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Effects of Heading-time Genes on Pre-flowering Developmental Phases in Rice
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Hidetaka Nishida
(Department of Biological Function)

Sixteen heading-time tester lines in rice (Orpza sativa L.) for the six loci were subjected to
transfer treatments from short (10-h) to long photoperiod (24-h) and vice versa at various times.
Using an analytical model, we estimated seven parameters for the three pre-flowering develop-
mental phases of each line: the basic vegetative phase (BVP), the subsequent photoperiod-
sensitive phase (PSP), and the post photoperiod-sensitive phase until heading (PPP). The Sel
locus was found to have an extremely strong effect on PSP; EfI, a slight effect on BVP and a
considerable effect on PPP; and E1, a considerable effect on PSP, although their effects were
modified by nonallelic interactions at these three loci. The effects of three other loci were almost
negligible. Subsequently, two late-heading mutant lines HS169 and HS276 with an extremely long
basic vegetative growth (BVG: days to heading under short photoperiod) period conferred by a
recessive mutant gene e¢f7/-/# and a novel gene ef2, were subjected to photoperiodic transfer
treatments. Both mutant genes were found to increase BVP and PPP markedly by themselves,
whereas efl required nonallelic interaction with the Sel locus. Based on the results, causal
genetic pathways to flowering in rice and the significance of ¢f/-% and ¢f2 in recent rice breeding
in the low latitudes were discussed.

Key words : rice, pre-flowering developmental phase, BVP, PSP, PPP
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=77, W FHENETIMMNA 2zBWT L, HE (B
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paziaiozizasn oy RS BAHO R STl b Bl
[T e iR 10 on EfI A TH D20, Mo ii{nTHE
E OMEARBIZ L LTy,

Yin &3 DA F 5 E R L T, B2
R E A LA B LU HD HREAOH RS
NRATIE T, FRLOMBEOEE b L1z, IEHIE
BT % 4T - 72, F OFER, (ERHE» WHEETH - 72

FeARSER A B (BVP), BEH&HTICBIT 5 6
(PSP, ; BEHIC L 2BIEHHH), MHEHTIZBITS

AR (PSP ; AEMGH LI AR H O HED, B & U
A DA (PPP  post photoperiod-sensitive
phase ; G4 EANCAIN T 2) DEE XHET 52 &
a7z, Lo L, HRLhETF o BN EEHIC T
VEFEIZ 72 S s ST W e,

Lo XFZFI BT, HERIE ST o A B
B L ORHE T E R b 28 L e Bb 2
MERMO =T RS TE BNV Ol Hird
HERET TSN GEIRE R AR TEI2Z L TH B2,
Wiz, A A B IS T o ER AT & A ST
BT nlg, FEEOMATICHIETE 2 28808 R
BN EAE LT EDHNOU EDIZHIT LB,

Ll bo@ih b, AU TiE, 7 Emo RE6RIs®

T Sel, Efl, U Bl & EEHORE ST
Ve &8 S g 3. ko, SRR 7 - iR

BRI AR b 72 BRD BPRE TR D 9 B, FASK
FEEEMA L RV RIERRR L I GRE-FT
B & OERBRT ORI 217y, TNETIE LA
S L DT & T T W ERARSEEA RAH O SRR 7 1
FRICHEEDE, A ROLERICB D B

M#E s L UFE

1. BRSO TR O BT E B4R B AHLC RT3/
6 MRS T (Sel, Efl, E1, E2, E3, U)

B4 2 16HE R 2 4 L 72 (Table 1), N5 E@EBET

i S b, Sel FE, Ef1 A, B X8 ET HEERFED Mk

PEIC % by CRBEAUH AR L TWD Z AW 5

I-e (AL sel EFKFL) L HAT, BOGHE EboHT
8829, [HIE ISR AR L IEHI L, sel &
Sel ¥ HAThHThOBKIERZ LD, EfI (G

LT of1 1%, HREIRF Ef1 &N,
FEAR HeE L RS2, BT Yk 7)
DEVERIET E1 1, HERIRT el &MHAT, B
RECERR, E2 LU E3 HOEMEETIE
Wkl & (O, U BEoEMGE A B 2 B 222
AUO, [K oy 3 HATERIIE A 2 ) S v,

#H10) D%

B AZESBEMEE Vol %4

Table 1 Genotypes of 16 heading-time tester lines for the
six heading-time loci
Line Genotype
(Group 1: -/sel/EfI)
ER E1 e2 E3 sel Ef1 U
T65Ef1 E1  E2 E3 sel Ef1 u
T65elEfl el E2  E3 sel Ef1 u
(Group 2: -/sel/efl)
T65 El  E2  E3 sel ef1 u
T65el el E2 E3 sel ef1 u
(Group 3A: E1/Sel/EfT)
EG1 E1 e2 e3 Sel Ef1 u
EG4 E1  E2  e3 Sel Ef1 u
EG6 El e2 E3 Sel Efl1 u
EG7 E1  E2 E3 Sel Ef1 u
LR E1  e¢2 E3 Sel* Efi U
(Group 3B: e1/Sel/EfI)
EGO el e2 e3 Sel Ef1 u
EG2 el E2 e3  Sel' Efl u
EG3 el e2 E3 Sel Ef1 u
EG5 el E2 E3 Sel Ef1 u
(Others)
EL11 E1 e¢2 E3 Sel Ef1 U
EL308 El E2 E3 Sel ef1 u

These lines used have the same allelic constitution for other
heading-time loci.

* Basic vegetative growth expressed by days to heading under
short photoperiod (10-h).

Photoperiod sensitivity expressed by the difference of days to
heading between long photoperiod (14-h) and short photoperiod
(10-h).

Y LR carries Sel-u (Sel-u has a slightly stronger effect on PS
than Sel-»n).

$ EL30 did not head even 160 days after sowing, although
panicle initiation started.

BREOTETIINE - Wokntk, 77 ALKy Ok
A R 72, R RB ORI B B 72 D) A 10
R/ b, AELXIZ12E L7z, F Lo EH Q4R H
B) BLOEH (I0MEE) &ETIcZAZTNI2K Y
N/ RS AEEL, IERSI0 HIcEH&NTOR Y M1
W% 4TI, FREEETORy P 1L ER

S TICRE L, HRE CTRU S Lz, FEkM

A LI 7 H4Ec, BHRT0H H £ TfTo 72,
HEEHOE X3, HESEBATUEN Y 5 HRL

At Fig. 1 T NAANIHED) EDEND &1z, UTD

(1)~ 1) % Bl CIERIZ R 2475 = Lo & D HlE
L7, BRIz 7 b7 = 7 Sigmastat 5.0% w7z,
DH =BVG+Z,PSPsb/(1 — b)

(t <BVP ¥k &) (1)
DH=BVG+ (Zb—Z:b (1 —0))(t —BVP—-2Z,
PSPs)

(BVP < t <BVP+ PSPy & &) (2)
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Fig. 1 Schematic representation of heading responses of

the plants transferred from long photoperiod (L.P) to
short photoperiod (SP) (solid line) and those from SP
to LP (broken line) at various times after sowing.
Arrows indicate the durations of the basic vegetative
phase (BVP), photoperiod-sensitive phase under short
photoperiod (PSPg), and that under long photoperiod
(PSP.), post photoperiod-sensitive phase (PPP), and
basic vegetative growth (BVG) period. b indicates
regression coefficient of days to heading during
photoperiod-sensitive phase on days from sowing to
transfer treatment from LP to SP.

DH=BVG+Z,h (t —BVP)
(BVP + PSPy <t <BVP+PSP./(1 — b)

HEE) (3)
DH = BVG + Z,PSPsb/ (1 —b)
(BVP+PSPs /(1 —0)< tod ¥ x) (4)

PSP B LU PPP ZLIFOR(B)E & U6) % HWTHH L
7z.

PSP, =PSPs/(1 — b) (5)
PPP =BVG — BVP — PSP; (6)
DH : #Ifi 04, BVG: % H&M4TI2 BT 5 FF A,
BVP : ARG E RAHNE X, PSP, BH &M TICH
BIRESAHNE R, PSPy L S H AT IC 51T 2 Bt &
&, PPP ! BOCAHOMT 20 b Al E TORBIAINE X,
t o IEMEBATAENE He, b BOBEE S, ZoB LW
Zy D7 BERD S HAOBATAEX TIE Zy=
1BEWZ,=0, 802 56 EA~DOBITURKX Tt Z,=
0BLWZi=1E7 5,

2. WAYIERMORS £#3L ( Wik S 3 RMER
HHE T T

etk JEAZE R HS 1694 & UF HS27613, RSRY)
EOH Y HIETIRIRAU S L RETH ), 2
2R OSSR RIET % Lo, HRIMEEIS,
HS 169, HS 276, It 5 & U BfTFES & UF Sel

1+ HBMBEFOREMETHCRETHROBF 49

BEIZBIY 2 HUERM 6 REEZ UG L, 5 Mo HE (10,
13, 14, 15, BIUIKHEE) & TicslrsaA
AL 720 M-I ANE & BB H T - 72,
AU ALBE 72 D) SR/ K b, RS 4 L7,
MARFEHTIc I, HS169k & or HS276 & 4iith=k, Sel Jik
BT B ME R, B LU Ef BT 2 MsE R o
F. 2488400, FIREEICBT 2580 297> 72, oo B,
R B 4B
DADBRTEHREH (0B B E) &0 TF oL 72,
PHGHRT & Sel BEN R T DR SEVEMGEIZ IS, Sel Ji
EAHIRAEL.8% TG T 5 T 4 VA LBUE T8 Pgiot
ZRB L2, Hub U 2B RHE T OB 2 8474 5 726
12, BB o HESARATAEE 2 4T - 72,

BRESLUEE

1. BEAGSR R T o BIAEH 2R B 39 1R
168008 A H R S AR ATALEN N9 2 IR 62 2k
DE I ITN—TIz KT E 72 (Fig. 2). [BVP-%i, b -
D T N—=T (T N7 L) ZIURT- T selsel/Ef1EfL
DFH (ER, T65Efl, T65elEfl), [BVP-£, b -/\]
DT N—=T" (T N—"72) (ZHURFRIDY selsel/eflefl O
FHE (T65, T65el), [BVP -4, b - k] 7 n—7
(7N~ 3 )BT SelSel/EfIEfl o %45 (EG1
~EG7, LR) TR E 1, & 70— 7' MBS 308z
TR L TREINZEIIN E—F L7z, Z0kSE F 72,
6 HEDH T Sel Mk L8 Efl JiED X bbb Tk = 2o VEF
FHOIZEERL TS, Ly L, EL30IZERT5H
SelSel/eflefl Th bz, I [BVP- &, b -
K] THHZEDWHEE D, FREEFELY, 7T
=73 ERUBIEERLE, 2z ki, Sel WEE EfI
JEE DENCAHEAERDP AT 2 2 & 2REL T3, 7
=735z, bk (IFN—T73A, EIE] %#)
b - (TAN—T 3B elel Z¥) DI N—TI25
VY (VAN
WROEOIEMIZ RS 217 - 72 2 2 A, 10%H5%
(EGO, EG2, EG3, EG5, EL11, ER, T65Ef1, T65elEf1,
T65, T65el) Tlx BVP, PSP, PSPs, b, # & 1F PPP
EHEECE 2oL, 6 R (EGL, EG4, EG6, EGT,
LR, EL30) Tix BVP BL W b »&TH -7 (Table
2). Kz, IS8T A= —F ORI T O/ %
AL 72, AR TR, BRI O K E D - 72 Sel JiE, Efl
B, B EIBEIZOWTHENG,
Sel BEDVER % HESET 5 728, FIRARTHED Az 1
R L, Mo BEI R T I R — o KM T T 2
—Z—% KL /2. ER, T63Efl, 1 L 1f T65elEfl (sel
4H0) i3, FNFN LR, EG7, BLU EGS (Sel #
L) EHET 2 E, WL b AL RS,
Lard, sel 1ok 3 b oz, EI #¢d 28
4 (ER & LR b L ¥ T65Efl & EG7 ltbix) 7»35%

p=it

=
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Group 1(sel/Efl/- 3 lines) Group 2(sel/efl /- 2 lines) Group 3A(Sel/ Efl/ El ;5 lines)
s 160 resgrn 60 s 160 X X XX o7
":i: 140 4 140 A 140 H
I . O
< 120 - 120 - O 120 +
w100 - 100 ® O 100 ~
£ o ® e0® e -
z 80 80 +
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Days from sowing to transfer from short to long photoperiod andvice versa

Fig. 2 Representative heading responses of 16 heading-time tester lines to transfer treatments from short (SP; 10-h)
photoperiod to long (LP; 24-h) photoperiod (circles) and vice versa (triangles) at various times after sowing. Closed
triangles and circles indicate that all plants headed within the experimental period (160 days). Open circles indicate the
average days to heading in the treatments where non-heading plants were observed, while crosses indicate that no

plants headed.

FRHE & T, el O L O (T65elEfl & T6bel
DR 121339% & kB o7, T Sel E E1ME
DN AT B L TR H 5 2 L 2L T
N, Okumoto & DWEHVE—HT 2, F72, sel #LD
JIL, Sel % L OB E L T, BVP 2%h 312 (89
2H) Btz Ed s, Sel FHEIZBSEAHIZNT T 3k
ARG BN LR T 5 2 L ATRIRE 172, ZORR
13, Yokoo and Kikuchi ?#i#5%9 & —#§ 5,

FIREIC UC, EA VR 2 HisE L7z, T65 B8 LU Tebel

(efl #H) @ BVP {&, ZhZi T6SEfl LW
T65el1Efl (EfI # 4 2) N7, M2FEEL LT
WDl LT, EL30 (efl # 1 2) & EGT (Efl %%
=) BVP (21213 U THh - 72, T65 NILs (165, T65Ef],
T65el, L T65elEfl) X sel #, EL30 & EG7 i
Sel # 3,02 b, ofl 13 sel & IRAFL 128650 A BVP
FWUCELCRYD, Thbb, of & sel ORICITH
VD TAET B LD & # 2 Litie, 72, T65 NILs [
DD 5, ofl 13 (sel ¥ DILFTFT) PPP % 2 15 L
FECEE LI EB I UPEEHORS 28 S 50

DHDLIENRDLNT, Likhi~> T, EfI FEIZHARS
st BA O & T2 (, OB & ORSEAERE T DK
ekl LR T 5 2 e WIS ko 72, LLEORERD
Ttk 90s, Sel BHAETFIZHAMOVEH B & UMb EfRT
Y ORI VR &5 U IR AR 2 BT T E WO KT
a4 X+ R FoRHEERT CO LU TsY), CO &
FIREIS 4 % o ERNC [ b 2 i ERM O X — 8RO U
EOThbEEZ LI,

EG1, EG4, EG6, B EG7 (EI #b2) 13, %
n#zn EG0, EG2, EG3, LU EGS (el £32) &
3 P OR

T b pk&(, E1 & E2 BXUES3 -
ST £ ) =k E o 2. ZORRIT, El
JE IS B L oD —8T 5. Lo L, EI
%L ORMO BVP It el # L 2RHL D LEL, i
12 B3 B4R L OB E1 2L 0RK LN L el
% L OO T D - 12, ZH kI3, EI RO
DATH {, B VER £ 7213 E3 FE & OMEAEHIZ &
D, LM T FOREL Tw
5,
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Table 2 Estimated values of the duration of the basic vegetative phase (BVP), days from sowing to heading (DH) under short
(10-h) photoperiod (SP) (BVG), duration of photoperiod-sensitive phase under SP (PSP,), regression coefficient of DH
during photoperiod-sensitive phase (PSP) on days from sowing to transfer treatment from tong (24~-h) photoperiod
(LP) to SP (b), duration of photoperiod-sensitive phase under LP (PSP,), and duration of post photoperiod-sensitive

phase (PPP)

Line BVP = se. BVG + se. PSP.* 4+ sel b £ se. R PSP, PPP

(Group 1: sel/Ef1/-)

ER 16.0 = 2.67 495 + 055 179 £ 412 0.60 £ 0.05 0.981 44.2 15.7

T65Ef] 133 + 1.49 48.1 = 047 221 = 2.36 0.64 = 0.02 0.994 60.9 12.6

T65elEf] 16.4 = 3.04 488 + 0.46 205 £ 4.05 047 + 0.05 0.971 38.6 11.8
(Group 2: sel/efl/-)

T65 319 + 221 723 = 0536 156 + 2.86 0.66 + 0.04 0.978 45.2 24.8

T65el 302 = 2.03 70.8 £ 0.54 106 + 240 0.76 £+ 0.04 0.982 44.3 30.0
(Group 3A: Sel/Ef1/EI)

EG1 145 + 1.30 442 + 059 - = = 091 = 0.03 0.993 - —

EG4 145 + 097 437 £ 041 - *x - 0.95 £ 0.02 0.995 — -

EG6 144 + 063 43.3 4 0.28 - = - 095 = 0.02 0.998 - —

EG7 135 = 1.06 415 + 046 - &= — 096 = 0.03 0.995 — —

LR 125 = 1.08 434 £ 048 - £ — 0.92 = 0.02 0.996 — -
(Group 3B: Sel/Ef1/el)

EGO 11.7 = 0.8 . 407 =+ 0.33 94 + 1.66 0.88 £ 0.02 0.998 77.1 19.6

EG2 34 £ 1.01 422 £ 040 85 £ 212 090 = 0.02 0.998 81.4 20.3

EG3 150 = 093 43.0 £ 0.38 7.1 = 0.98 090 = 0.01 0.997 69.1 20.9

EG5 144 =+ 1.28 427 x= 059 89 £ 157 088 £ 0.02 0.997 75.9 19.5
(Others)

EL11 142 + 1.01 431 £ 0.46 70 + 231 092 £+ 0.02 0.998 89.1 21.8

EL30 127 + 1.30 496 = 0.60 - £ - 096 = 0.03 0.994 — —

* Not estimated due to the large standard error of PSP,.
t Standard error.
¥ Contribution ratio due to regression.

2. HASSRLEEMORE
BB DfRHT

WA ZE SRS SRAE HS 169, 6] HS276, B L& 087 #HuE
S BVG (10 H R et Fic 817 2 BRI A # ¢ 3K
AR R & BOCAHEE A RS % A b 72 B U YY)
L 72 & 2 A, HS1699103 H THc b £ <, HS 27612
59.4H, BRI EIZ44 . 4H TH 72 (Fig. 3). HS
169k L ¥ HS 27613 1 Db gL BB T L o2
ED b, TNENOEBRBETD BVG 1“‘“)’\"%‘}J7k 1361.0
HE L7 40 g Lz, SHUSK L, efl/Sel-¢ 5
i (T65) 1 Ef1/Sel-e ik (TGoEfl) J; D43.0H, efl/
Sel-n #H (EL30) 1% Ef1/Sel-n 34 (EG7) £ H12.3
HEW BVG 2RTZ EHEHLN, efl & BVG Bk
WL, Sel-e ik ->THLEOHLNS (#93.66%) =
&, LaL, HS169MZ 85T BVG Rz
Sel-e & ofl DFRARL VH40% bR E W E W5
W -7z, F7z, HS2760 4 FGHAT- BVG Bik7)
Reld of] DWHMIR L Y Lk EH» 72,

KT, HS169NL SRR & Sel D FURT X X
IPER TN B 22oic, HS169 & $EE s & OF Sel FEiz 4
T AMERM LR & %M Fo 8 % v im0t

L ORI B ERER

HS169
HS276
Gimbozu
T65
T65Ef]
EL30
EG7

ER

LR

Days to heading

THD RGeS K

Photoperiod (hour)

Fig. 3 Days to heading of HS 169, HS276, and seven
heading-time tester lines under five (10, 13, 14, 15,
and 16-h) photoperiods.



B2 FHHE EE

Aot b Th, 2HETED & CPTBE A AR L,
Bgom et - AR 3 0 LicariEL 72 (Fig. 4 A, B),
101 B B4 T Cld, BBt r ool g s n
HnDT, ITOSEHILEESHRTRIIBIT AL DL E L
L7, B 51z, HS169 x LR ovadhl FucBL T, £
k% Pgi2 RNz L 72 2 25, SR RH
THRUH O B3 87 b % - 72 (Fig. 4 B). Pgi2
-1 1% Sel-n &EWESEHL TWB I b, TLL DR
By BEUET X Sel-n EI3MOLTH Y, HS16913 5
SR X TARE Sel-n # L 02 &, B L UEREETO BVG
BAANHAL, of] ST EA Y, Sel FEDFEURFRUAKAT L
TN EERLTWA (FE, Sel-¢ XL TLEDLL
vy, F 70, HS169 & EfT B 50k EL 30
L EEME By Tl BUARET X e A 3 0 1icarBEL,
G 7 T AR
L ¢ EfI EIZEE B ME R T65 & i F.Cla,
ef1/Sel-n (EL30) %Y & 45 2 405 A s Bl A A
WHLL 7248, Ef1/Sel-n (8RE53) MR LEIHEE L
o BUH A SRR 2 L e 72 (Fig. 4 D). 2h
LD L, HS169D 24 ST (efI-h & @dh)
13 efl ERrBMRICH B I L EIRL T,

HS 27612 2\ CIRERC Sel i & DR SLWHE 21T 72
& A, ERGEETT Sel OB T LM TH L Z &
AU L7 » 72 (Fig. 5 A). EfI JElZ BVG Bkl

A) HS169 % Gimbozu

40
Gimbozu HS169
] icsiinsinaa ]
w30 -
g n=138
3 20 - Egrly c Late=97 1 41
3 x?(3:1)=1633
] P=0.201
“ 10
0 - Au'l*r—‘v*—r

30 40 50 60 70 80 90 100 110

B) HS169xLR

10 HS169
] S
LR
P P2 locus Tn =231,
I IPRi22 P2 2Pg22 =46 1 128 158,
30 - 4137, P02
2

20

No. of plants

10

Days to heading
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&3 efI-h * 3> HS169 & 7 F,id, Ji B AL A & (R
U EIRE A R R R B AR & BB L o 2 L
» 6 (Fig. 5 B), ZEURTFE ofl-h & WAL TH BT
LASRE N, L hio T, HS 2760 2 R SR -1 (ef2
L) 13 Ef1 B LU Sel EOWT LIS L EEREL
Vv, o BVG Bikibfs T Th B & S 7.
HS276, HS169, # & Ef1 D 2 HoE fik (T65
£ 8 T65ELD) (2 H B SMRATRUE 2 47, SRR &
Mo & (BVP) 15 & OB S (b) 2 Hl5E L 72 (Fig.
6). BVG mE X3, HS1694%35.8H T b £, HS276
1227 THT T65 XIHFF L TH-72. L, ef2 D BVG
PAAh S 111 H (U & o kbl SHEE S N, T65 D
efl »6.7H (T65Efl & D) LD KkEoT F
HS 27635 & Uf HS 1690 Btk bl S {3 8 = 2 33T L
THY, ef2 BLU efl-h IZEEHIZITEA s K
IER VR EZ SN, of2, efl-h, B XU efl DBVG
RS BB F R R &R E o T2, D
D EIE TN S 3BT A RO T o AR
(PPP) # Mk X g 22 L DI L 2R L T 5.,
i, 1 E ST Tl A R S B Yt R10 L iR
P58 Ehdl HFHEES #1720, 2 ORE T3 FALE B
F ORI A 5 EfI & FUEDIGTTH B EFHE L LS.
L L, Ehdl OFBUTE A TIo BV TlEH ) Xa%
L, BHAG T B TRBEEE L CHPTH2 L,

C) HS169xEL30

70 -

60 - EL30 HS169

~ S o]

50 S

10 n=277

7 Gimbozt Early : Late =210 : 67
30 - x?(3:1)=0097

>
P=0.755

20 \1/
10 HI II
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D) HS169 % T65
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Fig. 4 Frequency distributions of days to heading in the F, populations from crosses of HS 169X Gimbozu (A), HS 189 XLR
(B), HS 169 XEL 30 (C), and HS 169X T 865 (D) under short (1 0-h) photoperiod. In the F, of HS 169 XLR, plants with
a genotype Pgi2-1Pgi2-1, Pgi2-1Pgi2-2, and Pgi2-2Pgi2-2 are indicated by black, white, and gray bars, respectively.
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Fig. 5 Frequency distribution of days to heading under a 10-h photoperiod in the F, populations from the crosses HS 276 X
LR (A) and HS276XHS 169 (B). In the F, of HS276XLR, plants with a genotype of Pgi2-1Pgi2-1, Pgi2-1Pgi2-2,
and Pgi2-2Pgi2-2 are indicated by striped, white, and black bars, respectively.
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Fig. 8 Heading response of two mutant lines, HS276 and HS 169, the original cultivar Gimbozu, and two heading-time tester
lines, T65 and TE5Ef1, to transfer treatments from long photoperiod (24-h) to short photoperiod (10-h) at various
times after sowing. Two parameters, BVP (the duration of basic vegetative phase) and b (the regression coefficient
during photoperiod-sensitive phase) were estimated by non-linear regression analysis.
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