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Research progress on synthesis and regulation mechanism of
Torreya grandis ‘Merrillii”  kernel oil

HE Ciying'?, LOU Hegqiang'?, WU Jiasheng'?

(1. State Key Laboratory of Subtropical Silviculture, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China;
2. College of Forestry and Biotechnology, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: Torreya grandis ‘Merrillii’ is one of the precious economic tree species with high nutritional and
medicinal value. T. grandis ‘ Merrillii’ kernels are rich in nutrients such as oil, protein, and vitamins. The
main components on 7. grandis ‘ Merrillii”  kernel oil are fatty acids and their derivatives, which play an
important role in reducing blood lipids, antioxidant and preventing cardiovascular and cerebrovascular diseases.
In the past, studies on 7. grandis ‘Merrillii” kernel oil mainly focused on the composition, extraction methods
and functional characteristics. With the development of forest molecular biology, more and more studies have
been conducted on T. grandis ‘ Merrillii”  kernel oil synthesis and regulation mechanism, including the
excavation of anabolic pathway for oil synthesis, identification of key genes for oil accumulation and special
fatty acid synthesis, and construction of regulatory networks. This study is to review the current research status
of T. grandis ‘ Merrillii” kernel oil, including studies on fatty acid composition, oil quality, oil extraction
methods, and oil synthesis regulation mechanism of 7. grandis ‘Merrillii’ kernels, so as to provide ideas and
methods for the later development and utilization of 7. grandis ‘Merrillii”  kernel resources. [Ch, 1 fig. 2 tab.
58 ref.]

Key words: Torreya grandis ‘Merrillii’; kernel oil; synthetic pathway; molecular mechanism; review
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FFHME Torreya grandis ‘Merrillii” N4 G AZH} Taxaceae HEJE Torreya F¥), EMEW Torreya grandis
()75 S A 28 Tk ST TR L it R 20 AR R kit i IR, A KA [E R O O TR A HL X
AR VL5 28 mAESEE G . FHEMCR22 0 TR, WisS R, JUHE & SMIREZ I
REVEZ AR AR , X TR Ok LA B I6 v KRB AR 5% O T BT 8780 T
BRI SE LA SE AR . SR IO B TN RERR RS e AR, FHEMAR 1Y 2 T IR AL S BT
W . WA UM DG R PR R — S SC SR S R - X AT AR & 1™ A AR, BE T, AP
HERRA 75 3% B 43w (R B S A ORI MU AT T 2838, DUME A B HIESH AR AR BE T & AR R (S %

1 A e i 28 i B e Bl &

TR O . P E R, X FES S T R EE N ORe AR AR R . e
1= RN 42.67%~61.47% . FAERM 5 A5 W IR 05 T2 AN AT I R, G v LIS AR R D5 2 R 32
FEON IR . TR IARR s TRUFN AR D7 R LA 1L g R FAE AR R R = BRIRTEAES phoE R . M@ Fh
JE T R 4 R AP ) T B 25 5, A Al AN TR RN g D PR 5 it o7 BB T PR 5 R P LU R 76.190~82.0% . ¥
THES K. Glycine max, {64= Arachis hypogaea WITMFEIEAT HLHE, HAR MR B 4r a0 1 iR, FHERp
SEHRIARRIR . RERRER . YRR . WUIR . bR RIS R S K AT FZEIR IR F R A
HEFFOERRIR  AEATR . AREEIMIR S EISAN TR . B PR RIZEAR IR & i 5 A A v i) 1L i PR N 4 P
fig & it TR EAGEAE T R & i SRR & St = TR G REA . [FIEE, A 3T a5
BAVE S KGR A AT, U HeAE AR T . X UL AR BRI R S TR E S, R — M A
TR

x1 BFEKE LERBEHERASFIBLMERFTEE

Table I Comparative analysis of fatty acids from 7. grandis ‘Merrillii’ , G. max and 4. hypogaea

WA 12/ %

Yy Fp :

FrAE R Tl g R TR QAT AV JFRER AR e —WlR EAUINY
T HE 7.45~10.24 3.24~3.45 26.00~35.52 39.60~41.90 0.33~0.65 0.18~0.39 0.66~0.94 9.13~12.96
K 10.20~12.15 3.24~4.15 17.29~46.84 33.43~57.80 3.86~8.76 0.26~0.38 0.18~0.30 0
1E4E 5.26~13.76 1.73~6.49 36.97~82.20 25.18~44.60 0.05~0.58 0.90~2.61 0.63~2.45 0

BRAR 2 it/ %

il - - - . . POEgEEs €) Bk mg gl B(e ke

ITEoivd A AN FIRg TR B TR
A 12.20 0.01 74.10~82.00 42.67~61.47 1.4717 189.46 1249
KT 0.00~0.40 0.10 84.70 18.60~23.28 14729 190.60 1300
iZas 2.23~4.77 0.60~2.10 84.40~54.50 37.90~55.40 1.469 1 192.10 934

Uil R 1HdER FSCRRTG, 8]

FHERD S AT AR S A AN R R B B kA8, RGN iy R L. FHEM AR K E
BHH SR A W25 25 5, RAEEWHG NG BT B TR S bR ARG D7 R S B A D S
PP AW . EEASEN YRIE T A HEANM AR S AR . AR S S LR A PRV PR SR Y
AR, K ERER SR K AT R MR & 35.65% WK R 54.50%, EMAGE R AL i
WA X MRS IS TR0 . IRIRAL A A EA T 9, R EMERR A R R 5.6%.

FHEA FE RIS & AR o RMEEARZ ST | R | B2 2T L1 5 R[] 7 ) A AE
HEAEETT . BBNiIR . AEE WAL . Z2W & BT, KIS H X EHERR e 4L LRI, (25
WA AN DL IR & B, N 53.16%; WiTLIRIN FAE IR & s s, 3k 47.05%, #T
VLIE AT R & it RN RN DT R & i fe e, 90l oA 37.54% #11 38.03% .

FHEMAE & 2 S RS A KR B VNG . B IR = B T, BRI & 2B IE A B 3
(EFMEF L Ak IR . TR AR . IR A ISR A R R T . AR R AL S
T AR . RIS AR R AR L IR SR A R AR A U HU A0
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o LB B VERX A Y B R AR & U= A B IER . ZHANG U WF5E R0 . it/ 22
Triticum aestivum F& 1A= 4 5 AF TR 338 v 2 B v 5 HIEAoh S 1740 o R 38 22 14 o

2 BB EHREHR—E R R

WMRR B A5 R B0 . B AHERAM I rT A2 JE BT 91348 K (prostacyclin, PGL) & i, 0l il i ke &
(thromboxane, TXA,) 73, MIIBGIG Sk RERE 1k . FAHERR P ARG 5 R 34 1T LA R I3 ) = 1k 2
H M (triacylglycerol, TAG) /KF-. KHATTAB S5 WF5¢ T H AME Torreya nucifera W RGN % K B Rattus
norvegicus FFACEVER, & IZAR TR n] LA RURFEAR R BUFFIE & L3 - 9 TAG AKSF, ARk
SRR RIS . A AERR A B LA LD, CUI SE7 5T T B A [R) & Rl Bg B IR IR A1 A . B4R
AT P R R 2 TR S PR, T AR R AR N R O A B R A B A A I P R 2 IR T D
Wt

4 PABR (sciadonic acid, SA) & & MEH AV R R BT IR , J& T — T ik = /& R (eicosadienoic acid,
CyoH340,) 0 BN FLAAAE TR ALY (A1 0 w223 oK Y SEde B b, DB T H)
HIFR T 2R TN R A TR T A B AN R B B Y 8.65% . A FAERXT K ER AN I g 2 A i 2 A E Y
YER, BEIW I A 05 2 Bl (FASN) B934, DA S0l e ek 7= A= POV, AR 34 T 3 2ot 8 0 1
T8 =R A R A0 Hh = BR 0 S AR, 15 HepG2 4 H b =R i B Rk 07,

3 AR T T ¥ A EAE AR & R

AR PR WOE A MR B R AE RS FE rh, 23058, OEIE . B Ko @B TERRN I, $
SN R > TARITRR A 1 A2 . A A 42 s AN AR R , 0 TR e Tl 5 A A S Ak
BRI, 51 R A AE RS2 0 B I o i i S A (R R AR TR o S 11 i A e AR 4 A TR O i JS 8 4 ) o 2
Ei: I

WA ARG T AN [ B R 7 3Ok A MR i S A, K B A A A o B T SR P >R T 1
AR m AR TR B A A R, IR R BRI, A BT AR i A v e A
A<, DT e AR ™ i i 5 0 BERRAB A Pl BEAT 1 UCHEIX, SAL50 2 WX A LE, BEAREZES 18] L
PRAEMESS PR, REIREI—FEAVRCR, GRAIERHE™ & AP KL AR ST, ZHOU A58 AR A B . (il 2l id
SN AR AN (FAD2) A=W BANS /0 i Jot et S P oA B v AN TR MU M PR 55 45, T B o A HIESR: i 180
R . ZHANG S0 PRFE T il B FIAR XS BE X R Jm A HE AR A9 5SS ELR0 0, e B R P b B 2 S B0y
RS G RS  ORAREBOELE 20 °C, AHXRREZ N 90%, FTLISEZ R iA L, $Emimisa .

B B R B AR T Rk, RO A AL (A R IO A R R BE A3, A M Al &
AR A ARG . FE BRI R I AR WA e I 2 K . By di e o, LIRS
B R AR . B S50 A HER AT AN RN T3, HeB o 1 A AR B S S R AR 5
e BN IS T2 A A TR B A AR A, D AR B IR ORE B 3 T TR, BRI Ik 0.767
mg-kg o B FLAER WFFE TR T AL B AN SRR, A SRE AR UKL B I ] A SE A, A R B4R
Y B T REE I LR, BRI HX AR B 90 min B, {H K A i 55 2 SRAR I N A AT 528 AR 1
W, PRI A B R B i 1 A METh (9 S AL eIt Ta], FEZRad 120 A1 150 °C AU s BE A, 4qk
VEIRI 2B 2 BT, PR BTl RE S K A 1 A S

4 B IR B BUT %

FURG, A ARl iR B IR0 1 2047 . JRZE AR A LV BB A I 55— A A i A X
%o KFRTFBEIEAR B INT I AP R UK BRSPS AN Tk B B R e i, ks
SORPRE AT, R BEAE VR SRS WS 2T IR R, (H AR R R K el il AT RE IR N
gr o AL R UL AR A ML A 22 PR I A i, A7 iR ImD SO RDME | AT BILI R 5 B A I)
B, T AR — R T I S — SRR AE IR0, 5 X R B A AR R VA VR T EA T N o, O IE BA
BAERRIE  Joi ok B AR AP RN AEDT R I S AR A AR B K 28 AR IR S R AE S MR Bz
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iy, R BRI A AR ZE ORISR IR 17.5%, 7P B F R KRR MR IR,
7.7%, FEYIREREE CEVITERGIR . rT0, B R AR BOEARR o e A, HE A A
WS B o A MR IR O BT T A2 B AR IBOT A I 2 B

x2 FEMCHBERRABTRERG X

Table 2 Recent publications on the extraction and analysis of oils from 7. grandis ‘Merrillii” kernels

UEAEES B AT I B SCHOR
FEHEF Al 54.39%, 175K 1d J5 &
FERM ST VR, SIS E%%afi ! T g

TG & i 42.67%~54.39%, NEWTTR 4K
DA BRI AR Jy 3

AR S BRI N S, MES
AR &, IR AN 2 b Al

FHEM A . BRI SEAL M A & 12 Fh
HE I R AL 1l 5 G I R

HPURAET 20 K730 MPa, JEE 50 C.
HHE 2 h, FEBCRIK 16.2%; FHEM HE  jpaesss)

L AR o o ot 5 L i T s R ARG iR AT

FHERM AR BRI B AT RICHER ;A AT

R

AR AR A B SR RR AL L, IR S G- BT ST A
I COy MMAEI; <A

FHER BRI AR o e

B2 10 AR iR
e b MG COp WMAEG A6 MIGFAEBNR M E 2y 16.21%, <A@EE-
FRHERH RN TSI 7 B - RS BT I R AL S

5 FAERE TR A pk AR B T R AL

DING %55 % 10 /NAS [R5 S A i B EEA T ALy, S5 175 > 5 FAEM G A= 90 A Ok 56
FIFER, JFEEH T AAEMAE A & B a & s, WE 1 R, FERHEREHF A Y, LOU S5 i bt T
SRNFR I A BGRFE S HOCHE A BB . MR FNE BRFRTE C o A°-BR TR K il (C 3A°-elongase) FIFEH T4
Ak IR IR ik =GR 205, PR CARIRTE CooA-NR TR KA RN (CyoA’-desaturase) HIFE
AR R

/ P2 (pyruvate) \ "{”@

T B %, @_\
l (PDH) / 2
!

i R E A
LA A (acetyl-CoA) - i
(ACCase)

l/w i A AL WREE  (TAG)

. 3 o (oleosin)

P4 [k 4#EE A (malonyl-CoA) \f/
N I LR
(ACP) / \
R = -AC S B RS RE | WS RS b R

B FE A E ) (malonyl-ACP) Bt L BE R | RS RS Hh i AB—RR (18:1FO)

(DGAT) [ (PDAT)

,,/ R RIS (FAD2)

B i R R — BSRE .
=Rt (DAG) “M(‘(["P(T‘) : > | PRI (182 IV i 2= 1A (FAD3)

i~

|

! T NS RO Tk WO

d T‘ Frm lm—ww I (Elongase
I

|

PAP) o
i Q( /B =5 (18:3-PC)
SR 1A 2 I A B WEIRER (PA) .

20:2-PC)

s ks (O (FATB) 1 A LT I PR i e R i
PRAEER (C16:0)---_ 175 7 <= L R
B-THfE \n-A\Cf‘/:“T‘?&( R KBERE L 40T A O R Cl(\~(|318 H%ms/T (LPAT) lum % L MURIEG (Desaturase)
(KASIT) . (LACS) 4 A W IMLBERR (LPA) L .
IR (C18:0)- 7 \ o PR AER (20:3-PC)
\ A -3 TR R A A R (BIEEAAER)

Y Mwuu‘“\k(s;l‘)‘ o7 WAL AR B AR A \\\_// (GPAT)
\)\ fi R .MMZ((\‘LIS:U/ (FATA) (& / KU“JW-B-%M(glyceml-3-l’) /
B 1l IR G sl % 1Sk B SCHER[8—9].
B 1 AHERG Iy BR A 8 %
Figure 1 Fatty acid biosynthetic pathway in T. grandis ‘Merrillii’

DING %8 BF 58 & . ZFHE PDH [A]J5 £ K () BRD_TGR20275 F1 TR56397-¢0 gl il 43515 R F1 —
Tk IR 2 A OG, 3R] PDH AT BB/ D MR AR AR R . ACCase J2 IR & IR 12 W1 46 A0 JR N
PR, HAT, /MNE . EK Zea mays. $LWiI¥ Arabidopsis thaliana %5 /EY) ) ACCase T 9 %5 2 1,
DING %5 X AN ] by it 14) B ME Ao S 201 FL ARG ;AL 43T, & B ACCase 19 BC 3R BCCP 35 5
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BRI A A Y

GPAT /& 15 Je M iR A2 265 1 S 1 G B . R0 05 ™ & B GPAT7 Fl GPAT9 2 54U Fg 5v F 1
TAG A S — BE AN RN G B R A9 & BRI o XSS 98 & 8 . H W6 99 32 Brassica napus 1
GPAT6 A LA AR 40 g I Fl 7 R B R A3 (4 L9 o B2 7 f ) e 58 4628 T TR A IR S 8 il 35k [N 3k
SRS A S A T A B . GPATO 7R BLR Y 3 N (R4, RS, R6) HYF-H Rk &5 &l
B EIEME, B WA GPAT RN, (HHAIEME GPAT FPRXHm AR A L r I M LA CB i A 2
REM ANTEEE

ARG 1% H v BE L A% AL Bl (PDAT) A E H I -O-B L R il R R4 (DGAT) 243 B T4 e #h
TAG EW)A B 2 Fh 3 B EESL L RIS, SR, X 2 FhELE TAG =9 A B b B AR X 5Tk i AN
DING 5™ W58 K L. PDAT SAHEMAG & 1 ¢ R Lk DGAT B 5%, X R B PDAT XMl R A sTmk kK
T DGAT. DGAT X F1F Z 1 TAG AW A& it e 2] 8 ZAE H . JAKO 458U 72 U g I rh i R ik
ADGAT, RIVEFEF T &K B o B BRI DGAT A L EF AR BRE T 10%~70%, FF H At 17
T E MR MFF TR E . DGAT2 78 TAG M4 h ik FEtk B B Z AN RIIR IR . 724575 Perilla
frutescens FMH L Nicotiana tabacum Wit 261k DGAT2, 0] {di A FIG G 2 & & s, 1 RIE R & &
TREET,

SAYANOVA 5" it 57 & B . FEFEFE L P A, C gA°-elongase 5 C,pA’-desaturase ) 33 ik
FEOKHER (SA) M7r=4 . WU EWIXTEME T. grandis  “ Yuanfei” FIHE T. grandis ‘ Xifei” R tiTi%
SEAM R, 4 F 2 M 14 CyA-desaturase, 1 1 24> C gA’-elongase; F- K [5] HE FI 40 AHE H (1) CpeA°-
elongase i1 44 N TgELO1 Ml TgELO2, KIS H W OELOY H2il, IR 2 MFHAEL A3 (L-H-X-X-
H #l M-Y-X-Y-Y).

TE R IFH, Oleol P PR H i A A, J0 I H 38 2 S 8k B k728 KB, CROWE
GOV BT R IR R IATE R E L2 B RS ABI3 (91T . PASARIBU 5P A5 R . 7E
KR4 W Escherichia coli i 3635 5B Pinus massoniana {MRFIBEEE F,  HIE RLA I LR SR80 1A
K, FEBIE X = {5 WAl A SE s A0 A FE BE AR 1. DING 250 BFgg & B FE A & 7 ad R R b iR 1
SERIBE FIHES TR R Rk TgSLO1 22 3 BEM AR ROT A2 KRB0

B S AR BR B A SRR RO T R AR E AR . B Sk WRIL ZE 3 IR B 28 07 /R FH 8. 3%
WRIT 52 3| N Ei R 4 W (PKp-B1). ACCase Fll KAS % T3k R g8k a5, LIU %09 iF 58 & B 7E3
Irhad ik WRIN F AT LISE ARG IF (O Fp 1 B A Sl . R SR AL, TeWRIL 5 R HR & A
T3 [ G BEl 1 2eA  RUAOG, B TgWRIL XM AR Y IR /E A fRiE— 2 50EY ., LBD RN RIEAES
516 E Z AT G Sy R B R, (HAE R Ih AR A S /R i AR AT, LoU AP oY K
M. TgLBDAO W REiE A 1815 AR 8 Z XM AR & A TR T, B ERI R T i ik TgLBDA0, K IV H
Fh &t 2 TE LR, TgLBDAO o] LA ET 45 TgDGAT! JR 8 7454, BFE S TeWRN 454 —EiE
TgDGATI 3K

6 Hiw5RE

FHES A FE AR, EAT GEREERYIR, AERNEFMENIT LS. BEH A HER
TR BRI, AHER 8 IR R A T AR, LIS T 2 ARk o RIS A
ol SR T DA 4R o A MR ) i - SR AR HE BTk 0 T BRI AR A IE 5, I a0 A A B i
WAL, BIE AR 4RO i, FEIEHERY 0 FIREEALH], ARaS X B AR IR R — E AR AR
e ST HEY R B A TR TR R R B, it — 20 e s AR A ) SR IBOSRABIE 5 7 AT T
AR THLR B T RAFBIAAFAE 6 o Al e F A AR A€ T 25 Bsi /D A AR 0T AR, SN Az
b B WA RN B PR A ) TR REATS 5 i 2, 7 EEIR AT B AR AR A S BT 1% o 4w T LA i B2 24 Y
WA 26 1F, AN B R A ™ R AT RPN S-HOBT B A IBGAGR] | IR A B 12 7 S i IR )
PR i ie G AU S LI R A RIL, ISR RN T Z I R AL R,
SR ) 0 IREEALE, b il & A A HE A Rh IR OLIERY . Aok, BT B ARG L F AL IR R A W oe



55 40 55 4 1] TR A e SO R HL R 5 2 719

Y
=]

e A R 42 OC Sl 5 B AR AL e AL BRI ILEE &, S Sl A O R A i B F, X IF

AR A AR AP BT IEAT 2 BB R

7
[1]

(2]

(3]

[4]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

%% Wk

CHEN Xiongwen, JIN Hangbiao. Review of cultivation and development of Chinese torreya in China [J]. Forests, Trees
and Livelihoods, 2018, 28(1): 68 — 78.

REREH, BT, REEAE, A5, AR TR oM BB ST [T]. #iTTARABE2A4, 2005, 22(5): 540 — 544,

LI Zhangju, LUO Chengfang, CHENG Xiaojian, et al. Component analysis and nutrition evaluation of seeds of Torreya
grandis ‘Merrillii”  [J]. Journal of Zhejiang Forestry College, 2005, 22(5): 540 — 544,

WRARtl, Bl R, AR ES, 2. AT S v s bk e R AR i 52 L. R 2544, 2000, 23(9): 551 — 553.

CHEN Zhende, CHEN Zhiliang, HOU Lianbing, et al. The preventive effect of the oil from the seed of Torreya grandis cv.
Merrillii on experimental atherosclerosis in rats [J]. Journal of Chinese Medicinal Materials, 2000, 23(9): 551 — 553.

ZRLL, 5KER, XUIE AT, 4F. AR B RO B SIS RRALA AT O], P R 2441, 2012, 27(5): 65 — 69.

LI Hong, ZHANG Lu, LIU Yanqi, ef al. Analysis on physicochemical properties and fatty acid composition of Torreya
grandis oil [J] Journal of the Chinese Cereals and Oils Association, 2012, 27(5): 65 — 69.

WA ts, ARDLET, Rk AR, 2. [ AE R AR o i SRR IR A (0], P R 252508, 1998, 44(8): 456 — 458.
CHEN Zhende, ZHENG Hanchen, FU Qiuhua, et al. Determination of oil contents and fatty acids in seeds of Torreya Arm.
in China [J]. China Journal of Chinese Materia Medica, 1998, 44(8): 456 — 458.

T, RN, G B, A5 FAER R TR AN BT e R (7], R, 2016, 37(17): 252 — 256.

YU Mei, ZHANG Chuan, ZENG Maomao, et al. Recent advances in research on oils and proteins from Torreya grandis nuts
[J]. Food Science, 2016, 37(17): 252 — 256.

CUI Hongxin, DUAN Fangfang, JIA Shanshan, et a/. Antioxidant and tyrosinase inhibitory activities of seed oils from
Torreya grandis Fort. ex Lindl. [J/JOL]. BioMed Research International, 2018, 2018: 5314320[2023-03-20]. doi:
10.1155/2018/5314320.

DING Mingzhu, LOU Hegiang, CHEN Wenchao, et al. Comparative transcriptome analysis of the genes involved in lipid
biosynthesis pathway and regulation of oil body formation in Torreya grandis kernels [J/OL]. Industrial Crops and
Products, 2020, 145: 112051[2023-03-20]. doi: 10.1016/j.indcrop.2019.112051.

LOU Heqiang, SONG Lili, LI Xiaolong, et al. The Torreya grandis genome illuminates the origin and evolution of
gymnosperm-specific sciadonic acid biosynthesis [J/OL]. Nature Communication, 2023, 14(1): 1315[2023-03-20]. doi:
10.1038/s41467-023-37038-2.

HURRE, RER, Ml R, 5. A AR5 Ih BRI i A i BRAG P 5T IR 5 9 23 A (0] W E ARz e 2741, 1989, 6(1): 16 —
22.

TIAN Jingxiang, WU Meichun, ZHONG Shanmin, et al. Physical and chemical analysis of ths seed of Torreya grandis Fort.
[J]. Journal of Zhejiang Forestry College, 1989, 6(1): 16 —22.

FHHY, SR, P A, A5 AR SE A S AR KRV TS ) S sh AR (A [J/OL]. b g, 2022-05-
26[2023-03-20]. http://kns.cnki.net/kcms/detail/61.1099.TS.20220525.1939.010.html.

WANG Meijuan, MO Runhong, ZHONG Donglian, et al. Dynamic changes of lipids and liposoluble substances in Torreya
grandis kernel at late growth stage [J/JOL]. China Oils and Fats, 2022-05-26[2023-03-20]. http://kns.cnki.net/
kems/detail/61.1099.7S.20220525.1939.010.html.

WS, T, R, S AN [ SR MSRE R R R IX T O 7 HE A IIX S G B B 2 (0], Blk B, 2017, 53(11):
43 -51.

YE Shan, WANG Weiyu, ZHOU Minying, et al. Effects of different harvest maturity and after-ripening ways on the
harvested quality of Torreya grandis ‘Merrillii’ seeds [J]. Scientia Silvae Sinicae, 2017,53(11): 43 — 51.

RIER, WS, MR 55, A N[ M A AR KRS 2 20 20 (0] el S HLK, 2021, 37(6): 62 — 68.

ZHU Haidong, ZENG Maomao, HE Zhiyong, et al. Effects of origin on the compositions of essential oil from fresh aril of
Torreya grandis cv. Merrilli prepared by hydro-distillation [J]. Food & Machinery, 2021, 37(6): 62 — 68.

PIVINEL, JEIEE, WA RS, A5, ANIRIHRON AR - A M LR K78 5 it BT 52 (0] R824, 2019, 36(4): 476 — 485.


https://doi.org/10.3321/j.issn:1001-4454.2000.09.021
https://doi.org/10.3321/j.issn:1001-4454.2000.09.021
https://doi.org/10.7506/spkx1002-6630-201617042
https://doi.org/10.7506/spkx1002-6630-201617042
http://kns.cnki.net/kcms/detail/61.1099.TS.20220525.1939.010.html
http://kns.cnki.net/kcms/detail/61.1099.TS.20220525.1939.010.html
http://kns.cnki.net/kcms/detail/61.1099.TS.20220525.1939.010.html
https://doi.org/10.11707/j.1001-7488.20171105
https://doi.org/10.11707/j.1001-7488.20171105
https://doi.org/10.13652/j.issn.1003-5788.2021.06.011

720 WroIL R R K A R 2023 4E 8 H 20 H

SUN Xiaohong, ZHOU Jin, HU Chunxia, et al. Effects of different altitudes on seed morphology and nutritional composition
of Torreya grandis ‘Merrilli’  [J]. Journal of Fruit Science, 2019, 36(4): 476 — 485.

(15] Fh/INEL, SRR, ERR, 25, BT 2R 1Lty A AR 7 IEAK SRR 58 5 FBAEAT it S5t A7 [0 ] DU 2 R (B~ i),
2020, 66(1): 87 — 94.

SUN Xiaohong, HU Shaoquan, WANG Guofu, et al. Analysis of Torreya grandis seeds quality based on soil environment
survey of ancient and new Torreya grandis forests in Kuaiji mountain [J1. Journal of Wuhan University (Natural Science
Edition), 2020, 66(1): 87 — 94.

[16] HU Yuanyuan, ZHANG Yongling, YU Weiwu, et al. Novel insights into the influence of seed sarcotesta photosynthesis on
accumulation of seed dry matter and oil content in Torreya grandis ¢ Merrillii’ [J/OL]. Front Plant Science, 2017, 8:
2179[2023-03-20]. doi: 10.3389/fpls.2017.02179.

[17] ZHANG Rui, ZHANG Yongling, SONG Lili, e al. Biochar enhances nut quality of Torreya grandis and soil fertility under
simulated nitrogen deposition [J]. Forest Ecology and Management, 2017, 391: 321 — 329.

[18] KHATTAB R Y, ARNTFIELD S D. Functional properties of raw and processed canola meal [J]. Food Science and
Technology, 2009, 42(6): 1119 — 1124,

[19] TAKAGI T, ITABASHI Y. cis-5-olefinic unusual fatty acids in seed lipids of gymnospermae and their distribution in
triacylglycerols [J]. Lipids, 1982, 17: 716 — 723.

[20] WOLFF R L, LAVIALLE O, PEDRONO F, et al. Fatty acid composition of Pinaceae as taxonomic markers [J]. Lipids,
2001, 36(5): 439 — 451.

[21] WOLFF R L, LAVIALLE O, PEDRONO F, et al. Abietoid seed fatty acid compositions: a review of the genera Abies,
Cedrus, Hesperopeuce, Keteleeria, Pseudolarix, and Tsuga and preliminary inferences on the taxonomy of Pinaceae [J].
Lipids, 2002, 37(1): 17 — 26.

[22] JAMIESON G R, REID E H. The leaf lipids of some conifer species [J]. Phytochemistry, 1972, 11(1): 269 — 275.

[23] MONGRAND S, BADOC A, PATOUILLE B, et al. Taxonomy of gymnospermae: multivariate analyses of leaf fatty acid
composition [J]. Phytochemistry, 2001, 58(1): 101 — 115.

[24] EKMAN R. New polyenoic fatty acids in Norway spruce wood [J]. Phytochemistry, 1980, 19: 147 — 148.

[25] ZFmE, RIS, TKRE FARRFM AR XA B A (1], rh DR A= 4, 2011, 26(6): 52 — 55.

NIU Liying, WU Xiaoqin, ZHANG Ying. Analysis on fatty acid and unsaponifiable matter in Torreya grandis var. Merriii
seed oil [J]. Journal of the Chinese Cereals and Oils Association, 2011, 26(6): 52 — 55.

[26] WOLFF R L, PEDRONO F, MARPEAU A M, et al. The seed fatty acid composition and the distribution of A5-olefinic
acids in the triacylglycerols of some taxaceae (Taxus and Torreya) [J]. Journal of the American Oil Chemists’ Society, 1998,
75(11): 1637 — 1641.

(27] R, oo, T3k, 4. GAAMRXT Hep G2 H-m = &8 BRA 2 M L], v R Ih 2741, 2022, 37(11): 191 — 198.
WEN Sisi, LU Yuanchao, DING Jue, et al. Effects of sciadonic acid on triglyceride accumulation in HepG2 cells [J].
Journal of the Chinese Cereals and Oils Association, 2022,37(11): 191 — 198.

(28] BEMkHy, SOHEME, BROUE, 55, N T 20 AR I E AL AT PR 2 (], DR, 2011, 26(5): 42 — 46.
GE Linmei, GAO Haiyan, CHEN Hangjun, et al. Effect of processing on lipid oxidation and antioxidant ability of Torreya
grandis [J]. Journal of the Chinese Cereals and Oils Association, 2011, 26(5): 42 — 46.

(29] IRZSHN, SedRbk, SRR, 5. WA A L M AREE S PERBTSE 0], v RN ~24E, 2019, 34(3): 67 - 73.

ZHU Jieli, CHAI Zhenlin, WU Cuirong, et al. Comprehensive research on the quality of Torreya grandis and its oil in
Zhejiang Province [J]. Journal of the Chinese Cereals and Qils Association, 2019, 34(3): 67 — 73.

[30] ZHOU Minying, SONG Lili, YE Shan, et al. New sights into lipid metabolism regulation by low temperature in harvested
Torreya grandis nuts [J]. Journal of Science Food Agriculture, 2019, 99(9): 4226 — 4234

[31] ZHANG Zuying, JIN Hangbiao, SUO Jinwei, et al. Effect of temperature and humidity on oil quality of harvested Torreya
grandis cv. Merrillii nuts during the after-ripening stage [J/OL]. Front Plant Science, 2020, 11: 573681[2023-03-20]. doi:
10.3389/1pls.2020.573681.

[32] W7, Bk, SHIRIN, 55, AR J7 2EAEA S  BANIAG & BT FeB o i L] VAR MROR 25741, 2022, 39(1): 22 —
31.


https://doi.org/10.13652/j.issn.1003-5788.2021.06.011
https://doi.org/10.1016/j.foreco.2017.02.036
https://doi.org/10.1007/BF02534657
https://doi.org/10.1007/s11745-001-0741-5
https://doi.org/10.1007/s11745-002-0859-5
https://doi.org/10.1016/S0031-9422(00)90002-5
https://doi.org/10.1016/S0031-9422(01)00139-X
https://doi.org/10.3969/j.issn.1003-0174.2022.11.027
https://doi.org/10.3969/j.issn.1003-0174.2022.11.027
https://doi.org/10.3969/j.issn.1003-0174.2019.03.012
https://doi.org/10.3969/j.issn.1003-0174.2019.03.012
https://doi.org/10.3969/j.issn.1003-0174.2019.03.012
https://doi.org/10.11833/j.issn.2095-0756.20210304

55 40 55 4 1] ZERAT A S SRR L A 2 721

YANG Lei, ZHAO Di, HU Yuanyuan, et al. Comparative analysis of aroma components and oil quality of Torreya grandis
‘Merrillii” nuts with different processing techniques [J1. Journal of Zhejiang A&F University, 2022,39(1): 22 — 31.

[33] L, SR, ki, 2. FAk BRAS AR A A3 it ST SR TS (0] b DRI~ 412, 2021, 36(4): 70 — 75.

LUO Fan, GUO Shaohai, DU Menghao, et al. The effect of pretreatment conditions on the quality of Torreya kernel oil [T].
Journal of the Chinese Cereals and Oils Association, 2021, 36(4): 70 — 75.

(341 sKIAR, d Ao, TRk, 55, me Ry i U0 A Ol B K 28 iR SR G R i 1.2 (0] fb ok, 2020, 3904 T1)2):
291 —299.

ZHANG Yuanyuan, MENG Yongbin, ZHANG Lin, et al. Optimization of microwave-assisted steam distillation extraction
of Cinnamomum longepaniculatum essential oil by response surface methodology [J]. Chemical Industry and Engineering
Progress, 2020, 39(suppl 2): 291 — 299.

[35] DA, B LIk, ZEA8. I S COL IR AR ORI B SERF I T A PROLAL L] Ak TR, 2009, 25(5): 253 — 257.
YANG Qingli, YU Shanlin, QIN Song. Optimization of technology for oil extraction from Kosteletzkya virginica seeds by
supercritical CO, fluid [J]. Transactions of the Chinese Society of Agricultural Engineering, 2009, 25(5): 253 — 257.

[36] BRUNNER G. Supercritical fluids: technology and application to food processing [J]. Journal of Food Engineering, 2005,
67(1): 21 —33.

[37] KW, ¥4, £ 0L I COZE L /K 28 AR R 2 FE A SR B Ak~ i F 5 (1] MOl BHE T &, 2009,
23(5):36 — 39.

LIANG Yugqing, LUO Jinyue, WANG Beibei. Study on the chemical constituents of the extractive from episperm of Torreya
grandis by supercritical CO, and steam distillation method [J]. China Forestry Science and Technology, 2009, 23(5): 36 —
39.

[38] 4408, 1M, 25°F, 2. FME(Torreya grandis Fort. ex Lindl. YFf—F (il 2047 [1]. BN K2F244R (A SR RRE R, 1982,
27(3): 324 - 328.

YU Xiangyu, FENG Yaonan, LI Ping, ef al. Analysis of oil in the seeds of Torreya grandis Fort. ex Lindl. [J]. Journal of
Hangzhou University (Nature Science), 1982, 27(3): 324 — 328.

(391 BRE, sk Ao, BORK. FrAERFIM YRR Im S AR IO R TR AE I H B o3 it o LI rh DR ~41E, 2013, 28(2): 33 — 36.
QUE Fei, ZHANG Xinghai, ZHAO Lin. Extraction of oil from Torreya grandis cv. Merrilli seed with supercritical CO, and
comparison of its fatty acid with other four vegetable oils [J]. Journal of the Chinese Cereals and Oils Association, 2013,
28(2): 33 - 36.

[40] XA, TR AR, BEEE ). A7 I SR A IO ) UM (-l 2B L0 b4l B, 2013, 52(1): 186 — 188.

ZHAO Lin, ZHANG Xinghai, YU Peili. Analysis of volatile components extracted from Torreya grandis with supercritical
fluid extraction by Gas Chromatography-Mass Spectrometry [J]. Hubei Agricultural Sciences, 2013,52(1): 186 — 188.

[41] 222, 2/ 0P, TR, %, SEAE AR LM ) 25 14 D RE S & N A B 5E 2F J D). “ZRekoll B4, 2010, 38(35): 19893 —
19896.

GONG Ying, PENG Shaodan, WANG Qian, et al. Research progress on the structure function of acetyl-CoA carboxylase
and its genes [J]. Journal of Anhui Agricultural Sciences, 2010, 38(35): 19893 — 19896.

(42] HBERTT. FARGIT HIN-3-BEIRIE I HE AL A0 =L (GPAT 6, 7, O TEFI IR & B 4 £ P A/E T (D). Miat: /e
HAOL R, 2013.

HAO lJingfang. The Functions of Three Genes of Glycerol-3-Phosphate Acyltransferase (GPAT 6, 7, 9) in Regulation of the
Seed-oil Content and the Salt Tolerance in Arabidopsis [D]. Nanjing: Nanjing Agricultural University, 2013,

(431 XUHE, M BB, 8205, 46, HEANMER2 D GPATOIRIJFRE R 1) ve b 5 33k 7 i L] AEH° 741k, 2014, 40(7): 1304 — 1310.
LIU Cong, XIAO Danwang, HU Xuefang, et al. Cloning and expression analysis of two homologous genes Codingsn-
Glycerol-3-Phosphate Acyltransferase 6 in Brassica napus [J]. Acta Agronomica Sinica, 2014, 40(7): 1304 — 1310.

(441 Fep 0, XN, J7 9538, 45, ABA: =il il R AR K D666 5 H R A i A iUt RS MR DR 1) 33k 40 (0] 0 T &
fif', 2018, 16(4): 1057 — 1065.

PI Guangjing, LIU Fengzhen, WAN Yongshan, et al. Expression analysis of acyltransferase genes involved in oil
biosynthesis in high-oil peanut line Nongda D666 and parents [J]. Molecular Plant Breeding, 2018, 16(4): 1057 — 1065.
[45] BOUVIER-NAVE P, BENVENISTE P, OELKERS P, et al. Expression in yeast and tobacco of plant cDNAs encoding acyl


https://doi.org/10.3969/j.issn.1003-0174.2021.04.013
https://doi.org/10.3969/j.issn.1003-0174.2021.04.013
https://doi.org/10.3969/j.issn.1003-0174.2013.02.007
https://doi.org/10.3969/j.issn.1003-0174.2013.02.007
https://doi.org/10.3969/j.issn.0439-8114.2013.01.053
https://doi.org/10.3969/j.issn.0439-8114.2013.01.053
https://doi.org/10.3969/j.issn.0517-6611.2010.35.006
https://doi.org/10.3969/j.issn.0517-6611.2010.35.006
https://doi.org/10.3724/SP.J.1006.2014.01304
https://doi.org/10.3724/SP.J.1006.2014.01304
https://doi.org/10.13271/j.mpb.016.001057
https://doi.org/10.13271/j.mpb.016.001057
https://doi.org/10.13271/j.mpb.016.001057

722 WroIL R R K A R 2023 4E 8 H 20 H

CoA: diacylglycerol acyltransferase [J]. European Journal of Biochemistry, 2000, 267(1): 85 — 96.

[46] JAKO C, KUMAR A, WEI Y, et al. Seed-specific over-expression of an Arabidopsis cDNA encoding a diacylglycerol
acyltransferase enhances seed oil content and seed weight [J]. Plant Physiology, 2001, 126(2): 861 — 874.

[47]) G pe, i8R, B2 A, 55, 28058 I TSR A2 M2 e D) ve b S5 DR o [0, VEH) 7412, 2020, 46(8): 1283 — 1290.
LU Geng, TANG Xin, LU Junxing, et al. Cloning and function analysis of a type 2 diacylglycerol acyltransferase (DGAT2)
from Perilla frutescens [J]. Acta Agronomica Sinica, 2020, 46(8): 1283 — 1290.

[48] SAYANOVA O, HASLAM R, VENEGAS C M, et al. Cloning and characterization of unusual fatty acid desaturases from
Anemone leveillei: identification of an acyl-coenzyme A C,,A’-desaturase responsible for the synthesis of sciadonic acid [J].
Plant Physiolology, 2007, 144(1): 455 — 467.

[49] WU Jiasheng, HUANG Jiandiao, HONG Yiwei, ef al. De novo transcriptome sequencing of Torreya grandis reveals gene
regulation in sciadonic acid biosynthesis pathway [J]. Industrial Crops and Products, 2018, 120: 47 — 60.

[50] SILOTO R M P, FINDLAY K, LOPEZ-VILLALOBOS A, et al. The accumulation of oleosins determines the size of seed
oilbodies in Arabidopsis [J]. The Plant Cell, 2006, 18(8): 1961 — 1974.

[51] CROWE A J, ABENES M, PLANT A, et al. The seed-specific transactivator, 4BI3, induces oleosin gene expression [J].
Plant Science, 2000, 151(2): 171 — 181.

[52] PASARIBU B, CHUNG T Y, CHEN C S, et al. Identification of steroleosin in oil bodies of pine megagametophytes [J].
Plant Physiology and Biochemistry, 2016, 101: 173 — 181.

[53] BAUD S, WUILLEME S, TO A, et al. Role of WRINKLED] in the transcriptional regulation of glycolytic and fatty acid
biosynthetic genes in Arabidopsis [J]. The Plant Journal, 2009, 60(6): 933 — 947.

[54] FUKUDA N, IKAWA Y, AOYAGI T, et al. Expression of the genes coding for plastidic acetyl-CoA carboxylase subunits is
regulated by a location-sensitive transcription factor binding site [J]. Plant Molecular Biology, 2013, 82(4/5): 473 — 483.

[55] QU Jing, YE Jian, GENG Yunfeng, ef al. Dissecting functions of KATANIN and WRINKLEDI in cotton fiber development
by virus-induced gene silencing [J]. Plant Physiolology, 2012, 160(2): 738 — 748.

[56] LIU Jing, HUA Wei, ZHAN Gaomiao, et al. Increasing seed mass and oil content in transgenic Arabidopsis by the
overexpression of wril-like gene from Brassica napus [J]. Plant Physiology and Biochemistry, 2010, 48(1): 9 — 15.

[57] MAJER C, HOCHHOLDINGER F. Defining the boundaries: structure and function of LOB domain proteins [J]. Trends in
Plant Science, 2011, 16(1): 47 — 52.

[58] LOU Heqiang, ZHENG Shan, CHEN Wenchao, ef al. Transcriptome-referenced association study provides insights into the
regulation of oil and fatty acid biosynthesis in Torreya grandis kernel [J]. Journal of Advance Research, 2023, 23(1): 7 —
13.


https://doi.org/10.13271/j.mpb.016.001057
https://doi.org/10.1046/j.1432-1327.2000.00961.x
https://doi.org/10.3724/SP.J.1006.2020.94192
https://doi.org/10.3724/SP.J.1006.2020.94192
https://doi.org/10.3724/SP.J.1006.2020.94192
https://doi.org/10.1104/pp.107.098202
https://doi.org/10.1016/j.indcrop.2018.04.041
https://doi.org/10.1105/tpc.106.041269
https://doi.org/10.1016/S0168-9452(99)00214-9
https://doi.org/10.1016/j.plaphy.2016.02.008
https://doi.org/10.1111/j.1365-313X.2009.04011.x
https://doi.org/10.1104/pp.112.198564
https://doi.org/10.1016/j.plaphy.2009.09.007
https://doi.org/10.1016/j.plaphy.2009.09.007

	1 香榧油脂组成及影响因素
	2 香榧脂肪酸的功能与特殊脂肪酸——金松酸
	3 不同加工工艺对香榧油脂品质的影响
	4 香榧油脂的提取方法
	5 香榧脂肪酸合成代谢的分子调控机制
	6 结论与展望
	参考文献

