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greenhouse gas emission, slow down global warming as well as achieve true sustainability. Microbial cell factory has
become a critical component to advance biomanufacturing due to the availability of versatile genetic tools, ease scale-
up and the high conversion efficiency of low-cost renewable feedstocks. Prof. Daniel 1. C. Wang was one of the
trailblazers and founders of biochemical engineering, who built and led the Biotechnology Process Engineering Center
(BPEC) at MIT. When I and my colleagues worked as postdoc associates and research scientists in Prof.
Stephanopoulos’ lab, part of our work on engineering oleaginous yeast cell factory was a direct result of the analytical,
imaging and cell culture facility at BPEC. Plant-based oil and fats have an overall market value about $200 billion.
Recently, the world has seen a craving for plant oil products, which negatively impacted our environment due to
massive-scale deforestation and loss of ecological diversity in tropical regions. We thought oleaginous yeast could be a
solution to this problem. Centering around the important genetic targets of the oleaginous species Yarrowia lipolytica,
we summarized the essential metabolic engineering strategies for improving the carbon conversion efficiency (yield),
lipid titer, lipid production rate (productivity) and cell growth fitness. We further analyzed technical constraints that
limit our ability to build high oil-yielding yeast cell factory, including high throughput strain screening or phenotyping
techniques, the incomplete understanding of the lipogenesis and underlying regulatory mechanism, as well as the lack
of well-defined biochemical models to guide bioprocess optimization and scale-up. Further we discussed the technical
and economic feasibility of converting sugarcane feedstock to high value plant-based lipids with metabolically
engineered Y. lipolytica. Our analysis indicates that Y. /ipolytica has a great potential to address the current market gap
of high value plant-based fats (i.e. cocoa butter equivalent to make chocolate with a potential market of $50 billions).
Engineering oleaginous yeast to provide plant-based healthy fats will help us address energy, foods, environment and
resource challenges, which will surely move us one step closer to a society of low-carbon footprint and sustainable

economy.
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Fig. 2 Lipids determine the mouthful feeling of major meat
products: Iberico ham, Peking roasted duck, Kobe beef and

Foie gras.
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Fig. 4 Carbon conversion efficiency from NADPH for fatty acids synthesis pathways

(OxPP—oxidative pentose phosphate pathway; GAPHD—NADPH-specific glyceraldehyde-3-phosphate dehydrogenase;

POM cycle—pyruvate-oxaloacetate-malate transhydrogenase cycle; NOG—non-oxidative glycolytic pathway)
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BN BT 5 R B AR B R AR . By T R T E
AL S AR A A A SORE R 23 X, R A DR K 38 e ]
JRE ) A 3 RV AR B R, TR BE 8 A R0 R I A
FaE RPIBIIR A, H AR T Z A7 AE B 40 i /K
R G, BIEERRIES . ZRBRIES LK
HE R & S, O g s B RIESE. AT
78 LV 2 S DS B0 21 1 Nl O N [T =l
Stephanopoulos PR & 2H B IRLE fife Jig HB IREZ BE %
HAE MM A (acyl-CoA) FIHREE ACP (acyl-
ACP) & J5 DL K oK fift D fie 55 o eV 1) I 0 A R Ik
TR R A Y& (peroxisome) F1A
Ji (ER) %5 V40 f s, ofoid 77 o B BEY
AR, IR B & IR W7 B B Bk B8 (aldehyde
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decarbonylase) = i k4 s A & 5B (fatty acyl-
CoA reductase) , i 1518 A% 20 i 1O % BF 7™ A2 1 1
BHAEVREHRAE R BE I 28 I 2 S I oy I 45
&Y . BRIEEEE, SR TREMUEE, e
A2 10.4 g/L T 25 8 T R AN 1.5 /L 1 Jlig s I
3 A R ik e U R T IR R, T A AR R
T B vh B D 3K T 73 BOFE TR A0 R 0T IR & AR &
455 acyl-CoA IL R B, A p 1 24 MBS+ 1 G 15
I8 I 3R R A e A DG B R B (fatty
acyl-CoA photodecarboxylase), i & [ i Jig HE [
% BF g % F) F 8 &) 0 S ORI 1.5 /L 1 s 0 e
) 47 09,

JEWT MR BB K, TRIE 1AW S 1 BEAL 1
AR B VERE , b G gk ] N R M A ﬁ'ﬁ%lﬂ
RETEM G 70T, 5 T A AN AR, T8
FEME . R, ERRT R KT, BN
AU TR R R 2 — o 40 B IR D7 IR & i g
H 5 AN BAREFE R il AN SR R B 5T AN R
D RE, HAFEMEEE S-SR EL, 5T LR
iy SUNE AR, BRI R G R B 2% K
B, BF K IREE KRR 2000 D2 EERR 430
e T I 1 5 RSl ) AN [R) Dh g ek . B 3 ot AR 5 4
MW, HENRNIR G Sk IR — A2
RAKK) 73 T IR, AR B B K 1 i 9t - ACP
YR B DU BR8] A4 4 60, 55 A2 IR DT 1R & 1l g
TRENE Y, BHRAFAMBE-ACP, B 16

En [63]

Suga:

APAT

G-3-P

Cell membrane

A e G T IR & B R TR, IR 41 MPT 45 14 15
(malonyl/palmitoyl transacylase) K 5 i [t -ACP %%
A NERFATE-CoA (Cy.,) » AT RBIIEEAIEE-CoA
Wk BE W R IE K B (elongase) Fl1 4 1 Al
(desaturase) &K VX A il i i Bk -CoA (C,g.,) F1H
M -CoA (Cy. ), FEMKI Mz 2] 3- ﬁ?’i@ﬁzﬂ'/ﬂﬂﬂ’ﬁ”
+, ﬁ)ﬂi%ﬂ‘ﬂ‘é%‘é%A% (B 5. fTEHEEHF,

i BRI R BE-ACP R BE (fatty acyl -ACP
thioesterase) > A4 7= 40 B g 107 R 1) 28 2K . @
HEAFMEE R, XusE ™ 4%@@)35%5&@%43
fig W5 B & H B /) MPT  (malonyl/palmitoyl
transacylase) &5 #4385 % 4. v B A acyl-CoA /K fig )
AE 1) 25 1 35, Eﬁliﬁ)ﬁﬂ"]@?%%ﬁiﬁﬂﬁxﬁﬁﬁ
BEKERRUIER ST (C,w CHIC, S, #ET
fie HE HB IR BE G TR M. S AhE I e T
FRF B, W SUE ACP 45 /38 "L i iR ik ACP
B T 45 6 SN MIPT % Bt B S5 44 80, RE A% R VY
B RE AR P R I IR TR, C A1 C IR D R 1) 7= &k
3|7 100~250 mg/L ", HILAEH, &AM
e A 25045 1 T 7 IR & st 2 ik B 1 S A, A ]
Max Planck Institute ] Ashwin Chari i @ 2H DA % 2
% YO A K %% Eckhard Boles U & 41 X6 b 34T 1 1 4
(1 SR LR o b B, HE— D RE TR T R ) Bk
BER LRI NLS], D ) ool 7 o e B A 7 A
AT e S T B K R I D R A IR Ak A PRt T E R
il o

,»"iéﬁiié}il'ééifc"r'é{i'tiifdh'qm‘,?"""'"""'"" :
LPAT _ / PAP 1).-\:(;'1' .
F—> LPA PA

7 ﬁ-E]:]K'""""s"i:'é}if"'b"(':l;j&‘-
i C —C

i
160 “ra 150 U 18:1

'Acy] CoA poo]

BI5 it AR R QB R O

REPE I AR (1 A AL I

Fig. 5 The biochemical scheme of synthesizing triglycerides in Y. lipolytica
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4.3 fFASERECEEEIMAS S LAY FIRENLH

BIRYLH (nitrogen starvation) FITif 1% 1) 7 47
15 2 it 2 il 0% A 0 55 R0 AT A6 T 22 I 0 v 1
SR A R BESF S v T G R ) B B A AR AR .
- AN E BRI, AMP BB E R SR, MM
FEA AN AMP KT R, 22 B AT R N
SBGE RS . BAR H AT AR e Z EIR LK
5 8 AMP it 2B VS VE S 0 1) B AR, &
FiE AMP it 206 J5 e 08 18 40 i N 7 A B 22 1 LT
HEG A, MR AN ER REE B R 2 B AL R
(lycopene) "' SR B 2 1 R 1A AMP B2 B, 1ol
AN RE AR e R IR AR R, R
T T B Y T PR R B A A At G B R A5 AT R, B
AMP Jlit 22 i () Y8 4246 0] B AR AE B R S B 1
(post-translational modification) 7KF- I "', i th
A HAhRE,  Hhnit ik AMP i B S RE 08 4
M B B Mortierella alpina % i J§ ¥ & 42 & 15%~
34% ",

Snfl/AMPK & 4% 42 4 Hh v OR < 1) Bk U8 5
R E A . ARERETmEAE, FEWP K
Snfl/AMPK #H 5¢ ) B 05 A0 8 E B, Ik e
T RIE A B DRI B R RN B AL B R R A AT
SNF1/AMPKs i i DL 5 = AR E &) (heterotrimeric
complex) MERAFAE, FEHAMAIIEEN o-F
5 (Snfl) MIPE/NREEWIEA R, AETEAET
B-F % (Sipl. Sip2 5% Gal83) Fly-W. 3 (Snf4),
fiff M HIS E % Bk v 25 A7 e FE AR 51 Y Snf1I/AMPK & 4t
2254 Blast 7347, Snfl. Snfd. Gal83 Al Sip2 43 %} K
T g B FC P BE () YALIODO02101g.  YALIOC03421g.
YALIOE13926p F1 YALIOC00429p %5 4 fi% J7 51 12,
FEFR R I Snfl Gk 2% 1 fif fig 1 B I8% BF GBS &
MR, G EPASAARIR, #—0
28 3ok RS AN SE B E B PCR 43 B, Al AT A B
SnflyEPERR G, BERE B W B A RARWhg s 7

TR, RGKFHZHF T FE, B
HHHA., BEREAAMAEA I, Cap)
2 FH TR A A I P BE B UR e B AR B
MBI R R Hrh, S E 0K P 7 B K sk
I8 % 1) Scott Baker PR B IR IR LR, 5

fide Jig HS TR % BF I 7 BRI A R R B ARG . Eedn, A
BIRYLBARES T, W AR 25 7 A OC B[R 1) 308 1y
FERR, R R AR R B R B Rk ik gs
pER T RER A S B AE Y, BIENEAR.
iz (putrescine) « V. ¥ i (spermidine) Al JK %
(urea) S-SV Ao fid, 3010 3 B4l i N 7
AR T AN =R B AE PR A G i AR, B
FEH B AR DT RIR . B SR ANSE R
FRSE R ). FERURIRBIMEHL S, xR 4lE g
WERR R A o b, ORI T 1219 /N8 M B IR Ak A
oo Hod 133 AN AR AT RS B LR R 3 R
B, X e R A AT o B T B O R A
DNA 5 &G TE e s R 1. EB 7K, IR AL
F= A G 107 A O AT 1) ATP « A7 45 TR 2L i filg A1 &4
Ik 5 G A R AL, TR IN BE R A 3 B T IR 0T IR AL
B IR AT Ik 55, IX — AJF 95 3 W 1ol 1R A A 4 A2 Vil
JEAR RIS LA

g A [F B AL A 1 I TE AR 2% 8 R
Nielsen PR &8 25 X figé i HIS 0C ¢ BEAR 2 9 IR 1) 1 42 4L
BEHEAT TS0 . o 4 J DR 4H A5 1) RN Aseq Ml
JP, IR R I AR AR R, AT R sk K P
VR s IR T R B U PR AR T 4% T R A A A
A4 U, Bl R IR T R A BRI A4 acetyl-
CoA, fRAR—#i7r RKIE T = M A, X—
4510 5 Alper W K I e AR/ v e @ R A S
55 ik NG HIS T % BE R 17 B8 & BOAH TLAEAE 70 R AR
JI B £ 1 B A IR AR M I 4%, Pomraning 55 U f
T s 7 AU AR IR
repression) 5 GATA ZX & ¥ #§ & A # & K +
(GATA zinc finger transcription factors) 2 [H] [] 2%
ko U B e 4 i s I 1 gzf3 M gzf2,  22ith 4t
i SR AR S P R AE AR BB A IR I R B R . 5
AN PR AR 5 BH 18 (K] F migl 54§85 A R ok NP
(3 PEAE G U0 4 s B R 5 R0 R A U 4% R
23 TR FRATT XS fige i HB B P B AR 28 91 i 1 70 7 AL B
NI SRR 5~104F,  FRATT I 2 fidt i HIS FQ 8% BF 45
BRE AR, Ko 1 2 — W8 S0 O 0 B R/
FUE R W 4, D FRATT A S T 45 A 1 1 4 i iR
T a5 Bl

(nitrogen catabolite
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4.4 FEREEESRHERNECERENNFEER

EAEY I TGS R, At fEs) )5 i
BLRE 6 25 AT SR A f A I R B A= 1 2 8. X AE
YIRS A M, A BT IRATAR 45 40 1 i A 2
R, Bl € s A 48 i A K A il 28, A
$5e K PR 2 v o R 00 ) A S, G A A R
BEARA T A SR m A& 47 7 Wis o T
J& T M AR B ACE ), iR I B AR R X
a0 A= K& N (growth fitness) 7= A= 7 1HT 52
W, H AT 3 A A S 2 R A A
B2 UG I BOE IR TR R, ey
B YL g e Y AR 2R T S REh
I S A A I R S ASORE R 1 B . A SR T IR AL B AR
ES AR R REAE R R 1 7 R
P BE 120, BT A 1 AR B O 3R A S5 RS T TR A Bx
AR SEARELTER. N T
— A2 IR X fige i HIS TR P BEAR B8 U IR R I AR A
W, EFRRS AR (X, 77 imlE P
FAE W B A=W & (oil-free biomass, X), Jf5[ A
— A RE () R FE R I TR AR B 4 i A K
sz m o ARYE AL OSB3 I, oy s 7R ok
R, IR AR SR AR S5 3 ) B A A AT LA g
mE 1,

JIRE (1) I 4 i i A= K 3 B 52 31 3 iR AR
Ryszm, 7 RE (0<p<1) Bk, HfEH R
(P) %, AR fH RER
THEHWREPMERZ D, HiE () f#ddnim
KR T AERKERMIET R . TR (3) #f
W M A e AR SR R T AR KR O B L
() MAEAEKMREHE T (B T 4 MR
JERVIRIE AR R TA R AE K SmBEMR R, H
AR KA Y i, B R R Y,
. HIE (5 MRLSmAEYE (X, HHlE
(P) FHEM g A=Y (oil-free biomass, X) 4.
T 6 mH THBMSASETWmE. TE (D
A T AL BEE (V.0 HYHEMAETR
YIKEE (S,.Sp FF=WNKE (P P HRE. 7THE
(8) iR 1 4H Mo A B F2 ) AR = .l T R
BE (YD EFEE G MrE (P BAE
FHIOCHE, 40 RPN G o B s, X 4 PR Y A A
WHE, HWH S A Y AR e
B, WA R B0 OR, B S BRI AR T
Ay RS ERER T, R RE P AR A R
JE AR A OB . FE R, R I [A] 1Y
AL T AR S EA S WA sy, X2
V)2 H 57 RGN 2= DDA W 4 0 - W) I A o 3R

R IR YA 3R R 2 iR B B ) S A

Tab.1 Fermentation kinetics of the oil accumulation process in oleaginous yeast in batch culture

R A J7 R ik
Equation No. Equations Description
" _ M ([ P M e ik
® K+ S SY 5 Specific growth rate
d JEnt i A= A R
2 —X()=pX () - kX
@) de (0) =X (1) = kX (1) Oil-free cell growth
d MR R
3 —P(1)= X
®) dt ) (a# * B) ® Lipid accumulation
d ooy mX@ _(w+B)X(@) A K
4) —S(1) = - .
de Yys Yo Substrate consumption
MY
) X)) = PO+ X() i
Total biomass
P it o
(6) 0(':) — (L) Ejj‘ =28
P(1)+X(1) Oil content
Pi(t) - Py BIESSURESCES
™ Y pcess (1) = :
Sy = 8,(1) Process yield
P(t)-P SR
© L= PO =Py STOE 1y

I

Overall productivity
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B RE RN & KR, B EAIRE . &E.
JEE W FE A g 7 B, BE— AT DLl I A s TR
JE 2814 7] 13 (least square nonlinear regression) K
A REESH, i T DU UL AS [R] fi Y5 ok
HAFBLN, TRR B AL IR R 42 1) SR o 7 % 4
B e T, Rk B ) SRR T B AF AE AR AT
filt, ARBUERT R, R N EAMBAL TR KA &k
PR R T AR AR R 4R S

5 7% B Y 1y 0 R e B 3R Y A6
AR

R Wy B Al ki ) S v AR I A
A&, TES ML M m RN S &
T8 B R 0 S AR R R S HOR . AR G e
M A AE AR R IR T &, AR RFRFE AR T
AHEFZER (2 /M Foleh J73%), # R
SN, g 2R CARE 197 B R s R A 7E, g
AM G- (GC-MS) B, & 1643 BT g 7 %
M2 5y (AR FE RIS AT D o LT VAR
BLRBRAK Gy, MUMHR 3 il 2L 4t B, 7 Bl P 0 v
I AL s B K 20 B P B H T =R, R BRI
JERI % 8 V& T8,k — 2 LUK IR BR M AL 771
AR IR S R EE4i &, 7 ENR DR H e,
R Wi W ls & oK A A RE (—FRHIECKD,
SRR BT . BRIERE S BIBOCR G, R
W T B SR IR S BN ZE IO, N
I A] O K, AN A DA A2 7 I T B s E O O 1

o 0 B U Ik S R Y S 0 A ) T AR W T P
B HRZOEOR o BT R IR S A Ot B B
S IRAIC D) 7 AN VA=) o - PR i e V113 DR R 1 T
PREEAR, 2 gt v 25 T e 2 i T 4R —
R T). Bl “ TaREILE, BARFIHE. TF
K, —EEFIFR TS FRE (Bodipy,
Invitrogen A ), RE % 75 7% 7R 40 i 4 o = 1t 5 K
BEME o T 45 A, 23480 nm ¥k, BE MR
510 nm ¥ BURF R E RO . 546 G011 Jé D 40 Gy
&5 (Nile red) b, Bodipy A REUE & . #
o AL TSR AL AU 4, Bodipy BT A T M HE

B BE G B8 (lipid droplet 8% lipid body) 1) 4
&, T 40 Ak P2 f RE AR R gL . T
Je & 2L f Bodipy, TR EF R THRE. {55
() o i i e BTV, AR RS T R Rt )
MRS, R 3R B T & B G ) B A I 2
FPOGIERE . FOLROFIRE . HHER . 4H
WP W DA KRN B TR R R e Y 7 R Fe
W2, &1k )5 1 Bodipy J¥2:, AT LAHERR R
T R P SR 07 0 o 7 vl T O R T S KR RE B, g
H AR IR ER QI BE, Pl B I8 85 g/L, 4HAR S
BISE T 77%, FEMEEEH] 7 0.73 g/(L-h).

B 1965 BLAN,  — Se A e il i A T B
b an i 20 41 Y6 3% C(infrared spectra) il §i & )G 1
(Raman spectra), J&A T W50 HE P93 5 AR 28 18T 2
i TH . JERr T rBe s & WA S A Bk
iER e s R IASLE- Y N R IPIS D& i
AW R R = R R A i . BT
I, A AR B AR e it 20 40 6 1% (Fourder
transform infrared spectroscopy) KA Il 41 ff 2H 43 )
AL, FEal A e S . MRS A
PEARACH L], R T 5 o2 S0 A e s/ 2 A& L
i, AR HEMHE 1R L0A 618 AT RS B I s
S 2 R0 8 200 R 0 38 1 9 e O T RS R A o
MWEERER A IR R B S5, R — e g
SRR T E B AR 0T 21 40 U ) I 2R AR
BT A H R BT 3 Rl B BE (Rhodotorula
toruloides CBS 14, Lipomyces starkeyi CBS 1807 Fll
Yarrowia lipolytica CBS 6114), | H f &% /s — e [0
9 (partial least squares regression), BEIM#fE 1 Xt
3 R BRI G & 2w EAA, S ilI i,
TR GFEah IR B B S BN B T RIE 90.5% 1)
FHOR A, B — 77 gl I B ASE 28 0 1 AH O 1 ks
96%~98%, IX—JrAMEIL, KRR

Fr 26 3 EORE T A A% T o T IR B R
BE AN, HORSBHOGIER LU W, A
HMOGFIIT R AMEEE . R8Ok, CEM ke ER
WG 5 4 P 7 R ZE R, B 4 ik A R DL A
LN R A OGO Y, HOR A B TGS
JRBRH 75 BeAh, hr 206 Ha AR 40 Ak
FF i b 38 17 B SRR B . AR R BUR S B B BU g
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HR  (stimulated Raman scattering microscopy), M
lls DR 27 3 1% o R S ZEL A R R K S X 3 M i e B
HEM R SRR HEAT T T RAE (SR E R R BT AR
4 https://doi.org/10.2172/1418344), 454 MK+
AR, R B 4y B H v T R PR B B R
Bt — 0 I B YH M A S A, R T R A
Va4 R SCBEAL A, I 5T D 7 I B ik AR R
BLEE, RA R ER A S s s e it 7 &l . 5
A, SR R R B A SRR B R ) A g 7 e 1
()2 R PO 25 8 S 4 i oy B PR T RTRE . JE IO
2 L B 1% (photochemistry and tandem MS) ,
I 2 2 B AT LIRS 1 ) 58 C=C XU A B DL e H
MW =HBEsnl sn2 Flsn3 A0 B P AR T ER R T 0,

6 AN HR il BE A 7 B A i IR AT v i
Wbt S AR T M

DR FRATT K T e Jig HIS T T B 2 7 AR 47 vk T %)
R A AT AT BT . S 32 R AL
T FEAEK . SR, ATAT AR RS (R,
MRAE £ B RMED R AR = A S, &
TR ECRT LAHE S A3 2 B0 R HE 4 8 41 16 7= T 45
F [v(hm™a)] . K 5 A7 [ AR 2l AR %
(£2), HFHEMKGELE, BAERESR7HE,
1 hm® FRIERARAR B3 4F 0] DLt 3.69 A=A A BT
5o 1 hm’ SR ZE A0 B A 1) 7= A3 28 43 51 0 0.9 t
A10.85 t; Hrnl Al A A R AR AK, 1 hm* 7]
A A AR AE AT DR 20 0.4 ¢ AT A g o B T AR T AT R
7= g 2k, & 7 AT Rl IE B A (6000~

8000 3 Ju/t, T AT A BB 4 k% £ 3000 3£ JT/0)
TS, BRAEH PN R84 R 900 36 T/t MIX 18
dm, FATKET LG HIX Sl R E Y 0 77 R &
XA TEANE . B BB IE, A AR B AN A] AT
FEMEAE RN WARAE R, S T 3R
FEPM TG, o B A5 AN S B PR R R AR AR
Yo, X PR R B, 2 R I R BTG 1)
s 6 I R 2 T R E M 0 B 1 B, BRI, FRAT
AR R B AT H AR A R R, DATR RN E P R
A RIS P i R o

& T DA 7= il 1 B 2 A4 VE K T B R 2
TEDAE = Thae e A, A N HE I 2 BE 2E 7 3 AR 1
e R A3 38 0.271 g I s /g 6 & kE, AR5 32 ZpE k]
VE W B Ao T RRLARD 7= B R0 5 B o, FRATT AT DAOK B
W, 1 hm®BERMEY & BERE R AL S 1 35 K P A5
(R EFHBREEMED S, P 1 hm' H
BE, LA EERE S AR IR RE AL fE SR
330 LA $) 3.07 t/(hm®>a), #E T 1 hm® AE Ak
FIFE M2 [3.69 t/(hm*-a) ] (F2); TMIFHE 1 hm’
EK, HApEm &M KBRS, &K
FEMAR AT LUAF) 2.15 t/(hmP-a) (£ 3); HEME
KAE N R AR 1R R m oK T A E
[1.36 t/(hm™a) Jo ELP ) H REAE 7~ & 1A 6.7 41
(670 000 000 t, ¥EH), Jyr= iz REH Tolk A6 AR =
AL T A BN B R RHER Y . 2 RS B AR Wy A AN
R AR CLLandE s K, AR Ab 3,
BIRHHFE, K, NTUUAARMHECT 2 b
AL Al AR 1 50%, ) FH H R A 9 A R 7
HE1S %N 1.54 t/(hm™a), 558 BRI #5405 5 2 ik
AR (0271 g/g) 1 75%,  SEBR I h a8 13 s 1t &

2 S BOhRMEY i AL T AR B S A R

Tab.2 The unit area output and maximal oil yield from major oil crops.

HEHED 74 & /[t/(hm*-a)] % R AR /[1/(hm® )]
Qil crop Production Qil content Maximal oil yield
45
3.1 20 0.62
Soybean
B i
Tkt 1.7 50 0.85
Sunflower seed
ST
o 2.0 45 0.90
Canola
GIRIES
0.8 50 0.40
Cocoa bean
pi]
R 9.1 41 3.69

Qil palm
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K3 LIHPEHMED) Y OB 28 8 AR HI R BEFG AL )5 17 il 5

Tab.3 The maximal oil yield from Y. lipolytica converting sugar feedstock from corn, sweet potato or sugarcane.

WEHED P 4/[t/(hm?-a)] ST H% BOR i 43 2V[t/ (ha-2)]
Sugar crop Production Sugar content Maximal oil yield
E
x 10.7 (dry, F-H) 74 (dry, T-HE) 2.15
Corn
A - S
# 25 (wet, {EH) 20 (wet, ¥ ) 1.36
Sweet potato
HE 80.9 (wet, ¥ H) 14 (wet, . H) 3.07
Sugarcane

K= A3 2 M TH 5, RE 3 &1 0 2 T (9 64k R BOR 0.271 g T /g Wi &1 8 o

SEAFFRAN 116 t/(hm*a) » 5 J& B 2858 77 W 1 A 1B
BE, AFRETHEER T TN, HAEE Rk
W FEA SR ) A T/ E, wAr
NEM FZHERGIE w1, ol el IR &N A
7000 T/t iF, AL 1 hm? H O, BT REREVE N )R
WY& 7 e AR I TG % B 3% A0 J5 1 6 R AT LIS 3
8120 % yu/(hm™a); AL T EAR ARV I #& 7
210 3£ Jo/t, AP M 1 hm® I K ) E R E AE
2247 % ju/(thm*a) , 5 1 hm® H 8 B I &
[2100 3 76/ (hm*a) JAHIE, #ANETT S, FIHE
HR IR B BEAE = ml ol g, o] UK SRR RE CHED 1
ZUr M E S m 2.86 i, W E KA TFMAERS
2.6 fi. H Al Nielsen B 2H O 28 75 BRI 2 BF A 2%
Feak vl o] R A BRI S BE AL 2D R, BT IR T i Ak
SRR TRl A g, AR E S Tl AR R AL AR e
WA — g 2R P RGN T A HE I
P B v 1) sm2 450 5 P I P I eSO 2 ik AR R sm2 A7
BGOSR, 15 30 T S e B HL
JIE W 1% 2H ez i mT T g B A oy B MR A
AR AL T A AR ER IS B B 2 7= w] w] i 1 R B A% AR
e 7 DUH I AN A B 2 e K R, IR R I
v R TR P A BT 3w AT AR A i
BRI, AT ERRER, s HE IS B
FIT = i 1R 4 R R0 D R BE N 22 REAK, 481 G A i B I
FERERIM e, & I8 55% HIHIR (Cy.))» 20%
LA FIRREE (C.)» 13%HIMEARRR (C,..)» 7%
IAEA R (C,. ) BLK 5% 2 45 1 2 AN RN G 7
R (EENWRRER Cy.,), B FRMATFNEIZ &
T — IR (Cp.p) . FTATHRI EEH > N
MR (C,.) FAEIEER (C,..) %15 35%, KEAEER
23% (C. o) FHAMAEFNG BT R CRR e iR A1 E
BRERD 15 7%, X —2H 5 5 fF AR HE IR BE 1) v i 4

ORI . FERRAEE, AL T e N HE PG
BErp— & 73 B AN AN AR 7 B2 3% AR N IR TR, Eb
Wk 20% R (Cy,.) FACNEAEIR (Cy.,) s
W 5% I FR B (C..,) A2 N FR H R
(Cyy.o)» GUSE o 77 I BE () 30k G 26 53K 32 2H 35%
IR (Cy. 0 33% MIEEARIR (Ci.0) 25% [AER
R (C.o) AR 7% 72 A7 1 FL A AN 18 A0 HE B IR
(EZONRRR R AR, X — R4 7> 5 7]
AR H O T, WAEYIEORIT E, A FH
AN VLR A T R N U R IR DT R ) AR T B g,
CRISPRi /i & Y ¥ 5% /K ~F- 4 ] (transcriptional
repression) , HENMK T LW A (desaturase) IV
PERR T DLSE LI —FEORAB R . B T AR thoE 1
sCEAAE, RTAT R 4 A E 5 AN 1 R4 R R
WHFH i =W snl sn2 Flsn3 ) = A58 iE
EHEmmAN., EEMEEAREE (K>S,
GPAT, LPAT FIDAGT) K4 3 A~ N Tk 4 g A ¢
A b, Bl G RIRAT ARIBEH G A R
AR S P E A AL T AT AR L AR OE, Tl
WA (P i 2 0k, B BB AN AT ] SR 42 4 A
7RI, o A SO R AR T B tH 2R AL T AT
AHE R H O =l . X — TRESE B et K
100 J5 Wi o] m i B A4 L, 3 1 R KA 500 1236 T
(35 5 73 T Ik 1 o

7 &g

M FH i i HIS ER P 3 2 7 v BI04 Zh R A2 3 i
BABRMZG Rt . Y5 A 3h Y5 15 K 1k
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