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ERRRAER AR RERNIZTE S RIEDH

BarE, Fuit, B¥N, EEE, F#E, BEE, 24
(MR SR 24 B, 1L 225009)

B OE. UORIL, ERACIRZE TV TR SR AR R R AR SR A A R
JUICAEMEIR ZE 5 7 5 WS s s il o e b3bmh 2 b, FIREE ALy R, H99F0 0T 86 A lfE
LFERHCIRZERZ KA REE AL, 20000 35 MR B E AR 4 MEiEFEHEA (MADS-BOX) %A, 11
ANHOIRZEI B R (Patatin) 35 AN vE i ARIHAR DGR R LU 1 AN B RUIRZE Y U DGR R . He FE A
ZESERIKTER T A LKW, ARZEI IR (1 FEHER (Lrplp6. Lrplp9. Lrpfpl. Lrprp. Lrpfp2. Lrplp4.
Lrplp5. Lrplp8. Lrpp. Lrplp2) FIGEM & MAHICIEE (Lrgbss, Lrsbel, Lrsbe2. Lrsbell. Lrsbelll) 7E4R
RZETE G AL &, IR FFER VI 3 A5 LA L, o AR AR A AR /N . o 58 & RT-PCR 45 4
eI B R IR B R DR 25 S IR 1 2 AN T Sk, [RS8 B Lrplp8 F11 Lrgbss 1455 5 HUR 22 H
B Rk, B 10 AN G BAH IR 5 ANERG A SR, JtIE Lrplps 1
Lrgbss, X YEREFRARZE M KRB EEAEH .

KA ER: HUIREE, EFERA; WEE: W

FESHES: S645.1 SCHRFRIRED: A XEHS: 0513-353X (2012) 03-0501-08

Isolation and Expressing Profile Analysis of Enlarging Related Genes in
Lotus Root Rhizome

CHENG Li-bao, QI Xiao-hua, GAO Xue-shuang, BA Jin-jin, YIN Jing-jing, CHEN Xue-hao, and
LI Liang-jun’
(School of Horticulture and Plant Protection, Yangzhou University, Yangzhou, Jiangsu 225009, China)

Abstract: It was found that the contents of dry matter, soluble sugar and soluble protein were
enhanced with the growth and development of lotus (Nelumbo nucifera Gaertn) rhizome, especially in the
later enlarging period of rhizome. In present study, transcriptome sequencing technologies were used to
analysis the genes involved in development of lotus rhizome included 35 hormone related protein genes, 4
light induced protein genes, 35 starch metabolisms related genes and 1 tuberization gene, which might be
related to enlarging of lotus rhizome were found. The result of digital gene expression profiles showed that
ten Patatin family genes (Lrplp6, Lrplp9, Lrpfpl, Lrprp, Lrpfp2, Lrplp4, Lrplp5, Lrplp8, Lrpp,
Lrplp2) and five starch metabolism related genes (Lrgbss, Lrsbel, Lrsbe2, Lrsbell, Lrsbelll) significantly
changed their expression levels with at least 3 fold in the later period compared with the initial period,

while other genes did not obviously alter their expression. The result of Lrplp8 and Lrgbss temporal and

RS EEA: 2011 - 10 - 24; {EEIHHR: 2012 -02 - 21
BREGH: HEXARRFESTH (31071795): ERA#MATILET (200903017-02)
* {51 Author for correspondence (E-mail: ljli@yzu.edu.cn)
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spatial expression by semi-RT-PCR in lotus root was similar to the results revealed by digital gene
expression profile, suggesting that these two genes were highly correlated with rhizome enlarging.
Therefore, we speculated that above 10 Patatin genes and 5 starch metabolism genes played important
roles in rhizome enlarging of lotus root.

Key words: lotus root; rhizome; gene expression; hormone; regulation

— RN A AR ZE ) I U T i AR R 34K (Reeve etal., 1973). SEHARLYIHUIRZEZ K
PR AR LU LA 23—, MYEEOREEA/E] . REUI50RY], ABA. GA. IAA Xf
B ZER I i B FEEE M /EH  (Okazawa, 1960; Catchpole & hillman, 1969; Kumar & Wareing,
1973; MR ATEAAE, 20015 VFi, 2002; HUKHE, 2004; FRE 5, 20065 F=NF 5%, 2007), 2
= RREMIE S E T (MADS-BOX) FI Patatin 45 SHEESE R K R IAXTAR - BRZE (1T AR # 2L .
MADS-box % [A BEWS T 1 532 Y6 A5 S5 R R s IR A ) AR AR AR, 2t 1T 52 i 22 7B
% (Kang & Hannapel, 1996; Migney et al., 1988) . Patatin s& 22k 7 2 R 7 & B4 i, Jefferson
S5 (19900 AFERILEASAT TS LR ERZTEAGI T, K RS IR A IR AL A 2 H 2205
H (Patatin), Tk HBEF R TAEIERIE R TE R PEED Patatin & AEH &, KRR Patatin
FIRIB IR ZE T S CRA = BERIAH G . Si4h, et fk Loy Patatin 55 HEHG T 580 8 B R TE AL
ZEBRE)) (Park et al., 1985). 25—, JEMEIERACIRZE M LMY . SERE AL TT A0 KN iE
Foy TG 1, T DU SR (0 & BARE I, A5 N TE R (& B ARUIR 28 4 1 6 20 44 A1 (Hawker
etal., 1979).

B NAEWIFGT S 48 B PN AR 2R 2555 8 el R B AH ST 5 A B KRk Jie, {ELX 3% (Nelumbo
nucifera Gaertn) HIBFFTEEA HIE « ARG P AERIF ST RS HOIR 25182 0 2 Az AR AR AR AR A A 1
Fent b, SR SR LI e A R DA 2 R R R R RO, AE RIS R HOR 2RI AR SCIE A,
16 S FEFE AR ZEE A R AR R Bt U, Dtk — DAl B D TR T Bad AT 70 7 B R BE B, WA
MERERRZL TR B 23 1AL BE B e ol

QY ZE SRS DARF

1.1 ##l

RET 2010—2011 FEE IR 22K AL R SR EG T MO BEA T o A58 B BETE R & e = 1 W
NG (MR, R P [R50 A o
1.2 B#AZE

MEFEAIRZE IR B FE A4 3 AR : (1) BRIl RaEf e K2 g 11y, HER
21 3em; (2) EARFI: EIEREHA 3 WS, HE 1 WEAZL N 3em; (3) BAEM:
RIAE S L 35850 32 TR AR A SE I

HUAANI AN ) 3 SR, KGR mlse st =, SERIgEd . 301, TokEe L4
oo BROmER, FHTO0E E IS T EERE AL BT 10 min J5, B - 80 CUKA A HAE 60 CHEAH
HEZAE TR TR . WIS TR 3R, 45 RE 3 RS K

13 EHFRRKZFHAIEPTYR. AIAMEELATEEATHANE
E AR T TCA/W BT (Hurkman & Tanaka, 2007), &M E &XH Bradford (1976)
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ik APEPE OB EIE S BARET (2000) 57k T RS ENE R T (GEBAERI
B, 1984), AR HEE 3 K, FradidaRkH SAS AR T 00T .

14 FRBANF

3 AN IR BCRE 5 VR A HE L RNA, A cDNA 55— 44 5 I 22+« ANTPs. RNase H
I DNA AWM T A CEE 4% cDNA #2107 SCZE A Tlumina HiSeq™ 2000 HEATHI Y. Pf4k
FNZHBE R FEVE DL http:  //www.genomics.cn/index.php. JHId blastx XJFE R UEAT RIVEHE LS, A2
BEPR BAT S m e AR AR I 1, A3 B BE DR IR a1 D REVE R L

15 FRARKENERRIEAITHH

ARG A N AR R 391326 B A O O ARR SR AT 28 1% 0. I RNA - St &
R, D 32306 pg & RNA, HAIHZEE (dT) MKW 2k mRNA, JEUZE WdT) 7%
3 UEE ¢cDNA. Nlalllf§t) cDNA, FIHBERITIE 2EA6 T AT cDNA 3'3i ) v B, B H: 5K I
B 1, IXRER AR T AT R 1 BURRAE . SRS AL Tag 3R EHeE Sk 2, AT AR A3 P St ide A7 AN
AL P 411 21 bp AR%E S

XS P 25— 58 A AL PR E SR T 305 B I ek o 0 &5 R Lk e ke i 5 PR REAT EU XS, &t
THAREAN FE DR B ) S AR AR B R, AR R R A6 bR A BUMOR HE AL AR R, SR AT AR AE AL R DR SR A
(http: //www.genomics.cn/index.php)o

1.6 *XE= RT-PCR

b RNA PI$EEL A cDNA 35— 4555 (1) 5 B[] e s L DU e ik I 7 vEAR R], - T A [R15 A7 R Bk A
FERE AR [ — Ak L RAE. mh Ry R AR R

EFERURL S5 G UE By & O IE (Lrgbss) (514000 B, 5'-CGTGGAGTTGATCGTGT-3'; T
W, 5'-AAAGGTTTGCTGCTGTT-3"; Actin 5|#%: L, 5-GACTCTGGTGATGGTGT-3"; T iif,
5'-CACTTCATGATGGAGTTGT-3" . 3% i AR 2 il &2 (AL ) CLrplp8) 514 4« EiE,
5'-GCGGGAGCTTCTAGTACGTT-3'; Fiff, 5-TTGCACAGTTGCCAGACCTT-3'. PCR X W FLJF¥ Ny«
95 °C &M 30s; 53 CiBK 45s; 72 CHEM 60s; HJo 72 'C 10 min, ANV IE 30 AMEH .

2 HiR50H

21 WRRER TR, TRMENEARSEMNETL
N T B ARIB VG N E (OGN ), XTI A S IHROIRZE o T 0, P A Ty
PP EEIAT T, 4595R GR 1D REITWFE & T IR A Ty Ik 8 AR SR N ) 9

F1 ERRREBAZIEDTYR. TEEERTEMEASENEL

Table1 Changes of dry substance content, soluble sugar and soluble protein content during rhizome enlarging of lotus root 1%

ENELE:] T TR TR A
Different period Dry matter Soluble sugar Soluble protein
i KHIH Inatial enlarging period 538120 b 1.94752 b 0.85563 b
iz K ] Middle enlarging period 6.48455b 2.24263 b 1.77012 b
JiZ X )i B Later enlarging period 19.22355 a 5.96575 a 3.08701 a

e AR T BERORTE 0.05 K EZERA R,

Note: Means with in the same column followed by the same letter are not significantly differently at 0.05 level.
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RO B AR, R IR T B A BEAEAIR S ORI S, JE DR 2R IA AR A AT REAE S
RK.

22 EBRBAAXEERNZERGFERERRILE

FESERROR IR, P01 SR TR IOORE 3500 5 R ZE I R (R R . 52 3T A B3
1, 3t 86 AN TAE SR AL (2, 405 AR S IE VR S8 FIAER 35 4
VORI E IR 35 A, HURZEIPRUE 1 (Patatin) MOCHEDE 11 AN, L7 S8 (LB 4 A& 5
Yo 25 7% R R 1A

%2 ERBUREEBEXNERRERE

Table 2 The genes and gene expression related to the enlarging of lotus root rhizome
FEFELIE JEH/AIHD Gene

expression (Latter period/Initial

5 R 4 K

Name of gene

Lifig
Gene function

period)

W FE LI Hormone induced protein genes

Lrsk5 -1.70791 BEICA M 5 Rhaggy-related protein kinase 5

Lrrikl 1.69717 SRR FIPAIE 1 Receptor-like protein kinase 1

Lrsnare -1.51567 ¥ PE NSF fi# & Soluable NSF attachment protein receptor

Lralikp 1.28874 B3 HH Al-induced protein

Lrarp 1.70259 K ZFEiFE FH A Aux responsive protein

Lr14-3-3p 1.86784 KEFEA P58 Steroid hormone mediated signaling protein

LrNDKs 1.04984 A% T B 2 Nucleoside diphosphate kinase 2

LrPAP -1.9039 WENGRRBENERE  Oxidoreductase

Lr14-3-3p 1.69442 KIE AN P55 8 A Steroid hormone mediated signaling protein

Lr ARF16 1.75488 K Z MK 7 Auxin response factor

Lr F4N2.2 0.72777 #1H ACT Jiff8 1 ACT domain-containing protein

LrAUS22 1.34127 K ZFZiFEFH M Auxin-induced protein

LrSAUR 1.96185 4K i $ A Auxin-induced protein

LrSGTA 1.47714 1T TPR S5MIBI0/MY & SR A B Small glutamine-rich
tetratricopeptide repeat-containing protein A

LrUPF0497 - 11.40301 JES4 1 Membrane protein

LrGAST 1.40232 FHRFFPMAREEEN  GAST-like protein

LrARF-L1 -1.05301 ADP #JEALA T ARF-L1 protein

Lredpk -2.28631 LM (134 Calcium-dependent protein kinase

Lrmtn21 1.00571 WMFEBEFHEN  Hormone-mediated protein

Lrhp - 1.24362 & Hypothetical protein

Lrrhs 1.47197 WZiE FH Y Response to hormone stimulus

Lrtra -1.43273 M3 UA¥E  Transcription regulator activity

LrSAUR 1.51571 K ZFZiFEFH M Auxin-induced protein

Lraip6b 2.14083 AKFEFEFHEM Auxin-induced protein 6B

Lrfbf -1.00801 F-box FKEHE M F-box family protein

LrMYC2 -0.43122 Myc2 & Myc2 protein

LrRPK 1.91882 ZARE P Receptor-like protein kinase

Lrsaur 2.07208 SAUR ik SAUR family protein

Lrlrp 1.36627 fFJsiE R A2 1 Lateral root primordium protein

Lrhpk -1.28919 MR & A I4NE  Histidine protein kinase

Lrpap 1.47426 PN I B PR B W 2 1L 8 ER Phosphatidate Phosphatase

LrGST -2.82689 HMEHIE - S - ## 8  Glutathione S-transferase

LrMYB -1.63194 MYB #3%[H-F MYB transcription factor

Lrcmp - 9.62205 MM KE  Cell morphogenesis protein

LrlIAA 1.39982 MWk Z & 3 Indole-3-acetic acid 3

J6% 5 8 (1 5E A Light induced protein genes

LrMM2 1.37196 MADS/MEF2 %k MADS/MEF2 family protein

LrMBTF 0.56259 MADS #3557 MADS box transcription factor

LrMBIP1 0.69612 MADS HAEH#1 MADS box interactor-like proteinl

LrMBIP2 0.41821 MADS HAE®# 1 MADS box interactor-like protein2
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gk 2

BNRIE O

B ISR
= " Gene expression (Latter period/Initial

Name of gene

Lifig
Gene function

period)

ZEPLE R AR A KR IER Patatin family protein genes

Lrplp6 5.11201 ZEHUPSKEE 4 6 Patatin like protein 6

Lrplp9 3.80601 ZEHUCET 1 9 Patatin like protein 9

Lrpfpl 6.14971 ZEYUr AL Patatin family protein

Lrprp 7.69321 ZEYUrE Az Patatin-related protein

Lrpfp2 8.65256 LA I Patatin family protein

Lrplpl - 8.00562 ZEHUPKEE [ 1 Patatin-like protein 1

Lrplp4 6.58356 ZEHUPK AT 4 Patatin-like protein 4

Lrplp5 9.25689 ZEHUCET 1 S Patatin like proteinS

Lrplp8 10.28328 ZEPUP R 8 Patatin like protein 8

Lrpp 8.96697 2P EE A Patatin protein

Lrplp2 5.38239 ZKERIPR AR 2 Patatin-like protein 2

TR AHICIE R Starch metabolism related genes

Lrssllap 1.12928 YEB A5 B 1a Fi{&  Starch synthase ITa precursor

Lrsslla-2p 1.12928 YEB B 1a-2 i Starch synthase I1a-2 precursor

Lrtgg 0.65891 WEIEH RN Transferring glycosyl groups

Lrss 0.65324 VMR Starch synthase

Lrssllip 0.62988 VER A5 B TIT /{4 Starch synthase ITT precursor

LrssllI 1.02135 YEN I T Starch synthase I11

Lrss IVp 0.58958 YER A B TV 14k Starch synthase TV precursor

LrssVp -0.02594 VR A S V R Starch synthase V precursor

LrssV 0.58974 YK Al V Starch synthase V

LrssVI p 0.96873 VER T O VI HiT{&  Starch synthase VI precursor

LrssVI 0.56989 YERY £l VI Starch synthase VI

Lrsss 0.48966 WA PEVERY B B Soluble starch synthase

LrsssllI 0.69855 AL PESERS 4 T Soluble starch synthase 1T

Lrsslp 0.68954 VER G IEEARLAR (1 Starch synthase-like protein

Lrsss3 0.96879 W PETERY G il 3 Soluble starch synthase 3

Lrssil 0.84901 VER T B A MK T Starch synthase isoform I

Lrssill 0.36985 VEM G K T Starch synthase isoform 11

Lrssilll 0.56987 VER B AR TIT - Starch synthase isoform I1T

LrssiV 0.56436 VER B ARV Starch synthase isoform V

Lrgbss 15.98665 Wik g5 A B ek A B Granule-bound starch synthase

Lrsgbrl 0.63989 Ve BURIGEE R1 #5111 Starch-granule-bound R1 protein

Lrsbel 3.69832 VEM XM 1 Starch branching enzyme I

Lrshe2 5.72792 VER 4> W 2 Starch branching enzyme 2

Lrsbell 4.22542 VERY S SCHE 1T Starch branching enzyme 11

Lrsbelll 3.36983 VER 4> SCHE T Starch branching enzyme 111

Lrsbeip-1 0.35625 VER MR HAFE (IR - 1 Starch branching enzyme interacting
protein-1

Lrsde 0.69866 VM5>S Starch debranching enzyme

Lrisa-3 0.36589 FEVEH 4> XM -3 Isoamylase-type starch-debranching enzyme 3

Lrisa-1 1.72792 SEUER 4> W - 1 Isoamylase-type starch-debranching enzyme 1

Lrh - 5.69862 JKAREE  Hydrolase

Lrspp 0.78563 VERRR{LEG  Starch phosphorylase

LrsppH 0.85694 VERERRNE H  Starch phosphorylase type H

Lrsbeip-2 0.32452 VEM XM HAEHE I - 2 Starch branching enzyme interacting
protein-2

LrsrpR1 0.96363 VEMARISHE 4 Rl Starch-related protein R1

Lrsex4 0.04182 JEH excess 4 Starch excess 4

ZEHLJE LR Tuberization related genes

Lrpuit 0.14324 FEAETHIERZEE N Protein induced upon tuberization protein

T BN RIE T

Note: Negative for express cut.
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FI B R R 22 S R IR TR A3 BT 86 AN SERIMRIATE Il (3R 2), Rk AR b i K 1 ok 2K 8
SR AR DCIE R (Patatin), 11 ANFEWER T (Lrplpl BRAM) A 10 ANEE S KCE Ears8n, 6
WRJE R 3 ~ 10 fif ZEHI AR (AR DCIE R R E T, — 5 T I 255 o e, [ B 3 ol i
Foe AR BRAC I 2 S W RIRZE () 1o AR A VE R G AR DG HE IR, 5 MBS (Lrgbss, Lrsbel ., Lrsbe2,
Lrsbell AT Lrshelll) ik ETHm, JoHJE Lrgbss, 7EHLIRZE G ML arARY 16 £5, HAh
4 ANFEARLERAE 3 ~ 6 52 1],

EER T LUE H, S TEN A L R 30 . JE R A BRI B R B s — 3.
Lrgbss [ FE BRIk, AESEFPREEE FSgmiRR 28T ie by i, B sg i ARARZE = i, (RN 5
FOARZEMIE S K. SHEBFEAMIKIER . 6% S HE ALK M AR ZE L A IE KAE 2 A
IR AR AT N, 750 ~ 2 5200, PRI IA A ARIR 2500 B 11 AH DG I RURI S B 45 SO AH DGk PR G)
HE R AR ZE 0 I A P B R BH 2 o

2.3 Lrgbss BfZ= RIEDHT

1T Lrplp8 1 Lrgbss 75455 DR 2 53 4tk i A (A, L HL ik ) 1 0 o e —
BFST, LA S0 S ] 72 59 6 1A 45 LA MER PE R 20T Lrplp8. Lrghbss 53 BEAUIR 251 A i M1
P

S5 W], Lrplp8 Al Lrgbss 714 R AR 222 R AN R IE B AR, B2 KYIHR IR S, 2
K H S 9 . Lrplp8 il Lrgbss 763 5 AN [ 5 b7 ¥ 23k BB AN, Lrgbss £ AR 25
KiE ok, RN RIE RS9, 1M Lrplp8 fEHVIRZEh Ris Sk, e HAbS B rp Rk iy,
Lrplp8 H A4 R iAFe ek

DL E I 4 SN - i DR 22 e 3R i 4 AW, U BTG 1R 7R 3R I I3 2 I8 A7 |, Lrplp8
I Lrgbss 1A R Rl AR 220 K3 BAT 5 B BOAH DG, I s TR ARR =5 1 I ks E A 1 o

b w1 Ja K i i e R

Initial period Middle period Later period Flower Leaf Leafstalk Rhizome
L’gbxx = L?gbss =
Actin - _ — Actin m

a b

1 Lrplp8 #A Lrgbss EEEEFRRERAFEH (2) MRRZAL (b) KR

Fig.1 Temporal (a) and spatial (b) expression of Lrplp8 and Lrgbss genes during lotus rhizome development

3 e

CHHEMZE (JAA. GAs. ABA. ZT) MEFRIFFEAERE., ZHEE LR, HiESE
HHE K (MADS-BOX) - VE# BA A ZEH T 1A SGHE R AL IR 25 14 T2 1A 5 (Kang & Hannapel, 1996
Rl T4 45, 2000; MR A1 A, 2001; Hirose & Terao, 2004). 1fj H#4#% (IAA. GAs;. ABA.
ZT) FHFIEH, ZEH R 3L . MADS-BOX SRR ISR JE K LL AL ZEHIE ik G I R
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BN LR R ) B O BUESE, (HERE T IC AT RGEHHRIE . Fr LUAE AR AT
FUBCRIERN L, HANIE0 8 86 AT REMEFHARAR ZETE AR R I BE R, AR I PR 22 e TR 15 1 45
BokF, ZEH I AL (Lrplp6. Lrplp9. Lrpfpl. Lrprp. Lrpfp2. Lrplp4. Lrplp5. Lrplp8.
Lrpp~ Lrplp2) FEH; 45 i CHE (Lrgbss, Lrsbel. Lrsbe2. Lrsbell Fl Lrsbelll) X #E#EHLIA =S
B K A B B 5L, JUSE Lrplp8 il Lrghss. ZEHUE AT 1 (Patatin) & 22 5 PR 5 B 04 G B 4]
WA E, ARMERET, (H32 DGR, RS HA SRS P (Bohac etal., 1998).
AR 22 238N ZE P R 1 DR () 0 RN ZE R T )l A e BE AR DG, IR U AR 22808 i )b
& (Park, 19900, ARIGE R EZAHVIG, Ui BH IR ZE 0058 1 55 RO Rl 25 B 18 T 1A K 1) ot
BRo T UER T ORI RO ZE 1 2 K B R B R P 1, 9 ek (A e 2580k & P 77 1 45 £
(Hawker et al., 1979; Oparka & Davies, 1985). &y, MR RNREE R Z 250,
ERTERAE B R ESMHUIRZE I K (Fu et al., 1998), X¥4 A o HE— B HF 9% 3% R HLIR 25 1
RHLEEZE 5 Bt o

Fah, AR R IEER S S R GRS T 8 O SR R R K EE T i 1 3 BRI A KT
AR A AR, PR 2 SR R I A S B RN AE, X AT AE R e CRIMR R I AE,
2001; Hirose & Terao, 2004). | IAX] 3 #E AR ZETE BOAH O BB R (R 2 IA L EAT T S VIR ZE 1
RS R R AR Tk — 2P
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