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JBIEH (Nepenthes) 5&—RIREEfr dUEY), T HABERMHREE, WYFRAE pitcher
plant, RZHEMERK . W ERME SR EHEZ. HREEEFN pitcher £MF47XA
B AOATR] B ), ) G ZR SCIR A R P03 V7 2 L7 5K o £445 Joseph D. Hooker Frederick O.
Bower 1E W (K1 AR 2 2 HAHP) 25577 5 T 5 PBOR AR BV AL (B IR S0 Rl ARk /> 4 N A5 R
MIUESE, AN REMERES 280 8 Sl AR B Vet ASCEE S AU . RSESEE
FMETFBL BHETM RS E ——E TR FERER D8 7 A (PO-P6), REEHIH IR
THEIEE N JFIE R TE AT Rl ORI e B H A, B TR SR SR A TR
T RGN F IR riE . IF HIEE 7AW AT TT, % O B2 H b2 B XA %
S, PROL TRTAGIEYE . AT TR KNOXT JEI], B4 AL A 4 i X 5 AR 2 Y
X, 48 Nv KNOXT, FFIThatfi e 2k R K RIERIE. SRa &Rl iR, JAEH, HE
FLIE TR ) = ESE R R R I RS SR, RO S T E S E pitcher
plant, SEINEGT 1% GEd ot = 5E 3o
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Title: Pitcher Formation in Nepenthes x ventrata

Abstract:

Nepenthes is a type of carnivorous plant widely adored by botanists, naturalists, and gardeners. It
is also called "pitcher plant”" because of its large insect trap. However, since Charles Darwin's day,
scientists have been perplexed by the seemingly easy question of what pitcher is for. Renowned
botanists, including Joseph D. Hooker and Frederick O. Bower, proposed several vastly different
opinions. Yet none of these opinions was substantiated by convincing evidence, and thus they
failed to explain what the Nepenthes' insect trap is. In this paper, using methods including
scanning electron microscope, paraffin section and anatomical lens to observe Nepenthes'
morphological features, we divided the Nepenthes pitcher's development into 7 stages (P0-P6).
We described the pitcher's formation process systematically, from leaf primordium to pitcher
opened up and ready for insect trapping, and thus provided a range of indicators to identify the
pitchers' formation stage. Moreover, through in molecular biological analysis, we added new
evidence to the essential question of whether Nepenthes leaves are simple leaves or compound
leaves. We cloned the KNOXI gene in Nepenthes, including its coding and non-coding area, and
started to analyze its expression. By combining the results of our experiments, we concluded that
Nepenthes forms pitchers with unique three-dimensional structure because of its anomalous
primordium activities. Hence, its formation is different from other pitcher plants such as
Sarraceniaceae. Therefore, the leaves of Nepenthes are closer to the traditional definition of

compound leaves.

Key words: Nepenthes; pitcher plant; development; KNOXI gene
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[1]. 7E 1658 4£, iEEFE R K B Etienne de Flacourt B YXH#IR 17— Db ik fn b inag & 5 (.
madagascariensis), NN R T RACEF BRI RISy (Jlge) b
(¥ “nepenthe™fir % T JE 5L, “nepenthe” & —FHiBAN . e NIRISARG M 259, (02 M %8
BRI AR, X R AT AR T AL N E AR Z A, i — BRI BT LB R
5% o WA 52 SURE SRR pitcher (R SCHSE— RS T) MON T B2 ERIEE—A
ATEEERIMIE 7). “But what are pitchers for? Can anyone tell me that?” [2]. 1942 ££, Lloyd 45
T EANEAREEFATE BTN B S EEB]: 1D SE 2 Y FER K Joseph D. Hooker
WH, R TR R M B4R, e — AMKTEE T I K A A s 3B AL A A5
W, TR A K R I [4]. 2) Sib 3 Y% K Augustin de Candolle IAH, #
T id) REIEMIF, HARS AN HORIAN, SRR RS T . 3) ERY Y
% Wunschmann Ernest A}y, Fra#0#0 &M v, JERM . S8 H AMIBRAEH 736 45 2 4
AR RS G, B, BT s TR R 1 Rk Grihig),
RGAEMH . 4) FEE L IEB KPS 5K Alexander Dickson Ay, 78 511 54
S R — k-, HEGR IR, T R 4 RIS pitcher, T ] (45 20 Sk
Rk . AEFERLN pitcher /&P I A GGG RIE T, BT MR H SR M
T2 B2 o STk 22 B R 2> 4K Frederick O. Bower AN, 3% 28 55 () A AN & B (single leaf),
&5 (compound leaf), HI%EF G ¥ H F /N #g pk . E )% 5 John M. Macfarlane
FEAFTEE, INHEEER 3-5 AN, #F. ETREME, B0, WRN g%
LU NN 6) FEERE YK Wilhelm Troll A, H8AN5% S8 R H = 8070 P47 &5
i B HEIK)Z (basal zone) EK, TERL T HATEHFRAEHF (lamina) “HIF 5 5
TR M R RER T ETMES: BT EKERR (wing) RHE[S]. 253X K
PO, HR A ) U R ) RN, WA RS R B B & IR LI
HREE, ER XSRS T ERE KW Z R A, XM U TR R AR TR
BN A
ZIGHREAZ AL, SRR O E 1) B E A AR S, R AR K
AR RA AR 6], BAFHEF WA WM RS RELRNES
EHE, (HR TR T A7), gL AR S, PR B
I B S DR R IR E IR T M TE G T o X 2 B (R 3R A R AE B R 5 24
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HAEIR R A R BT 2 b, SR EHH . A, HRIE IR 5
BT KB R NEFITITRI AT IT G M AN B RIS M UL, 58 e Tk ml %
W IS JE T B R TR

N T RS ELIEAR U DA R SCR AR TR 46 11X 3 00 18, BLIE SR AR & dUR ) I R R 3R Y
AL, AT E RS AW EANT, ERE RGN F . W s,
AU AR BT S5 T B BANKI > 1 HSe BB R R R B B Rl e g JE
SN ALK R KNOXT, NFEJER & T it 2 g T R e it 7 RS
R Z S T A AR -

R g S S
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Figure 1 Nepenthes x ventrata ZUIfUR 78 B4 A8 B 4514




FEEET T TR AW LA NSy, — 8 R T (pitcher), 53 —#B40 2 B K< Jr
(lamina). PB4 2 (8] £ 40 (tendril) E#z . pitcher 7] LL2r LR JLANEE 2+ H] (spur);
# T (lid); M%Z (peristome); 785 (pitcher); ¥ (wing) (Figure 1)

T R LSRR A A% PERL IO JE R e Bt i, AT 4 HLE (SEMD.
A D) AR B AT B R TR B AT 2 AR A2 (SAMD TR K B id A% (Figure 2A;
Figure 3A), JFRI4FN 7 AW S—AEH PO M1, FET 43 A2 4L 4155 ™ et J 5
558 (SR —RE, R OIRSE M (Figure 2B), 404 (dorsal) AR C(ventral).

Pl ¥ (Figure 2B-D; Figure 3A-B; Figure 4A), X3, 7EM JRILRET M A i il i
BRI EH b, TR ENA R ROy EE, AR, 2R E KRR
To EER T, A BAubEL, Bl AR, SKEAERNET S WRIREEE
JUTAHEIS B R A AR, T AR 7 [, # IR B N, 287 s s e L. 7EAE
AR, ST AL E I AN B YIS (Figure 2D-ED.

P2 M, #TFAETHIRIEME (Figure 2E; Figure 3C; Figure 4B). AN JFJE th 7E i
AR P, BT TR SR AR KT AR, B AR SS, T IREEE TR,
FEEHMR SRR BT B FWETITESE, AR Z ARG, 557 LMk
MR, WS TS5ETHREAHIZATRME, BWREEERELE.

P3 #§ (Figure 2F; Figure 3C; Figure 4C), #EAn MM, MR TG SR E
NIET ERH] Cspur), BEANHRUGE SRRSO R I B, 8T NS5 TSN —
Bk, DU RERA%.

P4 ] (Figure 4D), BEANMIE K BMEE AL, BHCEREMK, BA M HE
M b T L g T ok, (R T A R R B A AT AR R A

P5 ] (Figure 4E), JET AWK K, WHR K RAMRIAZN, T FHH IR,
HIFUE 7 WAH AR (Figure 5A); J87 EBEE7 WA S AOIRES (Figure 5B): ZE-T NHBHIH
2 b, FRAR LGN I PR kS s PN IR TS 2 R L I P I R i o B 4 L
TN, KRR B BRI (Figure 5C); i1 H#TBEAS, (A558 K 5% 74 85 A1 # (wing)
Fh A58 F AN SR K B, MR ER RERE T ENE TR, Wik
A B R T I SRR AL T

P6 ] (Figure 4F), H T HETHE, BT, EOSGMEFHREIEAR. B
HEPI R M 5K, PR N D 261k (peristome teeth) (Figure 5D). ZEUk, 5478554
MBECLERE TR, H&FEHRUmEE




500um

500pm

Figure 2 4 5% 501003 43 A 4 4 S J5 0 % 3 7
A BT TR A AL (SAM) (FAFFLATR); B, PO AN FIE (AEFkATa) f PL M EKE (2
Sk FTR): C-D.PLINEREE, S8 RIS TH/NEH K K: E P2 WIMHESE, BT 5% T LlslhE: F
P3 IR AL, M AT R T

Figure 3 & 78 5 AT 08U
A IR T 2> R GURN PO RE, RO BRI N T 2 AR, BT B L TR v
JREE T MR A 2y B P1 IR JRAE; C.P2-P3 MR, T SOETHIE, JHRMIIRKE.



Figure 4 J 7 Bl M2 H K B
A.P1 AR EE; B P2 MM JEJE: C.P3 ; D.P4 M, WhJEdkae i BRI AL AERE: E. PSHH, MR
BT AT, EFROESWHEE: FoP6 l, BERIE TR, JHTFHIF, H&HHREE

100um

Figure 5 J& 85T N #4514
AL P5 WV 8 FEE 1 AR A A B B. PS SRS 8 SO bS5 AR A C. PS5 MR EE D BRI IR (B
EFELFTR) AR (REAFLFTR); D. P6 MG IE R N &RM LA



2.2 GEFEAE G RS B A AL ) B L ) KNOXT

BIRTE A SRR FEA LG TSR I R AL, (HRIEE T A8 B R S L 2
S ) AT SR U R BT A, RO MR i A B o JRATTAE B R SR AR 4
e, BRI RZ H BRI AT, AR T BT A5 3 LR I 4 TR

KNOXI (Class | KNOTTEDI-LIKE HOMEOBOX) 5T AE 4041 (SAM) %5 %
PIRR, AU sics gk A4 mis il Thie. Epriayh, R KNOXT ik T i
J&i» KNOXI TEM RSB G (4 KR & PARERIR: KNOXT 133215 ] LA s F 58 DA K 5
AR MEMEY T, KNOXT AEM JFE b RIA Tl e, EFNEERRIA[8] [9]. &
SRBATT B L ST LIS S 2 /D, fEL T () I 5 2R IR] KNOXT A3 ATTAE 7048 2 S 4
AR B T S e SR TR TN

B 3°RACE 55, HAVKEERWETFH1, BFBENLSIY, whes] 1% R b KNOXT %
PR K B R 41, FE3kA9 T 518bp (IR 41 J B o R H i 2 58 B 4% 8 B 5k R 2L 4]
BT TAE CRRFRE PE8dE, RATEATIEX, K 7 I EE 5 KNOXT LA 1)
&K (Figure 6).

NCBI )& F BLAST 58 oR, SEIf5 2158 T 5 1 8 F ¥ 51 KNOXT M KNOXI
KNOX2. ELK. Homeobox KN [fI[FIYEFR-FHE —5 (Figure 7), HIHE 155254 %
L) KNOXT [N @it 5 R R PR rh KNOXT B R EE X, FATTSR B4R #2972 (Neighbor-joining
method), HJE> T RGKEM (Figure 8). MW LAT LA, 7 HH) KNOXT £ 5 H A
) KNOXI JEIRAE i, MIMIESEHRIFoE T KNOXI WAk BAHEEm4 N Ny
KNOXI .

FATH T 3’RACE L5 K] mRNA 730502k B T Tl 7> A2 H 2 (SAM) A1 P2 I 31 44 7
BEHE, TR HABIFORIEI) cDNA 434 I 7 SUAR LA, 5 B R DR E R 8 R SR R
WA Rk . XA RIS AR SR T 3A D0 =58 e

652 21 906

3
5— I = L3 L4
339 144 245 208

Figure 6 &85+ KNOXI F& R () 45 K4 75w [

AT EARR KNOXT 2R ANE T X BESRLEhnmHE T X KESLLPRR KNOXT 2 1) UTR [X.

1 50 100 150 200 250 300 347

Query seq.

Specific hits Homeobox_KN
Superfanilies NOX1 superfamil NOX2 superfamily| LK super | homeodomain super

Figure 7 426 %91 (¥ KNOXT [ [R5 AE 25 44 1]
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=, itig

ARSI VAN TS 2 A, 6 8 B K4 R 2R B R A O REREAT T e A TR A £ I 34
X7y, FFAEMEEA b pofE 1R R b ) AL Nv KNOXT

PRYEASCIRIR S5 R, 7T LAE S E b R SO AR A [Vt E . 2, fE AR
ME—HIME - (lamina) B0 & R, RAGHLM . T AR 1= B — 5, B
A, IE R KRB LTERE , HRE AN T8 T AR R TT R, 28T R 8 TP AT
ASTERYR . B I R S A R UL T X — R

HR, BT VE B W A A, S B . BARBERE T BT,
BRIt R B ) — AN, (R AE R B IR, 8 A T R R IR K RHE .
X BLES T R B L, HEARERT KRS, TEMRmEE AR
EIERAT I R R R R B AR

Ak, NI TR T bk Cmidrib ) T9 3 18 K B Ji AR B0 R A i, B[] _E AN TE A
FET A b KR B R R A BRI, B AHE BN T DR AR T .
1M H, TR A REE kB T RS PR R EAL, m— MR EEREZ .
Fr A MR E T IO S AR, BN EEE T R A& Sl HAH =2 HkE
EEGWE HERRIE KR A (amina) #5010, MHFAESHRIE T

Hi T~ P2 S S 2 DG IO H 3R] LS B 3 KNOXT Fr 31, FATTRT DLHE I 5 o 5
HRE RN KNOXT ik, SEHE T 2R L] o (E 25 O B (97 J5 5 Bl R o
BB R . 5 H e E MY o AL T L I R B 7 R, SRR A
MR PN EEE, BRI R ARRR E, TR T E AR R .

TE 50 B AR BAR 75— pitcher plant——J T2, WAAEE RIUM R, HEMK
B S AR, el L SR AR AN I 1) b A K O [RI 17) 7E A5 U B T B
T ERAMSLN ST, B IR A I T4, RS BT LURZE A B
TE TR 1 JR AL A4 A8 S B0 o, KNOXT BENANRIA[10], o XM —AMUTHETESE 7.
AITEIR A5

KT KNOXT HERI B F ], 22 (a) . Fas EAFERIRS A 04T, A6 Bh T 3RA T 2 2L
BT AR MR A R B AT RN B, T ERRABEA G, —ER
FHELERERPORI . B, A AT EARE KNOXT FEF R IL IR R, v e it 2
MWIRBNTFFF) FEHE T W2 h FHE SR, FERAE SRS A B TR oo, A8k
53 IR — 3% pitcher plant B, 75, fERE IR, AT AT REAFEIR R ZE R,
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J& T 2 UG . FFAE Tk /R SO I & St 7, TEBUR T AR 500 70 1 K v 23l ok
HTEOHLIE o 1 3R 2% (0 ] RUR] e SR AR A T AR B R R RIS A
AR, 4 b dURE A R B 1 2

PO seieps Rl S ik
4.1 HYIHE R

Nepenthes x ventrata K& H /N REE, fEREHEFR. BE 25-35C, BE 40%-60%.

4.2 IG5
4.2.13 RACE

FIH 3° RACE 519748 57 (mRNA ) 3° A3 (1] poly(A) & —BURE 7 751D 1 N — A5 ¥4
AL, RIFEFEA RFRMES 5 cDNA. UL cDNA AR, FI_Eifit LB 4E 7 514 GSP1 Al
T EE 519 CNST HEATH—% PCR. FiBE PCR P24 100 {5 AR ABIAR, FH H #5 R 5]
Py GSP2 A1 R i A5 CNS2 43 Hh H IR 1 3K v . A3 #%e PCR RV [l T
WA, lifh. TR E] KNOXT LK R BLAST HHT ALY, 3 M1 BT3B AR ¥ DNA
PRI B B T 5, BT AT AR R R mAD M A ThEe, RS SR e KNOX
S NE- TS Pul=As

51F%4): “GSP1: CACTACCACCGCCTCTTGGCCGCTTAT; GSP2:
TGTCAGAAGGTTGGAGCACCACCG; CNS1: TTTAGGATTTTCTGT; CNS2:
WAGCATAAAWMYCGGGAGRBYACT”
4.2.2 PCR ¥ 14
@© % TRANSTART KOD Plus Kit i{fl| & * 1] Template 8% )y 200 fi5, ARHEAC /7 AC H g %

THr R AR E) Mix, 724 EB B4 AN 48 pL Mix + 2 uL Template, AHMARIC .

@ ¥ EB %A PCR 1Y%, 3iZ4T TRANSTART KOD Plus Kit M 2T

94°C 5 min
—35 cycles
94°C 30s
58°C 30s

68°C 40 s
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68°C 5 min

@ MIEIANE, EPOE L KNIFT, R IIERE R P

@ Bt PCR =)0 AN &AL, Marker I S i HI AL -

® JFEEIK, 7E 140 V L FIZ4T 15 min.

©® Xf Marker SR AL E, BE A BOKN, SRR

(2) DIBIEIL

© B PHFETRNIESR, I 500 uL BL, #53E 12000 rpm &0 1 min, 3K .

@ VIT YA DNA 80, MABOE, FREIFIDK.

@ MAZFEREAE PC (WA 0.1 g k¥, WA 100 pL PCO, £ 50°C FHN#% 10 min, AN
TANER R .

@ KRR, F I 12000 rpm B0 1 min, IR

® A 600 uL PW, #3# 12000 rpm B 0» 1 min, FEW

bE
® A 600 uL PW, #3# 12000 rpm B 0» 1 min, FEW

@ KW AR, #23E 12000 rpm 250 2 mins

KA TN T4 B 04, i JSCE 10 min.

© ¥ 20 uL EB WIMAEMRE ], ZEiEBHCE 2 min, #3% 12000 rppm &0 2 min.

K W B A R 80 LA 12000 rpm 5500 2 min, I8k

423 T HpRt

O HMELERERR, BRES (HES5HBEREN 1.7 K2 1kb~20ng~0.5ul).
@ PCR f#%i, fE=iR (20-37°C) T M,

® KhBELEETIKE.

4.2.4 #:4k

O HURZZS40M T1 Phage Resistant & UK _E 10 min @ik

@ ANEHFY), BIRS], VK 20-30 min.

@ 42°C /KIBEHE 30s, SLEIE T UK E 2 min,

@ fmA 250-500 uL LB, %), 7E 37°C 200 rpm 251 T, 2 1 ho
® 3 4000 rpm &0 1 min, 3 FIEWR.

©® Fewn, W, fEEE DB ERIYSRIRTE LB 8595 L.

@ KasFdLpE, 37°CHEMATR.

B LB R R 10N &0, fEF & _E I 300-500 pL R A& R PitE LB 5774 .
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© BEHL 10 L, EHCKEAROE N, BRSO/ E SO LE .

@ 7E 37°C 200 rpm %4 F, $EH 3-4 h.

4.3 ) F

©)

@

@

UM B [ 5 . SIBUASIR % B I I AR E ST R FAA [EEW (90 1 50% 2B 5 4
VKSR S 4y S i, Sk IR IZ 5 [ 58 12-24 hs

K FE B s MORMK IR G I 30% LB 50% L8 70% B2 85% LB 95% LI 100%
LI (BIUO AT, 4% LB RE 30ming K G MIADRHER KGN 122 ZH %2
WG 1:1 —H2R R OIEAT & W, B BE 52 60min;

Rl ARPRESE e RIS AR AT (R 58-60°C) B T 37°Clili AR
2/ 3h, ARSI, SREE ORI AR TSR I A R N 42 CURLAH T 4k SR, OF
FITFMAAE 42°CHA TR, [ FRREARK, RIGHEEBEE 62 CIRAM b i —
RIEARFER, JEEPIRALNS, R 2h;

A BRI R AR, TR RHE LR /N ARG T B A T 1) i A
S5 Tk [ I R A N N AR A 9 N VA K A RO RE [« AR AR O 8% 1 D) T 1
TEOUS MR BEAT 3 — 8, SRE#AT U T, VTR 8um, K U0 A B HIRTE R
L2 RBARMAEWAK ERATD Mgy b, £ 4SChAAMER S LRA
JEWR I R, KU BT 3T CIRMA T TR 12 R,

it s G s 5

B RBUAAE WK B 5-10 min, FRE T HIEPRYE S min J5, AT ERE
PR EAL IS S ISR, 76 37 CHRAR T8 3 R A il ik Ad s

WLEE B SR )P SRR 7 S A X V) 1 AT 2% 3 R K

4.4 PR B

@

FAA [E5E (100%ifk5: 50 ml, 37-40%HHE: 10 ml, ZFR: 5 mD. [HE 1P RaHE.
UM R A BRI AE [ e ik (RESRTE e D A A IR A 3 <, BRI BRI
[E i e 12-24h, Hla e — R E . FTEURRHEAR XSO, 3 S IR i 15 23
B e

WiK: EREZEGHAT, —RIOFEFU T : 50%CEE 20-30 min; 70% £ 20-30 min; 90%
. 20-30 min; 100% ZBER K, RFIK 20-30 min. MK S IR S i S i T4 #51)
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BRI G, B U5 B AE 70% CBF D R4k .
© IGF AT MR B KRR - TR IR, BONRE S, RS B MR, 4
PRI FE AR BT Jk
a)  JFHL;
b)  ENERE, WA R
c) ¥ 15°C;
d) I CO, A s
e)  RUMAHE, H slow BY, JRHEREEREE T
) BESERRI 2/3 R, fF IR, 4R 2-5 min VR AT
g) BAJE, WRHEE, W2 AR T AR E (B D
hy  BIFEE L, EEINIKEH
) ‘e —REAUEIRS] 20 min;
j)  RUm#BGE, In#hE 35°C, 78 MRAME, 1$ 8 5-10 min;
k) TR
@ Wi 90s: 15nm JFE CREAHNNBIE, 5 S REA 50D,
® HERE.

. B

LR A BRI R . SRR ERZIN AR PR R A B & B
AL SRS AR 2 e 28 B 2 AR SR D e 91 23 A T B (A9 2

S DR KA A R R B FE TE 5 survey Tl 45
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RSHEm. 2=
bR A A B L, B RHE AR, AR AEYEN, R ER

W

5 JNARIILT:

MBE, 5, FEANRKZERE TS 2018 JamHA. gle s T AR R85 AT
IR AR ST IR T, L E) 2 RS INE B EOREEY) 2 BN “R bk
WA B TR SRR, JFIUR RAF ST, @R ERIEZIMMTE SN, EI4ED
F SR TUEAR, T 2 UOIAL e BRI E AT WD) R S SR AERIE AR SR s Sl
B =2, HAS IR EZRIR A . BRI T IZ5), EXEP LRBEEM
NV

psi

SR UK

vk, %, PEARKZMES S 2017 EEP . @ @i TR e, 2
eI E T T, BLRAT A ERGHE I 3 TIRUR (CEW) #bf . 2015 200
TSR], SR B M TT, IR E R IMHERE PN ARSI T 12 A
R SRR IR, 2220 1R S AE TN A ATVE R iR £ 23 286, RIS I
WAME B AR F R A 2 B, DL AL & BRI B, IF LIS A A F 6
LIS 75 BRI SCE A 4R R A AT FU 22 ST T H R - IO R Bk 215 BHE 5 2 R B 1 g
71, 25 7T aETREEARBRE B RIE (B30 IFRFEREEEE . RARNTE, 2,
JEHE B R
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