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FE W) FF A A PR IF 58 70 2 AU B S0 T 0T 1 R ER,
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21 APk (infrared rays)2& K BHOYGIE HiE £ A0l 0L
ek —Fh, HPE K KT, 248075~
1000.00 pm. ZLANZERT () &38R 4y, BT LMLk, I
K 40.75~1.50 pm; HL0Abk, KA 1.50~6.00 pm;
WL AN, W H6.00~1000.00 pm. ZL4M AR H A
e RPN T 43T R, o S AL R R P Ak por
R LT AN, 1 T3 o S A AG AN A% S B S s
B MILTANEAR M. BEE B PR AR R
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24U R T T RGO R A A A AR R

LE MRS HE AR F20 1 22 904E AT B3 9l FH T A4
(0 FF 46 A SR 5T ). A e R AR AR IR, JE AR R
N e N1 A EAR - B BORAR Y KL &5 % N
AT — S A P P RE T R B A T AR A BGER AE,
Bilan, WSS AR L B Y K L AR AR Y 2 A
ALY, KRR RIA(S. foetidus) L ETRIET
PREAE P iy B3R, i KR 2R KB (Colocasia
gigantean)JT 1642 1) 2 BEH A WA F A FEAE)T T
TR LIRS0 ok, B EE ML AN AR K
J&, AHFSE L A g R A Sk, LI S B T A Pk
PR B LT M AR, B2 T A% 04 o B (&
1), 3 —F AR IR KA w5 T XA IF A A A 2
A BER . TR, B IR i A B
MR, XA AT R, TR Ak
BRI 5T A EE M H 3N B, AT 4
bR b 3RS L AP BUR AR S PR ET (HA20.5 mm, A&
REFIRI3~5 s)FHZS A, SEBLT X4 46 3 T A Ik s
5 A R 2T A AR DA K W% 5 PR il 3, R I AR 2 b

B 1 (8RR ()T 4B A PR 3 22 AL B % A S 5% (a) FIZLAMR
JEAG ()P 3 (B Sk 14). ZEAMAR I (0) B (b B2 R AN Rl B4
TR, LA T R LA I Fr B b R R S T 4 XA A AL B
BEAATINL Pe: 1B Gy: BESEHE; An: HEZEHE

Figure 1 (Color online) Ture color photograph (a) and infrared thermal
image (b) of the thermogenic flower (modified from references 14). The
scale in figure (b) indicates the temperature range. The short arrowsindi-
cate the thermogenic part. Pe: petals; Gy: gynoecium; An: androecium

BARTEAR Py i 1 A 5 R T SRS B 00 ) 34
U0 If HAEAR L BHEY T AL A BB sE v, R EhiF
il 7 38 A TR A S B I AR B A I A SR Sk, DA
SCELT AL RHE YL R B A PG A e .

TR A B W B A A R 0y AR s X (E2). A1y
TR A P Y FE A B A IR, RES KB AR E 1Y
ik B A 5 A AR T R A9 TR PN, el S O R AN B A
TS5 R U i AR AR (B 2(a)). 33X Bl AR SRR R A
P 52 Y (thermoregulation). 3 B} ) fif £ (Nelumbo
nucifera)™, K 5 R A 2 0H = MK 2E (Philodendron
selloum) "V HIRFA(S. foetidus)?"V 55 14 )& T ix — 2 /1.
AN, AT TR AE IR YY), A ERRIR B R A T
WS B, (ORRRORFFIEE, MR SN A AR
A4k, A A I I 1 26 AR AL (B 2(b)), Ik A
B IR B E A (Dracunculus vulgaris)®'" | R4
(Helicodiceros muscivorus)*, DL K A 2% Bl 59 i K
22 (Magnolia ovata) . F = (M. denudata) . ;45K 2 (M.
sprengeri)!"O 350 — A B R ON R AR B R
(pseudo-thermoregulation). 7S A8 1k £ i 1) H SRR
Berh, JRAEAE Y AE 5 PR 5 D[R] i Ak o 7R OB AR
T R AERERL aem A HMAEE, BAER
WA YT LS /D ) S T R AR A AR A A T, T
FFE MY A RLE 5T

Bk, AR SR R I A EE D)
KA, MARZEBHEY R YR =M. sprengeri) AT W
A AEIRGETIE, A ) R A AR AR B TR B M S AR 2 RN
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Figure 2 (Color online) Different patterns of heat production in ther-

mogenic flowers (modified from [17]). (a) Thermoregulatory pattern; (b)
pseudo-thermoregulation pattern
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ZAEA LB e s,

AR, AT Sl 2 A UG S AR A
AR, BT RHEIFAAR LB YA
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LIAMEAR R Gx A SR LA T e o o B SE R |, 1F
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4390 A e AR R A (11 3). A e i
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B3 (MZRROR ()RS AR 22 (M. sprengeri)JTAEA: PP BRI EE B35 H (28 A SCHRT0]). JTAEA: G BT 4 BT BL: BB 1, AERRINICAE ST, B
B2, MESWICER g D), BYBE3, MESSHTIN, BB 4, MESHICESR IR ). A4 E Rra, b 5 MESSIIAMERS I LS Ml % P R

Figure 3 (Color online) Changes in temperatures of M. sprengeri during floral thermogenesis (modified from Ref. [10]). Floral thermogenesis in-
cluding 4 stages: stage 1, pre-pistillate; stage 2, pistillate; stage 3, pre-staminate; stage 4, staminate. (a) and (b) are Infrared thermal images of pistillate
and staminate stage
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— HATESRW. R 5T & I AC B E ALk 42 V] BB TE
FEAE A S AR TS 588 S L il (alternative oxi-
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Y A ZE b D)FIE AW IV (A1 R A AL Y

35 30311,
FER B EE 0%, ENAf R/, —RR
06 B0 77 A 1) 340 Jert 8 0R T Jig i P W A% TR (reduced
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BEFATR 3 s T 45 5 T (NADHJ 2 ) il
HEM N EEHMBMEAR). Z69 1 MEZAY TEdh
TAEBAZE, BEhZaRIEBAE KN, &
Lo AL 2505, I IR N H,0. AOXA 1Y
2R A AR AR N T DU i - Se it AR TRV, i
2 7 WAL 26 45 AOX, P H AOX &% 450, 18
s fed, S8 1, W, VESHLR ik
FE 0 TP B H S H B LR A P IR A 22 [ ) R ) it
F T RO PN X T 2 AN G Y, 3K S i Y
7% 25 3 BULORL A BE T 5 L R] Bt =2 () 7 A= 15 15 F,
fh2E b . bR NI I () ATPA i (ATPase) | n]
ARG — it F- AR 30 B, 8 13 i ATP A5 il
(ATPase)iiz A1 26 b (A3 i i B ) Al BB T3 —
W5 R I 1 (adenosine triphosphate, ATP). 7E3C# & 1L
W, |THREEAESE SRRV, i E
HH AOXAEE LG AR, T O I i HLO (K1 4).
AOXJE—Fh KB RLIEH, BA— R

" 0 5y B 54
(G}
B
. : : -
ﬁ cf uQ —° = ucp
%] &
r U @ G L
2% . 3
*_‘_2 [+ [~ ¢ €
i
Ji NADH W% //\\

0, H,0 H* H

B 4 (MM O ZRAR T R TS SR L. 7E TR, I G REAR P, BT m =RIRIEFRAY = YN ADHA
BEIARR > 15 1% 2 i TAE 8 52 51K T (complex  1)F1& AA T (complex 1), Fi4% i %72 i (ubiquinone, UQ), 543 %5 &4 M (complex
MHFZEKN (complex V), FZA%i% 20, JBIH0. MITEHL T2 B S, HIEPEEMFI RS, T2z UQE ik 2 328 S L HE
(alternative oxidase, AOX), FHEiHE 0, (EH TR, AP SR E S T, M, VA ZERIEE, M s i 75
BE. LEWFAE IR RALBERR AL P, H 22 h ATPS iE(ATPase)iR [ AL BT, ATPasefH B AR T T ATPRY & . ZORL AR
[ (uncoupling protein, UCPs)HJFEAE I T LIS H DA REIR] B AR [l b A ST 19 13 7 5 ATP A5 SR i B A IBe, A TTDRE K 2 19 R i A RVRE B =X
FEL

Figure 4 (Color online) Electron transport chain and energy production in plant mitochondria. In cytochrome ¢ pathway, NADH and succinic acid
transfer electrons to complex | and complex I respectively, and then transfer to the UQ pool. Electrons in UQ are then passed to complex Il, cyto-
chrome ¢ and finally complex IV, which catalyzes the reduction of O, to H,O. But in another branch pathway, electrons flow from UQ to AOX corre-

sponds with the reduction of O, to H,O. During the process of oxidative phosphorylation, H* is translocated to inner membrane space of mitochondria
via ATPase and proton motive force is used to generate ATP. The presence of UCPs can uncouple the transmembrane of H* with ATP synthesis, and
energy release as heating
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A5 4 R IR R A AR B Ak T4 A Y. |
AR AR AL E I, AT 4% % TAOXEH
L A T T 1 G R AR Y. IR L, A R
PREE AR (electron paramagnetic resonance, EPR)F1é B
A8 e 21 #h 35 (fourier transform infrared spectros-
copy, FTIR)%F iU+ AR O 4UESE T AOXHR [ A ML
K F O DX 38R B 52 R 015 K O, 38 RS H,0 0 ik 4h,
MR %58 T AOXER F 1 — S H T45 5 iz B 1 5k
FEBT - AOXTEANME LA — BRARIIE A7 AE, HS
2 B R A 0 E AR SR Y, AR RUIRAS T BN
LT (1o A N N NS T R o B R e L R o
AOXE#EH, HAHR FA&dE AWK 1 BA TR
RVIEES A NI (6115 S A U1 B 2 o R N 23 I Y i = R
SRR, ARE T A DI Y ATP, KRB i
DIAREMIE U . fEIE R RE T, MR AOX
HHBRIIACEIEA S, MTEFER . $ith . T 5%
Belhi T, AOX I £2x K i ik 10 X S ff 57 3 W
AOXTEAE WAL P PR B8 a8 J5 T T Be R 458 21
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SR E 43 B (oxygen isotope discrimination)
MGC-MSH#r & &R HFEM AE(N. nucifera)t, AOX
R AR E LT ARG L E T BEE
AR LT g A6 A8 R R S PR BT R R A 25 R K
(16°CLAT), AOXIRAEAI . (B KAETREE & T
PRI 16°C DL LI, AOX & 72 Y 0 10 E ] 2 3 4%
S, FE AR IR I AOXGE A% T o B R I AE A9 B
HIRBT5%. AR AR BT, 46 REREmN
P A A AR I B AR A MY, Bl S, Grant4s
W25 5 4 B 4R AR B (R 90 5 B 36 (immunoblot)
[ 77 1 & BLAE AOX R, [ Y 2 3k 1t 78 2 AT bR i 2k
A, T AR G R A R — R 1K,
AT UL, AOXER 5 fif A6 1Y T8 AR 1Uf 56

SR, BEEWFFEIRMIERA, WE5E 5 A A 4k
LA f# B IE 25 1 (uncoupling proteins, UCPs) . 5414
MY FF A R OG, AOXTH A A W) I 46 A= A B8 I
U Z BRI, UCPs I A T 2ok A o 5 i — 2%
W n, AR TIZAAE, TERER AR,
S 3 O 0 T 4 E A I ) iR 5 a1 B e R 3 J o 1,
e ff bR H T 15 8 5% 5 ATP-& L2 ] ) G 56 &R,
AT A 48 Ak B8 1R A S5 B AR T ATP A B A BE 1
PLIEE (B SR e 14T H e, FEshd gib e
Z R PSFUCPW A : UCP1, UCP2, UCP3, UCP4,
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UCPS™!. e gh ks e ig i 20 4L b, UCPIW fff (B K AR
FH X A= # DL R #R BB YRR R A T B A O 45 AR
FREAT81 i UCPER [ FE AR ) (1 R o L 4L rh 3545 36
TR0 W B AR AL ) I AR A PG B, UCPRER Bk
FHHRAMRIERIAE B LI, MR EAEE .
selloum) F B A5 JE ) B R FA(S. renifolius)*". 1%
2 RV UCPHE AW A vl e 2 5 i Y 1Y T 1
AERR SRR B ETN Ik, FEAEY AR A At R,
ANIEREAOXFIUCPHE AW REEHZ MR, A
iR 1IN AOXE # UCPHR X I 4B A= ity 1 4 4
B F AL B M AR IR Y. an 2R v Ak
RS, WA RE R AOXEMER; Witk AAgE, WAl fE
JEUCPRIARE/E AR, SR H A+ 54 15 25E L.

AR, A T R OR ) R R AR A T T
b TN TR A M T % F A6 A4 I 52 22 TP I 4% . i i
superSAGEM J77, #ff 5¢ 35 & I AE AE A 1) ' it S
(S. renifolius), JFAEAEIET A J5, B4R E M
FEHEFBREA T BEUCECY, REERRE, SR
Z J& (post-thermogenic) F¥) 7 #% ‘B A b, 4= # B Bt
(thermogenic) LR B H, K SAIMIIT . dokifk
IIfE A e 2R AR A AT 96 A 3R R 3 B 3R s P
PRI, 20 P WA A FH 1) 344 58 T 5 7 2 10 1) A 4 2 44
HORFEVER. T A SR 45 S Y B AR ) I AR A A TE
A —ERreE, X—KIW Aol R, dokifk
AR A R RT et i s A B,

I, ARWF I AL A 38 3 = & Y & BEmiRNA
FEAE P 0 TF A A b e B R EE . miR-
NAJE—2521~25 ntfYAEZRRNA, TEAE ) s i U]
FImRNA M #2 8EHE  RIR K-, S 5B
HARKEE . s . AL . U EE A0 M N 4 £
ot 2 P AR 255 58 o miRNAT FH R, 16 2248
H%E T 114%6miRNA, JF H A B 175miRNATEIEA:
PRSI0 AR5 100 ) R0 A A RE 0T MR I, SR 0 By R 3k
AR, R LT H] 5 A G R YA G,
P20 Rk B, X2 54 B G AT miRNAFE 5L ]
B RGIE B EIE O ER FLsa . B
PN B RS Bl L T A Skt b, R RR Hil 4 A QR 2k
Y& R, TEEEEQAE T A ATPH R B [ H 5 A4 2H 1Y,
4y, P, miRNAR e i Bl 4 B QA AE #1 A Ak
1M B AR ATP A & 1, DT )T fig £ LA A BB B =X R
PO BE AL, X g A A G A miRNASE S [H] b 55
B AR G, X R IFE T AR PO R A 2
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Floral thermogenesis, which has been developed during the long history of evolution, is an adaptive strategy of some plants. It is of
crucial significance for ensuring reproduction success of thermogenic plants, since it avoids cold damage to flowers and plays a critical
role in attracting pollinators and promoting pollination. Based on recent research progress on thermogenesis at home and abroad, we
summarized patterns, biological functions, and underlying regulatory mechanisms of floral thermogenesis, by referring to emerging
techniques of real time and in vivo investigation into floral thermogenesis. Finally, we concluded by highlighting several outstanding
biological questions that need to be addressed for further advance understanding in this research field.
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