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Research Progress of Important Traits Genes in Cassava
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( Cash Crops Research Institute, Guangxi Academy of Agricultural Sciences, Nanning 530007 )

Abstract:  Cassava ( Manihot esculenta Crantz ) is an important food crop, cash crop and energy crop in global tropical regions, but
the biology research and breeding progress have lagged behind major food crops. Molecular breeding is the important driving force for cassava
genetic improvement. Discovery the genes related to important traits is the foundation and premise for the transformation from traditional breeding
to molecular breeding. In this paper, systematically, we recapitulate recent progress on the genes related to the traits, such as plant morphology,
yield, tuber quality, stress resistance, in cassava, also functional characterization of some genes. We further point out that both of constructing
self-crossing population and multiple-omics data integrated are important ways to discovery the key genes in cassava in the future. This paper
aims to provide reference for promoting the application of results of functional genome studies in the construction of cassava breeding technology
system, and provide theoretical guidance for cassava genetic improvement.
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Table 1 Candidate genes for important traits using forward genetic approach in cassava
PEAR Trait FLK 1D Gene ID FL[K 7B Gene annotation Z:2 ik Reference
H—Ir e Manes.09G041800 45 2 2 113 20 Calcium-dependent protein kinase 20 [12]
The first branch height Manes.09G041900  ABC-2 U412 14 ABC-2 type transporter protein
Manes.02G212100  RPZIRFEEZLHEHEZK T Pectin lyase-like superfamily protein
Manes.02G212200 SR [T Unknown protein
Manes.03G061100 PR L5 S Cysteine aminotransferase
Manes.03G061200  PUESEE ] Tetraspanin
Manes.10G123100  B5[EAR T 9 #ZEALSL 1 Transmembrane 9 superfamily member 1
Manes.09G143900  “RAIZE [T Unknown protein
Manes.09G144000 K11 Unknown protein
Manes.09G143800  NAC %% 5[AF- 87 NAC transcriptional factor 87
Manes.03G059800 K11 Unknown protein
ZXH 42 Stem diameter Manes.03G059800 RAEEF Unknown protein [12]
Manes.03G170000 il T. rRNA # 4 EFG1 rRNA-processing protein EFG1
Manes.03G169900  a- H#&#i T alpha-mannosidase
Manes.14G021000  NADH i ZUH -1-0- IR AR 5 NADH dehydrogenase-1-alpha-
subcomplex subunit 5
Manes.14G020900  SNARE-like &[4 SNARE-like protein
Manes.07G117800  POTUNDIFOLIA [ POTUNDIFOLIA protein
Manes.07G117700  SRAIEE ] Unknown protein
Manes.07G007700 A8 Z b5 B RLF Cytochrome b5 domain-containing protein RLF
Manes.07G007800  PRBTHIEE - ik -24- FHEEFEFLRE Cycloartenol-C-24-methyltransferase
Manes.06G047300  RIZ [1 Unknown protein
45 % Lobular width Manes.05G 164600 FZBHAE T S9 Ribosomal protein S9 [12]
Manes.05G164500  Z 254 L A #AL S PIFMIFRIZ 211 Multidrug and toxic compound extrusion
Manes.03G156800  ZEAi {4 4m4E K 22 Mitochondrial editing factor 22
Manes.03G156900  MYB %% 5% [FF MYB transcriptional factor
Manes.03G157000 [ 1 PM19L Membrane protein PM19L
Manes.10G312000 OBF3 1 OBF3 protein
481K Lobular length Manes.05G026500 R -6- BER 22 M1 FA4 T Glucose-6-phosphate 1-epimerase [12]
Manes.05G026600 K1 1 Unknown protein
Manes.05G026700  G-box Z54HF G-box binding factor
Manes.06G034000 265 FE [ EHA 7ML HE 26S proteasome regulatory subunit
Manes.18G018500  ZHZAEMEZK i 11 Histone superfamily protein
Manes.04G057300  E4AALT 2 Aldehyde oxidase 2
AR K Petiole length Manes.01G201900  bHLH %4 5¢[A-F bHLH transcriptional factor [12]
Manes.01G202000 KA1 1 Unknown protein
48K FE L Leaf aspect ratio Manes.03G 156800 2RI AR 45 I 22 Mitochondrial editing factor 22 [12]
Manes.03G156900 MYB #%5%[KF MYB transcriptional factor
Manes.03G157000  AWPM-19-like K% 1 AWPM-19-like family protein
Manes.06G034000 268 Z& [IFHATH 15 W3 26S proteasome regulatory subunit

Manes.14G056200
Manes.14G056100
Manes.14G056300
Manes.01G182700

MA3 11 MA3 protein

MA3 ZE [ MA3 protein

ARFNE 1 Unknown protein

TR AL / SR IS RS BEHI T Invertase/pectin methylesterase inhibitor




34

4 % ¥ A @ 48 Biotechnology Bulletin

2023,Vol.39,No.6

%F3R Continued

PEAR Trait FEK 1D Gene ID FER TR Gene annotation %% Ak Reference
Manes.01G182800 KA1 1 Unknown protein
Manes.01G182900 T 442 & 4 7E 7 Glycine-rich protein
Manes.03G 184600 P-loop- KT =W AR K St P-loop-containing nucleoside triphosphate hydrolase
Manes.03G186500  a- KAt a-hydrolase
Manes.10G031200  OBF3 K1 OBF3 protein
IHJE The shape of leaf Manes.15G136200  KNOX1 1 KNOX2 # [ KNOX1 and KNOX2 protein [12]
IR, Petiole color Manes.01G115400  MYB #4355 [HF 6 MYB transcriptional factor 6 [13]
LRI Green leaf Manes.01G115400  MYB %4 5¢[FF 6 MYB transcriptional factor 6 [13]
THIFTHE i Dry mass weight  Manes.02G192500 ARAEF Unknown protein [12]
Manes.02G192600  RING/U-box #4845 F1 RING/U-box zinc finger family protein
Manes.02G169700  £598 MIN3 K% Nodulin MIN3 family protein
Manes.02G169800  RAIZE [T Unknown protein
Manes.02G154700  B-D- ABETFAF 7 Beta-D-xylosidase 7
Manes.02G154800 2528 2% 42 J@ B EATR B Calcineurin-like metallo-phosphoesterase
FHEFBARELH Number of Manes.05G125100  £2%4[2 / 3R T IRE1b Ser/Thr protein kinase IRE1b [12]
storage roots Manes.05G125200 3 BEERTHMESI 20 B 37 5 Glyceraldehyde-3-phosphate dehydrogenase B
subunit
Manes.05G125300  ARHIEEFT Unknown protein
Manes.04G057900  SRHIZE [T Unknown protein
Manes.04G058000  SRHI%E [T Unknown protein
Manes.09G099100  SRHIZE [T Unknown protein
Manes.09G099200 %2 1 6 Copper transport protein 6
Manes.09G099300  #E [1 HSP20-like Heat shock protein HSP20-like
BT AL Storage roots Manes.02G169700  Z59 MtN3 ZZH5 1 Nodulin MtN3 family protein [12]
weight Manes.02G169800  AR1# [ Unknown protein
W HRFEEL Harvest index Manes.02G035900 B- SR ILEL RS Beta-fructofuranosidase [13]
Manes.02G037700 a-1.4 BHIERERR 1L L S Alpha-1,4 glucan phosphorylase L isozyme
JER T Starch content Manes.13G023300  B-1.4- & - ZEtHIIH2 L5 M Beta-1,4-N-acetylglucosaminy! transferase [12]
Manes.13G023400  NAD (P) - % fLi&J5 i NAD (P) -linked oxidoreductase
Manes.05G177800 KA A VTR Carbohydrate esterase
RS N FE S h Total Manes.01G124200  /\ZAFHHZLFEE 2 Phytoene synthase 2 [13-16]
carotenoid content Manes.05G051700  B- #] MR XUIN4A G Beta-carotene dioxgenese [13]
Manes.15G102000  B- #1% M ZE XN Beta-carotene dioxgenese
Manes.16G099600 B- T Z L Lycopene beta cyclase [16]
Manes.09G008200 & AL E FALM Lycopene epsilon cyclase
Manes.06G152200 B- WA N 2L Beta-carotene hydroxylase
T3 fit Dry mass content  Manes.14G007500  JifA 3- @2 il i =0 2 Glyceraldehyde-3-phosphate dehydrogenase of [ 12 ]
plastid 2
Manes.16G000700  ATP filf WRNIP1 ATPase WRNIP1
Manes.16G000800  SE4 AR & A4 1152 (K Leucine rich repeat receptor like kinase
Manes.01G123000  UDP- #ZHHFEREAR LA UTP-glucose pyrophosphorylase [13, 17]
Manes.01G123800  JEHE A Sucrose synthase
Manes.06G103600  AUFEBiFE2 5 1 SWEETS Bidirectional sugar transporter SWEETS [13]

Manes.15G011300
Manes.16G109200

RAGI #E & RAGL activating protein
IR BERE Helicase
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PEIR Trait FE[A 1D Gene ID FEIRERE Gene annotation 22 ik Reference
SUEER T & i HCON content  Manes.16G007900 2250 AT B A AN 2 26 11 Multidrug and toxic compound extrusion [ 18 ]
CMD2 itk CMD2 resistance  Manes.12G076200 33 4 AL4TlE Peroxidase [13]
Manes.12G076300 i S Ak4D[} Peroxidase
Manes.14G058400  TCP FKjf# 5% ¥ TCP family transcriptional factor
CBSD #itk: CBSD resistance  Manes.11G130500  H4#2 7% % 1 Glycine-rich repeat protein [19]
Manes.11G130000 AR EAEE 1 Leucine-rich repeat protein
Manes.11G130200 fith % 743 FF145 Trigger factor chaperone
Manes.11G131100 U-box #5F 33 U-box domain-containing protein 33
Manes.11G127100 HAMREHEEN Glycine-rich repeat protein [20]
Cassava4.1_019379m  LysM Z5#g340 %5 8 1 LysM domain containing protein
Cassava4.1_00037m  3.5.2.9-5- F2fifi &2} 3.5.2.9-5-oxoprolinase enzyme
CGM #ith CGM resistance  Manes.08G058000  MYB 545%[HF 106 MYB transcriptional factor 106 [13, 21]
Manes.08G045400  MYB-like #5€ — 5 /f1 — BRHERE LD T~ MY B-like helix-turn-helix [21]
transcriptional factor
Manes.08G058500  C2H2-like BEFEH: 54 HF C2H2-like Zn finger transcriptional factor
Manes.08G048200  C2H2-type 45454 57 T C2H2-type Zn finger transcriptional factor
Manes.08G048800 & 77 ARM Ik CCCH 4745 5% 1 T CCCH-type Zn finger transcriptional
factor with ARM repeat domain
Manes.08G034200 Dof-type £F45 54 54T Dof-type Zn finger transcriptional factor
Manes.08G046400 K [R] ¥k CCCH-type £#48%4 5 F K homology-domain-containing protein-/-
Zn finger ( CCCH-type ) transcriptional factor
Manes.08G041900 #5554 T 8 Zn finger transcriptional factor 8
Manes.08G035100  MADS-box %55 [H-F AGAMOUS-like 80 MADS-box transcriptional factor
AGAMOUS-like 80
Manes.08G043900  [RJJRHESE 2R FIEEE - HOX11 Homeobox-leucine zipper protein HOX11
Manes.08G024700 SESA RIS S KT Basic leucine zipper transcriptional factor
Manes.08G046700 TSR 5K Basic leucine zipper transcriptional factor
Manes.08G026900  SAUR-like 414 %) [ F SAUR-like auxin-responsive factor
Manes.08G026500 =MIREMEEEA Pentatricopeptide repeat protein
Manes.08G053900 AR TR T JZ 2K 11 Pentatricopeptide repeat protein
Manes.08G060500  —fIR T IKE S [ Pentatricopeptide repeat protein
Manes.08G044000 3% E XA HHICEE [ Trichome birefringence-like protein

B ) 209-30%,  SCHETEA o B TE B & Y 70%-
80% ", TR A AT 43 b ORI A TER B U (gr-
anule bound starch synthase, GBSS ) I R] 7 P 1 € #y
4 % (soluble starch synthase, SSS ), GBSS 5iEHy
RIGE G5, ST EEERI AR C . R E—

SN R A TF PR, Aiemnaka %5 7 B 58 & B
REHGIE O EBEVER ) J B EED waxy 15315,
waxy JRTSTERT G HE GBSSI (£ 2), FFIETFZIEH
BN TH—SNP (CRENG) FFET 2
DN IRY 1 Z 51 (single nucleotide amplified

polymorphic, SNAP ) 4 FHric. Koehort-van 5§ [63] y 2l
Zhao % " 43 B % A & A TM60444 F1 Adiraid H
GBSSI WFRIBHAT RNA TH R TREIEAR AN T
Xt HC AL R PEEAT T R 43 M, Koehorst-van %5
RIMAZE GBSSI A 8§ B A GERAR R ek Rt
FH () 2 50t 2R B, AH b 9 A O v 1 4 5 By
i (26.04% ), VEM I3 3 (starch branch enzyme,
SBE ) JE[H SBE2 B RIFR A AR R YA h EEETE R &
THATGE 56% ", Utsumi %5 ) B IRVE R 4 3 il JE [
SBEI F1 SBE2 ¥ 0] LA i FE A E PR b B EETE R 75
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Table 2 Cloned important traits genes and their functional characterization in cassava

HINZFK Gene name If16E Function Y2H) Product A FEHLH Physiological mechanism ZH R Reference

MeCWINV3 I TER TR Negative YR REFE AL Cell wall e R T SR FEFS Inhibited [25]
regulation of starch accumulation  invertases sugar export from leaves to storage roots

MeSBE1 ORI ELAETE R T Y Negative TEN /S 1 Starch branch {2 FEHAR S 55 TE# 55 K 404 Promoted [ 26 |
regulation of high-amylose enzyme 1 chain-length distribution of amylopectin
production

MeSBE?2 FURE HEEVERIE B Negative  JERIST S 2 Starch branch 2 HEHUAR H S HETE R < 434 Promoted [ 26
regulation of high-amylose enzyme 2 chain-length distribution of amylopectin
production

MeGBSSI TEPARAE AR B Y, Positive PR Esaa e vimad 13| A I R FERY Synthesized waxy starch [27]
regulation of waxy cassava Granule-bound starch

synthase [

MePSY2 IE P (02 Y IE AL Positive INE T LT 20 2 Phytoene fie ik B- HHE N Z A Promoted [14]
regulation of yellow tuber synthase 2 B-carotene accumulation

MeCATI ( Co-expressed HEGE PPD Delay PPD 4L Al Catalase 5fk ROS #5% Enhanced ROS [28]

with MeCu/ZnSOD ) scavenging

HNL TS A HON 54 FEILNE LG Hydroxynitrile (o TH b SRS [29]
Negative regulation of HCN content lyase Promoted the decomposition of acetone
in tuber cyanol

MeDREBID IEJAEHLE: Positive regulation of — AP2 %5 5 [HF FEAR MDA ik, JErTRESRfE T ROS  [30]
drought resistance AP?2 transcriptional factor 4 Decreased MDA content, and may

enhance ROS scavenging

IEJAEHLIE Positive regulation of  AP2 45 [A T T fERIL T ROS {5FE May enhance ROS
cold resistance AP?2 transcriptional factor scavenging

MeDREBIA IEJAFEHTR Positive regulation of — AP2 55K 1 AR & i Increased proline [31]
drought resistance AP2 transcriptional factor content
TEAEHFE Positive regulation of — AP2 555 K1 AN & i Increased proline
cold resistance AP2 transcriptional factor content

MeRAVS TEVAFAHE: Positive regulation of - AP2 455K - WEAE H,0, Fi e AR R LR [32]
drought resistance AP2 transcriptional factor Decreased H,0, content and promote

lignin accumulation

MeGRX360 EPEEHUE Positive regulation of CC TR AELEA [ H,0, 7 Decreased H,0, content [33]
drought resistance CC-type Glutaredoxins

MeGRX058 TEREPLS Positive regulation of  CC PEN R Yl | [#{I% H,0, % & Decreased H,0, content
drought resistance CC-type Glutaredoxins

MeGRX785 iR AT Negative regulation of CC TR AR EN F&A% H,0, &5 & Decreased H,0, content
drought resistance CC-type Glutaredoxins

MeGRX232 DTS Negative regulation of CC I IA F#AK H,0, 25 & Decreased H,0, content
drought resistance CC-type Glutaredoxins

MeGRX15 TP Negative regulation of CC TR AILEN A MDA 75t Decreased MDA content [ 34 ]
drought resistance CC-type Glutaredoxins

MeGRX3 FAPEPTR: Negative regulation of  CC I il 5 H,0, 20BE, 5 ABA N30 [35]

MeCATI ( Co-expressed
with MeCu/ZnSOD )

drought resistance

IEJHEEHTR: Positive regulation of

drought resistance

CC-type Glutaredoxins

4L A Catalase

KAL) Mediated H,0, homeostasis and
stomatal closure

34k ROS {5 B% Enhanced ROS

scavenging

[36]
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#:5% Continued
L4 FR Gene name IHE Function P4 Product H L] Physiological mechanism 2%k Reference
EJEIEHLIE Positive regulation of ALY AL R Ak ROS B4 Enhanced ROS
cold resistance Superoxide dismutase scavenging
MeMYB2 HATEHL S Negative regulation of MYB %55 [H T ABA MH47% Regulated ABA- [37]
drought resistance MYB transcriptional factor dependent pathway
U EAE S Negative regulation of MYB Tl R [H JET ABA fiffiii s Regulated ABA-
cold resistance MYB transcriptional factor dependent pathway
MeNCED1/5 TETAEPTLE Positive regulation of  ABA & i ABA synthetase fiEiE ABA FH 2 Promoted ABA [38]
drought resistance accumulation
MeCIPK23 TEJAEPT R Positive regulation of W 1 CBL interact fiEiE ABA FH 2 Promoted ABA
drought resistance protein kinase accumulation
MeWHY1/2/3 IEVEFEHTR Positive regulation of ~ Whirly %% 5 K+ {2 ABA FLZ Promoted ABA
drought resistance Whirly transcriptional factor — accumulation
MeWRKY20 IEJATEHT T Positive regulation of  WRKY % 5K F {23t ABA FLZ Promoted ABA [39]
drought resistance WRKY transcriptional factor — accumulation
MeHSP90.9 IEVHEPTR: Positive regulation of P 1 Heat shock protein el ABA FHE, FEAL H,0, i
drought resistance Promoted ABA accumulation, and decrease
H,0, content
MeSPL9 P Negative regulation of - SPL 455K - TR W2 . LAV [40]
drought resistance SPL transcriptional factor JA FLZ Inhibited anthoeyanin, proline,
soluble sugar, and JA accumulation
MeSDD1 ETEHLE Positive regulation of AT R 2K 1 Subtilase AR FLEE B Decreased stomatal density [41]
drought resistance
MeSCL30 TETEPTS Positive regulation of B Spliceosomal Ak ROS i % Enhanced ROS [42]
drﬁllghi r(",SiSlﬂn(’,e (',(!mpﬂl’lf‘,nt—like S(',H.V(’,nging
MeRSZ21b IEJAFEDTE Positive regulation of 222 / KF&MRBTHE ¥ 1Y ABA fKIURAE 1 TALICH] [43]
drought resistance Two-Zn-knuckles-type serine/ Regulated stomatal closure of ABA-
arginine-rich protein dependent pathway
DIR TEPEEPTE: Positive regulation of K4 AR A% RNA WEh 2R 2 5 Increased proline [44]
drought resistance Long non-coding RNA content
MelPT IEEPL R Positive regulation of SRR IR JEZEM: Fr Delayed leaf senescence [45]
drought resistance Isopentenyl transferase
MeMYB108 IEJHPEHTR: Positive regulation of MYB SRR FRAR I 7% 2% Reduced leaf abscission [ 46 ]
drought resistance MYB transcriptional factor rate
MeAPX2 ( Co-expressed IEVHPEPIIE Positive regulation of — PLIR I FR IS A AL Pyl ik ROS 754 Enhanced ROS [47]
with MeCu/ZnSOD ) cold resistance Ascorbate peroxidase scavenging
MeTCP4 TEVEFEEHTIE Positive regulation of  TCP 55 5K T # Ak ROS 7% Enhanced ROS [48]
drought resistance TCP transcriptional factor scavenging
CRIRI IEJAEHLIE Positive regulation of  KAEIEZ S RNA HISRAE CBF iR AR A A DGR [49 ]
cold resistance Long non-coding RNA 1% Improved the translation efficiency
of cold stress-related genes in a CBF-
independent pathway
MeNPF4.5 WE R AR R R = ik REGZEE M Nitrate FIBEAEE T TAA T2 May promote IAA - [ 50 ]
Positive regulation of nitrogen use  transporter accumulation
efficiency and yield
MeWRKY79 TEE$E CBB #ilE Positive WRKY §45%: K+ fE AR A 22 FH 2 Promoted melatonin [51]

regulation of CBB resistance

WRKY transcriptional factor

accumulation
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LKA FR Gene name IhfE Function 724 Product A AL Physiological mechanism S UMk Reference

MeHsf20 TEJEH5E CBB it Positive P ] Heat shock protein fEERR B 2 A0 2 Promoted melatonin
regulation of CBB resistance accumulation

MeASMT?2 TEJH45 CBB HitE Positive 1R 2 A G Melatonin fEERE B 2 A0 2 Promoted melatonin
regulation of CBB resistance synthetase accumulation

MeHsfs3 TEJETE CBB Hit: Positive P SE T Heat stress  fiEF SA AYFH 2 Promoted SA [52]
regulation of CBB resistance transcriptional factor accumulation

MeDELLA1/2/3/4 1A CBB HUE Positive DELLA ZE [ DELLA protein  fZ#EBFINFITAL Promoted callose [53]
regulation of CBB resistance depostion

MeLRR1/2/3/4 IEJATE CBB HLtE Positive NBS-LRR %1 EHE SA Fl ROS U Promoted SA and [ 54 ]
regulation of CBB resistance NBS-LRR protein ROS accumulation

MeWRKY27 IETE:E CBB $iMk: Positive WRKY %55+ A1 Unknown [55]
regulation of CBB resistance WRKY transcriptional factor

MeWRKY33 TEJAYE CBB #LtE: Positive WRKY 4% A5 A Unknown
regulation of CBB resistance WRKY transcriptional factor

MeWRKY20 IEJAFE CBB 4LHE Positive WRKY ¥ 3¢ [17 PEREERR BTN, ik A vRfE Sikte [56]
regulation of CBB resistance WRKY transcriptional factor ~ Promoted callose deposition, and triggered

autophagy signaling pathway

MeHSP90.9 TEJH45 CBB HitE Positive PR 1 Heat shock protein ik A W5 5% Triggered autophagy [57]
regulation of CBB resistance signaling Pathway

MeDNAJA2 TEIH45 CBB $itk Positive DnaJ & 11 Dna) heat fEiE SA FLE Promoted SA accumulation [ 58 ]
regulation of CBB resistance shock protein family

MeHAM 1 TEJTE CBB it Positive I 1 LB RS Histone fEHE SA FHEL Promoted SA accumulation
regulation of CBB resistance acetyltransferases

Mel AR TEVE#E TMMS $i1 Positive JoAE (2500 5 il EHERAT L2 Promoted tannin [59]
regulation of TMMS resistance Leucoanthocyanidin accumulation

reductase
MeANR IEA$E TMMS FifE Positive EH Z A Anthocyanin - fE#EFL T B Promoted tannin

regulation of TMMS resistance

reductase

accumulation

i, H SBEI Fl SBE2 fiTEINREIUA . BTk, 1E&

SEFIRIEI S8 3 A BAIERY SNP 11 ( %

KA T A Ry T 90 2 A 1 SR AR TR VE R
BB SRR AN “URIZE” PR 4 F R T
22 EWYLELAR

AN DX AR AR AR, =
e AR B- 813 DR LS EUR G, R
RERIE DR, BAESRERNE. R
& 41 % 5 W ( phytoenesynthase, PSY ) J& B- #
BN RA PR, AE MePSY2 JEH 4 X —
AN A SR R R A A R A SRR Y B- B
RINA R E 2, #IEHE P iiEse T MePSY2
SO R R S A (R 2), RS
N BUTE PSY2 B A I 21 5 B 250 8 b M G
SNP 5100 AR | Manes.05G051700 25 5 A~ R

1), M/NZDEE N FRA R SR T MR MePSY2 BOA
[F] 4 7 L Y DNA JF 81 43 5 5F & 1 — A Y1 4 3
Z 5P 5 (cleaved amplified polymorphic sequence,
CAPS) HRICFIPIAS SNAP bRic, iXLLsrFhricf
Fe R ER A KRB F R EEPERCR
23 REFTHREZAR

PR W ot B f AR P AR S TN LX)
RS G T G — A E AR bR Kizoto % 1
PARCGE 2% s BE R R RE, R0 21 6 4~ F 4 % =
() QTLs, 4% % f7 T SSRY9. SSRY313. SSRY32.
SSRY45, SSRY223 Fl SSRY41 FfHi/F . Rabbi 25 ™ i
I Manes.01G123000 4 5 > 5 5] & 42 il T4 o &5 1
fOERESEIN, Rabbi 25 7003 1 AR T RS
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Y ERLQTL, % QTL 5 MePSY2 B ST, XA
WAL ISR (R 1), R AR BARBE YA T 5
THSENY PREEEAMC, X 5EIAUIL
Ry T R AR A AT R R — A
L, SR B EBIIER . LR, Zhang 5 -2
MR 3 AP T & AL (K 1),
24 RE ARG AW EFER

ARBWCR G —MWAE 3 d T, B EER
AR, XFARERA MR R R G4 HE
A% Jii ( post-harvest physiological deterioration, PPD )",
F = R4 T PPD S BURH5 R ARLER - Y 5% L)
b, HHZTRR R 2 {00 1 PPD AR K
55T 1E A (reactive oxygen species, ROS ).
HAERIEAE S . AR A T S A R S
MISCHAR T, BRI B AR
kg ( superoxide dismutase, SOD ) KX MeCu/ZnSOD
Fid AL S (catalase, CAT ) JE[H MeCATI 1% 3%
IR K 2 M M i SRR PPD & 2B ATAEZE 10 d LA E 1Y,
LI ROS P A0 PPD KA EF R (R2).
TARBIL N & G, 3X 5 T A Y R LA
et
25 RERHFSEAH

AR A FURET (RTAR S ) 16 U et
A iEty, FE LD REE 1T (linamarin ) FH fk
HE 1T (lotaustralin ) PRI AP JE X A7 72, 20 00l 5 K A
B [ 95%-97% F 3%-5%, A 2 UL L- 45
MR L- 5e Z RN HIAR, 7840 {0 3R P450 il 4
fiff ( CYP450-monooxygenases, CYP) CYP79D1/D2.
CYP71E Iz ML ( UDP-glucosyltransferase,
UGT ) UGTSSK4/KS % 3 A~ i 19 i 1k & 5 i ™,
283 W) B AR A B PR vh, gE T AE B- A B
B (B-glucosidases, GLS ) Fll ¥ 3t fif 2 i 1
( a-hydroxynitrile lyases, HNL ) H/EF T~ B il A 2
EY A SR ( hydrogen cyanide, HCN ), HCN &+
e AR R AR AR B AL B A GBI 2R . Kiizoto
25 OT DIRUCE AR BB, A I F) 2 A A B
HLHCN & 8 19 £ 4% QTL, 43 %17 F SSRY105 il
SSRY242 [ffi, H.FAS QTL S hnEs N . Whankaew
25 VUK ) S AN AR HON S QTL, 4341

P F 2 SN CA384 Fl CA425 Z ], 55 3% 50
FEAY SSRY36 1 NS169 Z 1], 5 S ZEBi#ER) SSRY28
I SSRY106 Z 6] ( TTMk AR A, MR T HEAK 26%
R B ), 10 5 3 B Y CAS9 il CA41 2
[\, 115 # A CA382 fil CA213 Z (], Ogbonna
4 USSR B 1380 A R, REF
ZHZ YR HON &5, 78 14 S afke
BLBN—ATTRRFEN 7% WAL, AL S — A G
4 H'-ATPase [ 5L A, 1 16 5 Gy €@ {4 6 ) 5] — 4>
TTRRZE S 30% WAL, L R S A gt £ 2
W KA A A W AN HER 32 25 11 (multidrug and toxic
compound extrusion, MATE ) Manes.16G007900 #0
Manes.16G008000, %5y 3 P )3 81 F /5 & BT # 76
B ANINETFA— G — ABFERAD (NARREAE
HIREIR ), 51 E BRI (R 1),
S )it A A W R B AR B HAR iR 5 3R 08 HNLL W]
DU B0 R i 1 (K 2). KT ARE R
HIR HON 5 i 1 st AL S mb AR AL A 75 2Lk — 2
R
3 AREFREYFEEER
3.1 RFH#RFAHA

ARBERKFBN 10-12 11, —8AE 2-4 A
A, EEW (A 60 d N ) FIBRARIE s (
KIG 60-90 d) IEAL TR HIIX B B (R4 11 H
WENIRAE 5 A ), A5 % TSMhamfeE 5
T 5 A E AR R R AL Bk
TeERCETARTER BN, DT I A 7 1t e
)ﬁ—Fﬁ% [ 82-83 JO

KBTI 8 5L A2 4 AH oG i e 4R 7RI 10
E(R2), RERX R MASHE. KE
e 1y 1 5 A v R SR B AR DA AR AR
W FIEOCR A, TEAE UK, AR — RO i s
ORI . WINPT AAARRE Sy B NEE P T Y)
JBT . $EINK 53 FH ARG A AR IR 1 5
i 11 DREB ( dehydration responsive element bin-
ding protein ) J& T AP2 # 5% [N W ALK 5K 0%, 1) 3%
KA MeDREBID B4 I AH K th — LE3:) S 1L 4
fifi (peroxidase, POD ) i 1k i 2 [N R ik it 3o, N
T J#% (malondialdehyde, MDA ) #3800, $rrEE
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300 371K MeDREBIA BOA S RIBK A IR o ik
KO, HURPERGR U AR AP2 FLR T MeRAVS
{2k POD i 14 01 PR A 5t B it 2 ( cinnamyl-alcohol
dehydrogenase, CAD ) MeCADIS 3255, 51
J N g E AL A Chydrogen peroxide, H,0, ) 7% i [ A
FNIEA B R BR , SEOR Sk ks
CC RABRHAEMHEM (glutaredoxins, GRX ) J& TAFEIML
LR, SRR YR s R, 2
TN ROSFHG T B2 4y ™, B IEN M4
REW], K2 MeGRX785 Fl MeGRX232 FEIK 0] L 43
Sl 858 2 R AN UL R T A AR BT 5 5 MeGRX058
Il MeGRX360 K& [K] AT L 1E 18 42 A5 0L R S R AR 1
BT 1 Fik MeGRX1S 186 3 5 400 7 b
B9 MDA 5 g &R, V%R (abscisci acid, ABA )
TR, PURAES AL MeGRXC3 A2 % s
e R AT R CAT W& HES DI H,0, 43 L FI ABA
AR AL s AR RO ),
EHERERY], GRX AEAREHL R P AR Y TR AL
il Rk MeCw/ZnSOD Fl MeCATI 1% 3 H AR
EHIFR ROS SRR, U PERIBLIE R 0,
Ruan % V7 BF58 & BL— A% ABA i 3R I AR,
KT MeMYB2 i) RNA THUB RTINS 50 . AR
CBL ( calcineurin B-lile proteins ) HAFZE 1340 ( CBL
interact protein kinase, CIPK ) MeCIPK23 {1}t Whirly
e S R ¥ MeWHY 1/2/3 15 9- it - PR KB % b
E W %A B ( nine-cis-epoxycarotenoid dioxygenase,
NCED ) JE[H MeNCEDI J3 5 T 1 PB BLAA 45 5 3k 1fi
VUG ABA 43S0 B, R R K SR bR A P
P 3 1 (heat shock protein, HSP ) MeHSP90.9 5
MeCATI BARJE, SUEANMAN H,0, & vk
AR BERAR AL TE,  [R]IF MeHSP90.9 i 4% s [H]
F MeWRKY20 5 MeNCEDS 3:H )3 311 W-box JC
7 (TTGACC ) HETMfEHE ABA FRE  HL kg
B IR K B SR A SPLY ( squamosa promoter
binding protein like 9) [ i % 2K 1% & X rMeSPLY-
SRDX WY FEIRBAEMR AL T R . IHEmR . fIE
PERESE B B DA AN, SRR (jasmonic acid,
JA) Friuiin, HrRERRAR 0L AR AR R
FIEAE R MeSDD T 388 3 FEAR AL 38 BE il /K 7 Hi R
SR AR SRR AP R Y AR BT I

FEH MeSCL30 ( spliceosomal component-like 30 ) i 12
ABA 5 SRR AR TERR ROS A 0520 iz 5 P4 (1)
Tk PR TR RO PR R P R
IR 1 K5 AR BT #: [ (two-Zn-knuckles-type arginine/
serine rich protein, RS2Z ) F % W, 0t MeRSZ21b i 1:f
I3 ABA (ISR AR Y FLOCH] , ST /K 3Bk
BRI B AT AR AOPTE ", Dong 45 14 YL LN
IIPTEIREN], — 2 T RE S RN AR AR 4 5
RNA ( long non-coding RNA, IncRNA ) DIR 8 1 ¥4 i1
I AR 5 e 1 iR AR R R AP R . AR AT LU
Ao FE A I T N AT M X I e R Y, SR
FEEFE N ( isopentenyl transferases, IPT ) A A
Oy PRI TN | M R R R A B TR S IPT
FR B i SRR BUR AR B IR Z BL, IPT W LL A 4%
R e A A 0 R ER T R B IE SR BT Y
HBY, e PR SEE R H BEH B be s s Fe
SRR, BEILIR ST R LA MeMYBI0S fiE
b AT I R B SRR AT Rk sk
PUR I REIE R A PRIEAR SR 3 P AR LR
PR HEHR IR
32 AREFREER

TEEFSE RN, ARE RS TR AL 30° 2
(] P BT R A0 AT b X, AR 32 BIIR W i8
WF, T AR szl Rk ZERS . EMHIRIE, T
YUY WU 52 AR 30 )-SR R DR A TE A R
32 BRI = R R KRE P bR Ry
PLEEDNRE AL IR AR > (3R 2). AH W Ay 51 AN
PUFENE AT BE th AH ] p B A &, Bl dnad 3Rk K
MeDREBID F1 MeDREBIA 1 8L ¥ I+ #l £ Bt 9 1k 35
3 O R MeMYB2 ) RNA Tt A bk He BF 2
BB TERE S 3R T, M R A K MeCu/ZnSOD
Y5 MeCATI 5, MeCu/ZnSOD 54U I Il BR 3 AL Yy 1
(‘aseorbateperoxidase, APX ) FE[K MeAPX2 [/)5% 3R
AR ROS BURIFRAR, LIV 0V tesh,
RSN T MeTCP4 3l 1 38T BR ROS i e 2%
BRI 9 BLIEHE ™, Li 45 R BUACHE IncRNA
CRIRI 3L FAZF& AR 1 MeCSP5 (RNA 737145 )
fie #E—HEA KA CBF ( C-repeat binding factor ) #4%
PRV e IO AF DG B DR Py S, T4 i R S P B € 1

\/_4 A
4,
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TS IR 4 B Sy = i AR T8 5% IO 24 2 B
ORISR LRI
33 ARERSHHAR

TEIE 219 50 4, AT 15 TA Sy ZUNE Jii JH B
Z, fEYr- st astis, DR T LR/ m o ok
R, ] B s ot 1 R RUIE 1) 9 2R FR PR 58 7
e L0931 i R R v A A TR X 3 7 AR £
R R O E B, Liang 55 O FH 1) g
1% 2 S W v B B — A~ g 11 AU s B T R B AR
WHEH MeNPF4.5, 25 2 i8R L5 3405, M
Fe PP AR, fEAREUIE AN IE & BB AT, Ha
ik MeNPF4.5 RKZE MM AE K E 4 SeaEME
Ji¥GsE . e R R, AR WBCSCRE I, A,
MeNPF4.5 RNA T4 bk & 06 & 1E A8 1 flA &
WS K R R AR, HE— 2D FSE R B, MeNPF4.5
A] HE S 18 o B AR TAA B g G0 S A
FEOR2), FRME KA (nitilase ) AR A K
SONIT4A/B1 Fil SENIT4A/B2 2 55 7K fift ey 3 v 11
AW H N AR (B-cyanoalanine ) ¥ 3L 2K 2 i
( 4-hydroxyphenylacetonitrile ), X — &2 [ )i 8K (i
FE ) RE A8 1) FH AR SR 4 S ] 3 i A0 T PR3 B 5
ALY . Kannangara 25 178 HfE A S nt F
o 8 I JRR i R T BKAR AT REAE AR, TR A
RIGAF A R E LR, Ak, BT L4518
WEMARER LR, KR SOEE ARET FI
TCP19. EFT NLP7 7318 SN RE S E WIS AR
R AR I Y e A LR TR S T,
4 AREEYFEEEEER
4.1 KREHAAR

RELEENETIZ2E 2R R NS, 1
G DL 48 459 ( cassava brown streak, CBSD ). f£ M
5 (cassava mosaic disease, CMD ) Fl14H [# 1 2= 5 95
( cassava bacterial blight, CBB ) iz A ™5 698
4.1.1 R CBSD F K CBSD J& —Fi & 45 1 4%
SRS R, FEEAETEIEMMIX, EAEk, B
ff) CBSD U Mk & AN 7 & B0, CBSD 3 # &
51 A I K B R R A FAR SR IR AT 0,
Kayondo 25 """ I} GWAS 436 51— Sk %y
20% HHL CBSD 19 QTL, Z XAl { 4 A (3R

1), Kawuki 2 00 5 (7 5 T 3 /M40 CBSD 5 16 3 [H
(F£1)

412 AKEPCMD EEF CMD iy AU EUR G5 1%
TG, LR EMAEMNfEE A E, B &k
T 11 ALh By CMD /AP, Horb 9 ASUETFAEM, 5
Hh 2 A0 BRI T P R AU A< BE 3, CMD AJ
DA | A g i ROt 7 25%-90% '™, 24, B
2R CMD ZF PR . SRk 2
H ARSI ( Manihot glaziovii ) B, X —2$itE
Nz bk 2SN, Widn s CMDI, #53 CMDI
(A fb A (0 TMS30572 ) |32 I AR AR U 2= R AN P S 5
5528 CMD Btk R R dn 24 CMD2, KE AL 20t
FEUEHE W CMD2 2 Ri R 1)) Rabbi 4 1
I Thuy 25 100 ¥ % B CMD2 5 S12_7926132 3% 5,
P4 POD HYSERIBE e CMD2 (1), XY
Rabbi 25 "7 Fl Wolfe 25 """ fyBF 5 45 Wy &, M
A, Manes.14G058400 UL AT E L CMD2 FyfGEEIEA
( 1), Okogbenin %5 "' 7F TMS97/2205 1 5E 37 %]
—ANEPL CMD Y 32584 QTL CMD3, CMD3 5 SSR 43
FARic NS198 & #, X 465rFHRic ki CMD itk
FEIH AAE A 2 35 v A B 52 et

413 AKEEH CBB E N CBB ] LA 5] 2 A 2 K
i RO R, B Al & 9200 ML R
MeWRKY79 Fl #4 #4 £ 11 MeHsfo0 43 5l 2% 4 #£ N-
Tt -5- % 6 g A WY BE 5% % i ( N-acetylserotonin
O-methyltransferase, ASMT ) J&[K MeASMT2 J3sh¥ I
[ W-box Fl IR B JC A4 HSE, 375 MeASMT2 1) 3
ik, WAL AR LK (melatonin) FLE, S E(CBB
ks O PUKEE 1 MeHsfs3 18 1 1 HE5 fhiE
A CHEIE N EDSI ((enhanced disease susceptibility
1) 1T 39 2 AH ¢ 8 F (pathogenesis-related pro-
tein, PR ) J&[H PRI BRIBH T FBOKAIR (salicylic
acid, SA) HFRZ, WX CBB MHitE . 4 MK
% DELLA ( DELLA1/2/3/4 ) & {3 3 2 gF AR S it
FUE £ CBB Hitk ' 4 1AK% NBS-LRR ( nucle-
otide hinding site-leucine-rich repeats ) & [Xif 12 1F 1]
IR SA I ROS FIFR B4 4ExT CBB Bt s
i #38 WRKY27 Fl WRKY33 fE 1 35 40 B JF 4 bk
XF CBB i HL 1, UL 2R WRKY27 Fl WRKY33 ik 1
KB BRGT CBB K BLEURE R MeWRKY20 i
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Tl AR 2 D P S G A i e A e Sy AR AEEXT CBB 4T
P 2% MeHSP90.9-MeSGT1-MeRAR1 23 T AR & 4
K5 MeATGs HAEfil & AWR(E 5k, BAFHR
BRI R CBB R PP SE L Ik, MeWRKY20
Fl MeHSP90.9 72 — PR Z 5 B (BT 5 FHt CBB ),
I3 AR MeDNAJA2 520 5 11 S EH: % 1 MeHAM1
AAEAER, )i o 20 26 1 S BB i K R
B R T i s, AR KA IR G A, AT
BB M (e 2),

4.1.4 KREFMERIER AKEHREW (cassava root
rot, CRR ) &2/ AR B HAR 1) + ke I 0y Bk
i L FERTAT 5 CRR A 6 R U
PISERETE ( Phytophthora ) A8k JITE ( Fusarium ) i
AT, W G EPAER (soft root rot, SRR ),
J5 B TAREW (dry root rot, DRR) "7, %
ZFEREFL ( Botryosphaeriaceae ) 9 Ji B {2 Y HUAR 5
LG A AR JE Y (black root rot, BRR ), Brito 45 (18]
FIF 263 A~ BBk A 14 094 4~ SNP #E4T GWAS 4347,
Rl E] 30 4~5 DRR $01ESCHE 4 SNP,

42 REFHRRKERA

4.2.1 K ZE P A b gk i 355 (two-spotted
spider mite, TMMS ) J&—Ffi AR E M 24 kR,
TEF [ TMMS W] 38 BRI 50%-70% , 474655 H
T BB AT S Y Chen 28 1T LIHT TMMS
ASEFP A TMMS BB A ST R X e R, )
P A IR & 0 R B, ToAE (0 30k I il
(leucoanthocyanidin reductase, LAR ) FERFEH R=ib
JE R ( anthocyanidin reductase, ANR ) LR YRk
SR ERE IR, 3K LAR FI ANR H]
DISE RN SRR AR A BT i, H 9RO SE TMMS (19
Pibk (3R2), LAR FANR AIVE AR SEHT TMMS (R
AR B

422 AREPLAAINEIERE AR RINE (cassava
green mite, CGM ) 72— R0 g 4L, AR
B R BRI 7R, SRR Sk,
Ezenwaka %5 ' ) 845 A B bk Sl BEAR, 168 5 Yy
R K 5] 35 4~ SNPs 5 COM Btk i A0 G, B
— R 17 Mk A (R 1), Hh— il
MYB % 55 [H - (1) 3 [ Manes.08G058000 4 51 &2 6 ]

F 1P 1), SR, Manes.08G058000 2 75 1] LI
i COM TR ZUESE
5 RE

FAXS T EARAEY), AR IEREAT S I8 + 73 i
Ja . — 7 TR ANEY BRI R AT IR,
T3 Bb— 5 T AR S DR 20 114 15 8 2 AR R 1Y
AT ML) TR A e . PR B RO
s> (International Center for Tropical Agriculture, CIAT )
I [ B #is 4 Mk WF 5% B (International Institute of
Tropical Agriculture, IITA ) 25 K ZWF 53 HLF P14
AR E R BT, 3 R GWAS 3 B 2 4 Ak
R 755k, M, T AREEHERGH
FEARVEY), H AS I — S ok i R 4 4 i B s vtk
FRLARIL, ATAFET A 53R TR A/ NIURLA
R e s bR SO T R S A S
Wy o B2 3 R T R A AR T,
KBLT X CBSD HUlEHgsi AR bR > VR e
VT BATE DA SR il BTk 048 S oRACHY A 2843
BRI R BT T R RS B Y, #
SCHFSE B3 A BAA) FH 4% 2 ( Solanum tuberosum ) H
S5 B e BRI R B RSO S50 S arl . 1
LR A MY FE A wos T FFEET F ASAS R FNH P 5E I 5
S-RNase F1 Sli ( Slocus inhibitor ) "', FTFLL 143
Br, YRR B 5873 B i At 2 AR L TR 2 4l
MR R, AoRAT LA A 58— 040 B Bk
MR, GG TR TR 2 I e RN A P 3 5 3 B
( bulked segregant analysis, BSA ) TR
HURVE R & 5458 . HON & #RAL, R AR
R, U DR R R S R LA
SERER > FHRCIFRIITE . T3ob, TrEf BRI 22 |
sk doy . A A S ARG, 4
G AR B AR AR Rk PR R, SEEAE
ZEFFTRIEAE | 5 PPD 4705 | HUFEE A XU A BE A
SRy, BRFRALE T E e A, DIRE D)
REREDAHBE ST 0y T8, RETH N TF 7 e & R
FAUE B BIRERE ARG, R ARE
TR L F A YR (GRS PPD Y5t
AL BEREAN 73U, Anger g SCRNIX 7 AR & 7 1Y
ANTFI B BT 0 i 1 I e AR T PR A A R R
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Z 5k A IR IIRE, KRRG-S RS
SETAFAEMBIRALESE ), HEDEAE I RESRL N A5,
P D RERE AL B B B T B MR R R,
T SRR MEAE B i Bl B FLSL I 2R R , AR A W)
DT T T R R RER
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