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Abstract: [Objective] With an exploration of the role of early light induced proteins (ELIPs) in
photoprotection of bamboo, this study is aimed at providing reference for the further elucidation of the
photoprotective mechanism in bamboo. [Method] The ELIP genes were isolated from moso bamboo
(Phyllostachys edulis) leaves using qRT-PCR before an analysis was conducted of their expression profiles
under different light conditions employing qRT-PCR and the function of one ELIP gene was initially validated
by ectopic expression in Arabidopsis thaliana. [Result] All the three ELIP genes (PeELIP1, PeELIP2 and
PeELIP3) isolated from moso bamboo, with 165, 179 and 182 amino acids encoded respectively have the light-
harvesting chlorophyll a/b binding protein domain that consists of three a-helices transmembrane domains,

indicating that they belonged with the chlorophyll a/b binding protein superfamily. As was shown in the
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phylogenetic analysis, PeELIPs were closely related to the ELIPs from monocotyledonous plants including
Oryza sativa and Zea mays, which had a high homology of more than 72% and clustered in a same branch. With
the employment of qRT-PCR, it was found that the three PeELIPs were weakly expressed in etiolated bamboo
seedlings, but their expression was dramatically increased upon light treatment. Meanwhile, with the increase of
light intensity and the duration of treatment with strong light stress, they were all upregulated significantly in
the normal bamboo leaves. In addition, the over-expression of PeELIP3 in Arabidopsis thaliana inhibited the
decline of F,/F,, under strong light treatment, but it had no effect on non-photochemical quenching coefficient
(NPQ). [Conclusion] In conclusion, at least three homologous genes of ELIPs can be identified from moso
bamboo, all with light-inducible expression. On the other hand, the over-expression of PeELIP3 could alleviate
the photoinhibition in transgenic Arabidopsis thaliana, implying that PeELIP3 might play a positive role in
photoprotection. [Ch, 8 fig. 1 tab. 40 ref.]
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DL S RS0 BT SR W kL . 53R TR 18~25 G, JEJEIAN 16 W8 h, JEHRIRE Ny
250~350 pmol-m2+s™', K E 6 4~ H B IEF7 6 IBANFE . SEsmAb B . K B AT LA W E BB E IS N 24 h
Ja 43 9% 2= TR F G IRER EE (0. 300, 600, 900, 1200 Al 1 500 umol-m2-s™) ~, AbFH 2 h J5HURE
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B HCE TE 250~350 pmol-m ™+ s (WG N HEATAL L, A BIFEALERSS 0, 0.5, 1.0, 4.0 F18.0 h Bk, FFLU
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HEAT ELIP ZEH, FFARME P A R sy 351 (& D), #7 BREERY 3. R Trizol 42 HE
P H B9 5 RNA, FE08 R 3 s iR 7 & (Promage, JE[H) A % cDNA 1 A#5#R . PCR =4 2 Bk b bk
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Table I Sequence of primers
Pl N AR B G 1HFH(5'—3") BRI P53
PeELIP1 ATGGCGACCAAGGTGGCCTT CTAGACGTTGACGAGCGGGGC
LR v e PeELIP2 ATGGCGACGACCATGATGGC TTACACTACTAGTTTTAGACGTTGAC
PeELIP3 ATGGCGACGACCATGATGAC TTAGATGTTGACGAACGGCGC
PeELIP1 ATCATGTCCGCTGACGCCGA CTTTGTGCTAGACGTTGACGAGC
kT PeELIP2 ACGACCATGATGGCCTCGAG TTGGGCGTCTCCGTTGGATC
PeELIP3 GCGCATCTAGCCTGTGCAAT TTGTTCTGGGCCCTCACGAC

XoF B A AR A 1) PRI R H G R 1) 28 R 5 4 16 AT A A, b S 5 B 1 A AR B BT 38 ik ExPasy
(http://www.expasy.org/) FEZE T EARE, FHN B RE LS #3853 15 FH 38 [ [ 5K A= {5 B 0 (NCBI) 83211
TELR B % CD Search (http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi); F|F Plant-mPLoc (http://www.
csbio.sjtu.edu.cn/bioinf/plant/#) 1 WoLF PSORT (https://www.genscript.com/psort/wolf psort.html) i Il M. 4
JSERL. AN, FIH MEGA 7.0P7 4241 Clustal W T HXF B AT ELIP 3 P 4 i 1) & L 182 )7 91) 5 Ho Ay o
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ELIP BRI 7EA [RGB PR F N ARSI, NAE qTower 21 it PCR X Fi#F4T, AR 10.0 pL:
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WA 4T PCR P4 . 95 C 6 min; 95 °C 10s, 62 C 10s, 40 MG, EF;: PeNTB Jy NS FH P,
BRI FRIR A BUR 274 e
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FESEAEAR ) DNA, 28 PCR 418 PeELIP3 JERTH, it — DY e i BEDAR R . CEBCEERE -, e S
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2.1 PeELIPs EREREIF 5o

SEA . WF . PR E, WNEBAT TR 34> ELIP REIEH, 535454 4 PeELIP] .
PeELIP2 Fl PeELIP3 . J¥ 5531258 . 3 A PeELIPs 3 [H ) FF 1 B HE 4351 47 498 . 540 F1 549 bp, Xf i
i S SR KNG 165, 179 1 182 N2 kg, T &K (14> F &R 16.70., 18.42 F1 18.61 kDa,
DNAMAN 53 #T 3 A~ PeELIPs 3£ P 4 A% (1 & 3L 1R )7 91,k BL°e (T AH B 22 ) HL A 8 B 19 4RI (80% LA
1), Hrp PeELIP2 il PeELIP3 Z [A]iA %! 91.1%. 435X} 3 /> PeELIPs & [ YR SF A5 f rfi, 45
W BN EAFI A S A SR AL SR a/b 455 E AR, FIREIZ4EH FEA 34 a-12
BEWSIELEH, HAPEs 1. 3 B o MR HE AR ST, HAEE 2 MR REE AL BER (Glu) FREEMAL
LR (Asn) ZR3E (K] 1), X —Z5 AR 44 & a/b 454 1 (A MR 2540301 [, 3 4> PeELIPs ¥
J& T4 R ab 4G HEABEHERG . FH X & : 3 4> PeELIPs 5/KAH Oryza sativa. EK Zea
mays 55 BT AH Y 9 ELIPs ELoA 8 AR, R M 729% DL b, 1 5 3008 T 45 50T i AR 4 19
ELIPs AHAAPERAR, [FIRHEIRT 67%

FH Plant-PLoc 75 £ % {4 ¥ 17 W 40 M 2 437 $00 2 7« PeELIP1 1l PeELIP2 2K [ 5 i T & 44, 1M
PeELIP3 £& [ U5 (N AE SRR o S T (S 503000 45 SR S in oy, ot FH 80 10 0 40 o 7 50000 &b 5 4 WoLF
PSORT £ £ X} PeELIPs & FH PR T AU, 255 W7~ : PeELIP1. PeELIP2 il PeELIP3 #fsiw A W] HE & {if
Fobsgthrf, $E—L LR TENE TSR ab 255 R AMEEN

ZmELIP MAATVMASMS - -PLASATPGARRAFPVRLLLQASALAPRRRALAVTVRAQSD- - - - - DAEAEPKEAAA
OsELIP mMALS----SS5-FAAVAA----- AAG- -GAPWRAAVRFPPRRRVALVVRAQAE - - - - - PEVEPTKEETA
PeELIP] MATKV-ALSS -FAVTAAVPRGRAVGRFAVARSPPAAGTAQRRRALVVRA - - - - - - i emememaas
PeELIP2 MATTMMASSS -FAVAAA -PRPRAVGLYGAGRFADAQSPAPRRRALVVRAQSK- - - - - PDMDPTET- - -
PeELIP3 MATTMMALSS - FAVAAA - PRPRAVGLYGAGRFADARSPAPSRCALVVRAQNK- - - - - PDMDPTEE - - -
AtELIP] MATASFNMQSVFA-- -GGLTTRKI -NTNKLFSAGSFPNLKRNYPVGVRCMAEGGP TNEDSS -PAPSTS
AtELIP2 MATASFNMQSVFAAPSGVLTTRNIRNTNQLF - - - - - - - FKRIAPVGVRCMAQGDP | KEDPSVPSTSTS

ZmELIP AATTPAPKSKAAA- - - - - AASPGLWDALAFSGPAPERINGRLAMVGFVSALAVEASRGGGLLSQAGSG
OsELIP TSSSPTPSPAAAAPRAKPAASTGLWDVLAFSGPAPERINGRLAMVGFVSALAVEASRGGGLLEGQAGSG
PeELIP] wimwirmimimmmmiminn sm wiw mca KASTELSDVMAFSGPAPERINGRLAMVGFVAALAVEASRGGGLLSQAGSG
PEeELIP2 wisiwiswwmissss i sasa o PKPKASTVLWDVMAFSGPAPERINGRLAMVGFVAALAVEV|SRGDGLLSQAGSG
PeELIP3 s iwivisis sizisic s TPKPKPKASTELSDVMAFSGPAPERI NGRLAMVGFVAALAVEASRGDGLLSQAGSG
AtELIP] AAQP-LPKSPSPPPPMKPKVSTKFSDLLAFSGPAPERINGRLAMVGFVAALAVELSKGENVLAQISDG
AtELIP2 ATPPOMPQSP -PPPVSKPKVSTKFGDLLAFSGPAPERINGRLAMVGFVAA|AMELSKGENVFAQI SDG

A A TV

ZmELIP SGLAWFAATAAVLSVASLVPLURGDSAEARSGAVMSANAELWNGRFAMLGLVALAFTEY|LTGAPFINA
OsELIP DGLAWFAATATVLSAASLVPLLURGESAEARSGGVMSADAELWNGRFAMLGLVALAFTEFLTGSPFVNV
PeELIP1 AGLKWFAATTVVLSVASLVPLLURGESAEGRGGGIMSADAELWNGRFAMLGLVALAFTEY|LTGAPLVNV
PeELIP2 AGLAWFAYTAATLSVASLVPLLUQGESAEGRGGGVMSADAELWNGRFAMLGLVALAFTEY[FTGAPLVNY
PeELIP3 AGLAWFAATAAVLSVASLVPLUQGESAEGRSGSVMSADAELWNGRFAMLGLVALAFTEY|LTGAPFVNI
AtELIP] -GVWSWFLGTTAILTLASLVPLFAKGISVESKSKGIMTSDAELWNGRFAMLGLVALAFTEFVKGGTLYV - -
AtELIP2 -GVNGWFLGTTALLTLASMVPLAKGIRAEAKSKGFMTSDAELWNGRFAMLGLVALAFTEYVTGGTLYV - -

T™M2 A A ™3
At: $L B I¥ Arabidopsis thaliana; Pe: FTAT Phyllostachys edulis; Os: IKF& Oryza sativa; Zm: K Zea mays.
TMI~TM3 =R 3 1 o- IR HES LA M . 4R a/b 85 & AN A LR, =AM S TR SR

AL

B E#45ddic. K. E K8 ELIPs £ 857 ot
Figure 1  Alignment of the deduced amino acid sequences of ELIPs from Ph. edulis, A. thaliana, O. sativa and Z. mays
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5 7~ PeELIPs 5 HAth ) Fl ELIPs 2 [H] 9 i fL5C & , % PeELIPs 54U miIv . /K Fd . /DN 37 i &
Physcomitrella patens 55 18 /AR ELIPs ()2 JE 18 7 5 F 47 LU X o0 i, IFR g b femy . 4558 (K1 2)
W . ELIPs dEAb ] 43 AU RS, Q3E8E FAEY O F IR AP AEY) . 32k ek W .
EAT ELIPs 5/KHE . KSR IHAEY) ELIPs RAE—&, U EAT ELIPs 557454 ELIPs R A A
BORMGEG KRR, SRIGRAT Y, SHTEY) . ST LR FGENEE LR, X5 &R
Gk B L A —2R
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61| 97 —— ZmELIP (ACG46269) i
14|l L—— OsELIP (BAD30330) —_
50 L HVELIPI (P14895) E

16| — PeELIP1 @
27| 96 PeELIP2 @

L PeELIP3 @ B
StELIP1 (AAKS9376) |
96 =
o8 SCELIP (AKH49404) )
| 9y — SIELIP2 (AAK59377) [ i
L PpELIP (XP_024403368) %

p—

77 —— DsELIP (P27516) s

P

CrELIP (XP_001694681) :IL ES

R
GbELIP (AGP03463

At. BUFE I¥ Arabidopsis thaliana; Br. 567 Brassica rapa; Cr. 3P AC#E Chlamydomonas reinhardtii; Ds. ¥ [GEh ¥
Dunaliella salina; Gb. 4R 7 Ginkgo biloba; Gm. K 5 Glycine max; Hv. K Hordeum vulgare; Mf. ¥ 16 H &
Medicago falcate; Ms. 1L ETE Medicago sativa; Os. IK¥E Oryza sativa; Pe. BAT Phyllostachys edulis; Pp. /N i#F
Physcomitrella patens; Ps. Wi 5. Pisum sativum; Pt. BRA Populus trichocarpa; Sc. 5 il 7 Syntrichia caninervis;
Si. FHii Solanum lycopersicum; Sr. 1115 #% Syntrichia ruralis; Ta. /N Triticum aestivum; Tp. P R Trifolium
pretense; Zm. K Zea mays

B 2 AT ELIPs £ B2 /5 5 M 2 69 2 St fust

Figure 2 Phylogenetic tree based on the amino acid sequences of ELIPs

2.3 PeELIPs BEEAMRIE D

F o HTCREXT PeELIPs FERFIA MM, BEREBAT LA M rh AL A RE, SR OL AL O R
SR 250~350 pmol-m 2+s™"), DLLE(EIEH B N XF R (ck). qRT-PCR %53 (& 3) WL/R . PeELIPs 1E EAT ¥
AT P AR I 2 i (9 Rk, T PE G IR AR AR AL B IS 35 AL I 3 A PeELIPs I H ik i ¥y W & m,
Ht PeELIP1 1 PeELIP2 (3R HAEGIBACBRAYHT 1.0 h PNPSER N, 20 %IHE 0.5 1 1.0 h iAIE(H, 546
FRAL SR AL AR L, 203 N2y 21 (580 58 1%, BEJE B FRE#aH, % 8.0 h B3R T ok, 432
b ck B 2 f5F 4 f% T PeELIP3 1) 3% 35 1 Wl ' IR AL BRI 8] 4 SE K 1M BT, 7E 4.0 h LU @ #na 17 F 54,
LI 8.0 h J5, HIGKELAZXTIW 12 %, EEAHM 20 fF.

J it — IR XS PeELIPs BE A RIK M52, B A [FDEIRGREE (0. 300, 600, 900, 1200 Fl
1500 pmol- m 2+ s™") AMHIEH AR M BATSLA M R, K PeELIPs ()3Ri51% L. qRT-PCR Z554 (/& 4)
R MECISR BRI, PeELIPs )33k &3 FLXT IR (0 hy 4 m1, £ 1 500 pmol-m™>-s™" [y 5% b B
2h i, PeELIP1. PeELIP2 Fll PeELIP3 WZRik i/ I 22 G AL T 1Y 22 18 #1113 4%, 2R IEH G FF
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B 3  PeELIPs Tt £.A4r AL P 64 £ & 547

Figure 3  Expression analysis of PeELIPs in etiolated seedlings of moso
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24 (300 pmol-m™2-s™") FHY 7. 9 F1 12 %, 7
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MHER , PeELIPs W FRik AR el b F, bl
SRR K, B R (B 5). BAT R
FEH 1 PeELIPs 7E ARG HEGR B | AS[] gb#f
I IA] Y 26 8728 B, PeELIPs JL[H Ay #2 ik 326
WEES, HASGIRYI AR A AL
E— U T PeELIPs #ifit i 147565 6 R 0115
SFRIIEFRA
24 PeELIP3 HEEMETERE

RBUE PeELIPs BER B U)fg, P 14
LA PeELIP3 #a#d T FRiMEYI# A& pCAMBIA1301-
PeELIP3., ¥ pCAMBIA1301-PeELIP3 H 41 J5i ki
AR B A T AL B R T (Col-0), it

30
»r sk I**
I 20
ﬁ‘SJ **** -
;H% 15 B *k
= sk ?
z10r ) 5
ok ** ?
5E 0 “al |l
0 300 600 900 1200 1500
YRR B /(umol * m™2 - s7")
1 PeELIP1  EE PeELIP2 PeELIP3

*FRONEFBE (P<0.05); RN 2R B (P<0.01)
B4 RERBIRELIET PeELIPs ) %3k 5 W

Figure 4 Expression analysis of PeELIPs under different light intensity

t/h
BN PcELIP2
*RINZES B (P<0.05); **F/R 227 3% (P<<0.01)

1 PeELIP1 PeELIP3

A5 &K% (1200 umol-m-s") Mrift F PeELIPs
84 KR 5T
Figure 5 Expression profile analysis of PeELIPs under high light stress
(1200 pmol-m=2+s™")

PubEfi e 6 T, SRS IF 2 3L R 4 PCR FI2f € & RT-PCR %5E, 458 (K 6A) B #5010 itk
BEIEN I 6 MR (L2, L3, L4, L7. L8 I L9) il #: %] PeELIP3 KPR B, 157 A= U3 pg o1
TR R, RS X 6 AN BE bR R ARSI T 3%, & T, AU 7 B 5 i 2 2 & RT-PCR #F — 04
W, 2558 (8] 6B) KB : PeELIP3 BERITE 6 MER T IMG 2] T Rik, Hrb L3, L4, L8 A L9 BRAE P HYE

ISEEE T L2 I L7, XKW PeELIP3 FEN C I AR T IF i B ik, EARMKAR PRI%R

BEAE—EM S . IEWIREIRFMT . PeELIP3 i 1 3R AT 5 | LG Hk PR DL T AL AR SR AU A A2 4

A L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 M WTJith:

B wT L2 L3 L4 L7 L8 L9

AtUbi

L1~L10. RS- HitE A tk; WT. BF2E AL M. DNA 73 F-ibRic; BokL. BT IR
B 6 PeELIP3 # 3 W sl d 3 PCR £ (A) Bk ke (B)

Figure 6 Detection of transgenic Arabidopsis by PCR (A) and expression analysis of PeELIP3 in transgenic lines (B)

2.5 PeELIP3HEEEIUETHEEZRASEH DN
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Figure 8 Analysis of NPQ in PeELIP3 transgenic Arabidopsis
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