of BiP genes of switchgrass
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Fig.4 Expression of BiPs in switchgrass under endoplasmic re-

ticulum stress induced by dithiothreitol (DTT)
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Fig.7 Yeast function verification of BiPs in switchgrass under

abiotic stresses
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