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Abstract As modern crop breeding faces increasing complexity from long R&D cycles, rising resource costs, stringent regulatory
frameworks, and growing data demands, traditional in-house models often fail to provide scalable and compliant solutions. This
study proposes a theoretical framework for Breeding Contract Research Organizations (Breeding CROs) based on 25 years of
continuous service experience. Grounded in international CRO models and contextualized for agricultural breeding, the framework
defines five core modules: trial design and technical planning, molecular and field experimentation, data analytics, regulatory
compliance, and extended services. It emphasizes three operational pillars—contract-based collaboration, standardized procedures,
and auditable data systems. Drawing on the developmental trajectory of the Hainan Institute of Tropical Agricultural Resources
(HITAR), the study analyzes the institutional transition from fragmented technical services to a full-platform CRO system. Through
representative global collaboration cases, it articulates how Breeding CROs uniquely integrate scientific rigor, market responsiveness,
and regulatory alignment. The paper also highlights systemic challenges, including the lack of service terminology, fragmented
regulation, and delayed return on investment. Strategic directions are proposed, emphasizing the construction of industry standards,
international interoperability mechanisms, and Al-enabled smart service platforms to support the future transformation of global
breeding systems.

Keywords Breeding CRO; Contract research organization; Breeding service system; Trial design and data analysis; Compliance
and quality management; Seed industry innovation system
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FERDN AL BN . R SRR BB A RO, BRI 2547 Mk % A I A [T 7 4H 2R
(Contract research organization, CRO)ELZ, FFid I IR b AL A BT FE A R 10 I8 2 FR Wi R 205 (Gerullis et
al., 2023; Ivanov et al., 2025). #RT0, fil] 24 408 19 1% M5 AN B B AR A0 . Ji (R & P sl R A2
2RSS, WAMBEEIE. RAERE . MEOESREARRSE, BAEERE M. B, SO
] AN Ul 5 45 25 CRO B, T2 “ B MAES RATFHE — M4 CRO KR,

b E AR IR S5 1A Bl Ak . FRAEAGI T IR JE, — T4 B Bl CRO™IIIR 25 14 R 3, A =0
ARG BRI, WA MRARMEE RIFIT . BRI R IR IiE . Bl /i 56 R &R
Gk 55 R (Gerullis et al., 2023). 7ESLERH, HHF CRO CJEINH BCA AR B I 55 Hr B it B it it /7,
LA Iy R AT s ] I E AR B TR T IO AR DU ROW R R Y I B E TR Y, P HES)
B R RCR 5 A R WU E 2 T (Wasan et al., 2022; Solanki et al., 2024).

AL, —AEENBWEL TR 2B — N LT TNEREHARS T CRO &2 ik, f#
AL B 75 5K« BORBE A TR 8 & 2058 =7 Ml o X R AT G <R . AA A
TR 5 H A B R M S X R R G R g . 2P TS, B CRO R WE B HARSM,
i, THREXSEEREMOHARR P RER? XK, (5 ARSI TR R F1
NE—EREE, RE J7ER 52 5 6 B R M (de Sousa et al., 2021; Gerullis et al., 2023; Lasdun et al., 2024).

ARICHAAEE BB 25 SEARASS B AN B RIS 700t H FESE sk, RGHiE 5 CRO [1HIE I
fifis MRS LT B ERAR, BAERM —NRAMES . TR E R CRO BBHESL., i S8
TN EEESF: (1)F M CRO MR SRS EN; QRIS 7 G0 H IS R R K DA
1 3)ANFVE JERT B s AT B S R BERE T B (4)E bR 5 [ LRSI CRO R RIEE A 71%: (5)
A7l A Fe v T W 14 71 BE SRS 0 B, (O EH T B M. AL 5ERUE ™1 5= TR A R TT M. LU
IR S5 AR R Tl AG . ARHEACATE PRAb 2 SR B SR S SE B S %, OBk A P I 55 A A5 1D
FERHR AL T (5 4 1 rh R 2256

1 CRO WEREMSMESEN
1.1 Hpr CRO A RIBEA 5 B S8 M A

& AR TR ZU(CROY BT 20 tH2d 70 SEARTIZGATIML I, 2RO 25 R R A FE S8 N pioA b7+ 0
WA T PR 1 R G T S (Wasan et al., 2022). B I PRSI &8 BRI 48 5 5 U (ICH-GCP) . R 45K
B = MV (GLP) 55 E PR HLVE A2, CRO V55 Y0 Bl RER 72, B AR A I PRI SS SR e i 5 25
YIIT R A RIRIN G SRS T 6, 25 MBR I A . 245 B A B . 24 Sy W R e 4 & o
BETAEIT, YRR AN 1)L 23R (Beach, 2001; Solanki et al., 2024).

AL AZ O BB AE Tl i T AL AME BRI R AR 5 IS, RIS A B AR =07 P SR ICHT AR . RiG
XA ARAL . CRO #EIRAE B 25T L B 5, HHE S T A HR . RGBSl ATk, TR SE
IS EMFI . MR 22 A VP AN 52 R %5 AR 45 46 M (Kumar and Paul, 2019), AR4k CRO Ik JE,
TR B E TR S R <F F CRO”, BL5E T HI5 I FEHEL 5 S IR AR (R 1),

1.2 §f CRO K& X5 R4 HRAE

TEARM A E MO, FROBEARERZ U —RE. RZ2AFMPEEBESAE, FEREEAL.
RGER GRS 0T YA PR E . 5 2 TR LE A, B R CROVEL AL I HAA 1 A2 [ S E P i A%
R AR, SREEMT R MBI ARl ARG B o A B A RIS R I e 1 e R S5 R R
(3% 2) (Wasan et al., 2022; Solanki et al., 2024).

ZRARE T H QIR E N —R—HoRAM, JFH TN R IAT . BB, R 5k
PO — R B SRR P o HAZORHERBLE DY A J5 1 . Ho—, A EENLE], 8 & R 25
FITRTT FUREARE. IR S SRR R, B AR XS . T, AL R, S IRARHEERAE
A (SOP) 55 i 4 B AR 2 (1 GLP it &k 2) i (Rl e 1 R i — Btk . =, Siitie s di vl sl
MEE G BB EE i R L BR, TR RE B B . DU, SRS R RS, B A e
SE - FAEEEYI(GMO) % A PP SE BRI R EL AL -

2
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BT BRHRHIE, ASCEE R CRO FUEN: HESAEME MR, feftariill, mTs. it
KRGS AR, SCRFR ST 5 & AL ZR AT &

1 ANFE R AUt CRO RS B

Table 1 Comparison of CRO service models across application domains

82 FH 4k kS N FHEEFTT I DR IE
Application domain Core service components Major clients Regulatory interface characteristics
il 24 GO WARRIAT . BB/ 2, BSEBIA N RN R R 2 GCP/GLP
Pharmaceuticals Mgt 5N SR ] K A AL
Pharmacology and toxicology Innovative and generic Drug regulatory authorities, ethics
studies; clinical trial execution; pharmaceutical companies; committees, GCP/GLP inspection
biostatistics and registration support  multinational pharma companies agencies
GRUES TN LI EHA . RN ThREE AMFEARAT . BB Thee AEVH] & PP . ThRE S AR
Biotechnology b BeIE 5 o i B an ik #E il 52 ¥ {7 Biological product
Laboratory studies; in vitro/in vivo Biotech companies, research review agencies; functional product
evaluation; functional food validation institutes, functional food standards organizations
and data management companies
Tl ERM T REAPAGN 22N BOr R, RE L RVEFIH . I8 RA/MERISICEERT]. Rl
Agriculture & M. BB S SR TR g AL BN PRER=RIIN
agrochemical il Pesticide companies; agricultural Pesticide/fertilizer registration
products Safety evaluation of pesticides/seed research institutes; regulatory authorities; agricultural and
treatments; formulation optimization; agencies environmental regulators

field trials; residue studies and
registration dossier preparation

AW MRLEIH . o FRill. HENAER . P AR BHFRAL EVE R WEEE . 22N, AW
Bio-tech breeding R Hr. IS . A WAL ZERERG
¥ Seed companies; research Variety registration authorities;
Germplasm development; molecular institutions; breeding-focused safety evaluation agencies;
analysis; field trials; phenotyping; start-ups biosafety regulatory systems

data  reporting; regulatory and
compliance support

R 2AEGHAIER S B M CRO B AL

Table 2 Comparison of traditional breeding collaboration model and CRO breeding model

(AR (RSN CRO H P

Traditional breeding collaboration CRO breeding model

FEER. FETRAKEE T EFRNEE

Informal, relationship-based cooperation Contract-based cooperation
PRI R R REL . RGLTRTE
Fragmented, ad hoc processes Standardized, systematic processes
Hm L, HELE ) AR AR IR B B

Data dispersed, difficult to trace Auditable, traceable data chain
LRI R R [(TEEEERES

Outputs not aligned with regulations Regulation-oriented outputs

1.3 HREMELR: Bk, FehE5EHBHE

B CRO Ky 7 HbAl 7 G40 5 A H0A B PR 6 45 MIRE 22 o FLR B Ak IR 45 1k 2 AT 9 ol 7 = 80 (1
ARIGHT 5 H AR BRAZIR ) P55 U5 5 40 TR0 I (R 1) 5 35 R R BGAIF ) . F Ja) 5 2 B PP (22 Ak S5 800
KA. BAR MRS 0, B EAR AR SE) . AR R B & S A ) R B, B
HeBEREM AL IE1T, WA ESCAMNERRSHE, WEANIF T R RALT R,

FEWERNER AT 6—E5—WRRX =R5H, RETRTER, s, il BR%. i
BEEML K BB G5 — B4 R RS ENRE TR T SRR B, Wk kit 5
3
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RBETT AR BRI e DR BCRZ NGRS TR R . Pk S S A AR R A
%07 N

NTHREMIAE, FH CRO LAY E — ™ H 58 % H AR BUMEHE 2 iR BEAE 2L . iZHESLHA
WREZ THANE, 2T REDILNDA), BiikfEE N —REEM BRI MTA), BLE R
SRS IRER R AL TR s =2 B RIR AL S B Vg 26k (P), @SE T IB W, AR S . 2L
sty H=Jr T BRI, DR e & (FX— RSP i, CRO ALAEH
AL IE R TRA LTS s RN R, g Al E R NI 6 R

2 B CRO RSk &Mk
I X BT — AT — 5 BT — B I — 0 TR R S R I i SR AR B3, B AP CRO A SE86 11
R, HRRESEE SOREEE, BAMREMARAT G, BEl. SPLTHRE.

2.1 FAT RS TERIR

PR B R A (0 “ gt R 5 K™, CRO FE RT3 B2 (8 = KA O IR 5% (DA 3SR fiAe S AR, 2T
HER MR 5SS 5, kR IR G SRR RRAS: )R E MBS TR, FIH Blib F & 4%
TR TR B LS R IF U B nm B, TP BT R Q)Y TR IC TR, SERGESHET 2. dRicH A
K CRISPR H: A 248 MG PPAd o IX—FBt, CRO AR EIATE, RS EEE, A <2
BB 1) AR A B R 5 T (T 1)

2.2 A S H E R HAT

oy RIS AR AT 2 B Fh CRO AR5 M EEAYT . £ R 5, CRO H&4t— Lk R 1)
AE, WA mEEED TRV 6, SR ARSI &5 5 KA NI (PCR/GPCR 45). Fe LR /4 < H I IE |
RIEAKTAEI 5 B AR HI TR B AR SS . £ H ARG T T, CRO Wl 2 A 2 5 A FH 8] 2 PR 2R
PATHEORVEH R, 3T 0. 24, SMREIENESEH T/, 48K, mEERMTrEar
BHIRTIRCR . B4k, MEIFHAT RN SIS HAR(GE)yulin ikit, RGVHEM A S A ETE N

2.3 ZHRBAEITERST RS

2 YERE T 5 2 A R G2 CRO R 2% Bdla F4 A0 uml R SRAS B A% DA AL . 248 RAKFE ST TH i A
HSANTEREATF G, i, @ 2 MR- ARG R VERA,  SEELm A2 MBI i 5
1B GXE AR Mot Uik, AR R ARG e M SR A — 2k ST LT &, Sk RaR 532
H xS FE TR S BETT A TR AR, 5 B AR DA FA B8 25 A Rt Ao B PR o RS A
A SR EIES, A AT E . LHAREE RS B R TR

24 AR RS FEITEON#

AL 5 VR DR RS CRO P& Al MR BB %4k Rl i =AU S B A AR : (1)
TR A GLP ARUER S A E TS, W I ie A B . BT — bR iRIB R RS N BRI
EZEHLE] QM — AR E B L RS, EEEAZ RS SRS 2 . GMO A ELREOX K VA
A SHEARGEZMEL: Q) IANBFHF B RS, LASTHU A 40 2 (1) ST n] MEAL I 4% 5 7006 s (52
HE A #E, 2012),

2 JFPFEEHRRSHR

BARE R CRO IEAE BEALT S AR 3), AIE: — T, MEEIEY. BIEEIRE, w
RN R, ESEIESE: HorH, @5 AT 6. mim ARG RN TR BhAk, ESCRF
BRBER RIS =TT eSS, R AC S R A rp S

3 Bff CRO HAEISZRREEZR S RHIM& 27
3.1 PS4 ER CRO HIELERZE

15 8 AT RO BEYEAIE ST 25 4FE K 11 CRO KB Z T T WA NEHIE N B« i AR 55 F & 1 2,
X — IR B T HLM B SRS eI T, AR 2ERE R CRO NEARMTTIMLHFE10. RSt
TR S R L

RS TIRER AT R 59 =B BL
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H—PrBL(2000-2005 4F):  LASLiE AN E K KRG Ac/Ds RALFET H AARFR, WFFURTE M T R
R . DI RARE B o B A AR R R, JTR T BLbrEAL BRI 9 R A ) CRO 5% 4k
o

BB Be(2005-2010 4F): FESE S HIANEEWIHORES [F A R 10 87 G4, JFR/KEE GMO HI[AIZEZS 1P A,
HRAGHEREREX . EVLERRE GG HE, e NERE ffE .

=B (2010 £ LL5): A5 ZEE SynTech Research #3748k CRO BRI & 1 brd, 41k N i 3]
U R R B, B TEXI. ZE. ZEVRNIBITHSGEET), mEEERTFEIEM CRO 1)
B

4 Flt i 3845 AR X )
Target market & trait definition
iR
¥ Market needs
,1’ o PEARiR Sl
’ Trait priorities
s - kR
’,’ \_ Key trait combination J
’
: v
! 4 - ™
; B0 0
I Simulation & predictive modeling
: - i
[ M
H - T B
1 Predictive models
i « BRI A5
1 \_ Model-assisted decision J = 2 e A R N
: Crossing strategy & population planning
: * AezEikil
| Cross design
Vo EETEE A H RS R ek IE < BRRREE
\  Evidence-driven refinement of abjectives Population size
% and trait priorities * :'L{"‘_’J ®
i ) Selection scheme i
\ *
' — 3 F R
\ 4 ARG ERREES
\ Molecular marker & gene-editing support
5 - FRtIFR
S Marker development
Y = Panelflift
Panel optimization
M v « G0 i
! i s Editing risk screen
. Rk R LA \ g risk sere 3
\\‘ Trial system & milestone design J
< R R
Trial layout
cEBEHR
Multi-location plan
» R EER
Key milestones

Kl 1 &l CRO Rt S HRFHESE

E: B 1 RBIR T B FA R 24H 2R (breeding contract research organizations, CRO) Y i i R S SCRFAE LS, [ BH T IR T E
Tt E bR BT e R e 1k S AL D T RAT G A 2 H AR T S IR E SUUE D BRI RS A, 3B I B0l 5 O, AN [R] & o
PEREAT RS B Al S0t e, AR BEEERR b, DUACR S SRIE SRERANR, JFit— P 5 N> TARC 53 K g SO HF, DRIk £
RERIFIF R R A, BIR PR S HARBE PR ZOC R Tk g ik £ 5 B ¥, BT 2 a0l A5 500, B B LR
S5 el it e, e 45 SR T TR BRKE R S5 7] F T 8 i H b S MR e RIS B IE, A3 7 B Fh CRO SCH# T B Mid s
) B & R S AURE

Figure 1 Front-end decision support framework of breeding CROs

Note: Figure 1 presents the front-end decision support framework of breeding contract research organizations (CROs), illustrating
how market-oriented breeding objectives are systematically translated into executable trial systems; Target market and trait definition
serve as the strategic entry point, guiding simulation and predictive modeling that evaluates alternative breeding pathways through
model-as- sisted decision-making; Based on these predictive assessments, crossing strategies and population planning are optimized,
followed by molecular marker and gene-editing support that enables efficient selection and risk screening; These components
collectively converge into the design of trial systems and milestones for multi-location implementation; The dashed feedback loop

indicates evidence-driven refinement of breeding objectives and trait priorities based on trial outcomes,highlighting the adaptive and
iterative nature of CRO-sup- ported breeding programs
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R 3 AAMRE S Hr /AT S 75

Table 3 Integration mode of breeding CRO service module with digitalization/Al

JilFER BER FAE BN AR /AT LERRIE

Service module Key activities / technologies Digital/Al integration formats

et HATTT W, BEAAR, PRic/HEgmiETr & BT, TR

Trial design Design of hybridization schemes, population planning, Simulation analysis and predictive models

and marker/gene-editing schemes
L6 % 5 H AT PCR/QPCR, ¥6IERIFAFIRIE, HIERL, £aME  mEETa. BERSEEERY
Laboratory and  field PCR/qPCR, transgenic event verification, field trials, and High-throughput platforms, remote sensing,

execution multi-location layout and high-throughput phenotyping

K 7 A 5 R ZAS ZAYRIRBEAY, GXE 734, Hds T ¥4k, AL 4B 74 B2 IR, 22 B Ak SRACRAR

Data analysis and Multi-trait models, GXE analysis, data visualization, and Machine learning models and interactive
deliverables Al-assisted analysis decision dashboards

RS M SR GLP 1A &, GMO/ftFh 8 id, wiTiaes et st 2. OB ET &
Compliance and regulatory GLP systems, GMO/variety registration, and audit trails Digital audit systems and document
support management platforms

IR MR 55 R BARBERIAE, ALV GHEM, mmaMmEdEEEER e, AL Bk B iRss 4%

Extended service modules Technology transfer validation, Al platform integration, [
and construction of cloud-based breeding databases Cloud databases, Al analysis pipelines, and
data service interfaces

3.2 BB GERBIERK
3.2.1 ) 1: JKFE Ac/Ds 58738 FE % 52 (2000-2005)

I H M T4 3 A Ac/Ds AN TR, W T NFHAR LT RALGEFAROCES, Fg— i 5%
PR T A, 2 R RIS 1)« R G BRI R I I ) AR S

3.2.2 Z450 2. L ELPRKAE H R A A VEAE (2005-2012)
WEFCHTEENL T GLP VG T B8 B a0 i R, S8R 1 A2 25 520 M 0 A= ) 2 4 1 s o 1) R ER RO R 2L
PR EE AR LA E L CRO 434138 7 GMO & FLIHA K 2 i FE R A1

3.2.3 &1 3: 5 SynTech 4ERA1F(2006-2020)

L5 SynTech &1EJ& , W 5T B IR 5544 Rtk — PR NGB G4 5 Kk e 21 2 (OECD) il i 146 27 b Mk 3 R
FBRIN A b 22 42 R (EFS A) KA B AR A% B 90 45 [ B b v, S 17 AN SR AR B4R 75 2 5 A AR I b
b Bt A o ARRGIAIL 7 AR E M CRO fE“T7 755 5 < E FRit B2 90 WS 7 T A, bR H
K55 58 1 B ARPAT IR T+ 2 BRIV i) 2 A H

3.2.4 2 4: CropDesign TraitMill /=il 5% %17 4(2003-2007)

W FHT & 4% Crop Design B NFZ AR F], 121 ] 75 1 4 TraitMill = &R A1 & 3 3R =5
ERGE RS, BidS5me L BRI SERRAEE &, ik 7 m@EsER AN BRI KFEE Fd 1)
AN, WRESEFITRETEMIUE 28 E A,

3.3 MEM 4 5 1R EALHI

P55 CRO IR B AN TF A i AR 25 55 9 26+ [ BRBHIF IR Rk A N 4%, ANUTE ] A #4220 A 26 X8
v, JERUKRE. KREZSEMEEZ SMRA R, E540 CIRAD. INRA. USDA-ARS. JIC Z5[H FrAL (R
R E R 5IRS A1, WARFRAER B AR 3.

FEMR SRS T, WEFCHTREE T B RV B (IR I H VE ], SRRt S SRR h) 9 Rz Rl (B E R
G EELREAR, SCRSMEPERERD) . PR ML (NDAYREL RS U (MTA) -3 R B (IESE £ 5 R4RM s HT) A o
THCE IR AR AR G HUE) M AZ O I BA R, 456 GLP. GMO LM 5FFiR sk, W2 700 H & 211
“ERUEATIBWS SR ER . SRR b, X EEHLEI S IR 1B SRR el S, ITH
FEARUE 0 ArdTE,  FRPAS R R T W

I R SR RS T 6 R SRR RS AT BUR I B CRO MU LI HAT ATy,
6
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TR FRE . ARG FLAEARY B RS IR M . AHT TR SL L, ~F G5 CRO BN HIRBEAE T
MR 55 RE I AR FRAEXS AR BRAt . JRERAA R SEME 2 Ioil. XA N ER R EF CRO
e SRt B AR 4

4 CRO LEBAESEFERBREAR DS
4.1 TEEERY . YBR[ S E KRR

BF CRO P 5 MRS 00 15 2%« 2t 5 H [a) 2L s i S 20l « SRR =/ R AR =E . 4l TF%.
RN S 7 Lk, FREFMNH & k. AEIERE CIE RS, WREIIAEAE. &R
HAREEW. [FN, A S 2558 8 W28 R e SRR IE NPT 5 GXE BAE 2 HT o<
B, mhs RIS H R B B B . ARSI SV E B A R, MRS BB X BRI — 2, N(GXE)
ST S P

42 FIEER: SOP 5FHRETHIKAFHE

BT KRS 2R UTIE LT SOP 1K %, & CRO Frifb 59 BRI IHIEE R A . 1%k R SR
W BRI BEPAT BERIET . ST SR A A AT IR AR R AR, I I A R A
JREFEH ST, SRR AR S — S

fERbFEA E, 51N GLP #1 1S09001 255 F2 T 1a) i s AE SR, #5 PASEEid 3. LIMS 5 ELN R4 83
Bl ) HE B AR 2R (RS2 A 6, 2012; Diaz et al., 2025), sSEHLAit #2 B R 5 0] & oF PR (B 2).

4.3 NS BRST RETL T KIS R

F AR HEAL & [F) 2% 3RS IR S5 1 OO B F CRO V- G I8 4T 224 1) B ZE LRI (Tekic et al., 2023). 7EI
HRZhHT, W7 RSeE%E NDA 5 MTA W, AE P 205 Bt RS S A AL, DR IR 5 514 X
550 WRJE, ERRAERAL N 5L R AR H 0L, RS RPN A e, B OS2 TUGK, I
G S TUE, AT PRER AR 55 1 %2 42 (Park, 2025).

FEDH AR, 5 SR AU A VAR PR AL, R R ORTT SR L 1R S R A A K,
DA A B iR 55 #E Hh 1& BUAN A E 14 (Manghani, 2011).

4.4 NAE5H: BHET-HZE XU A K R B L]

B CRO iy ZHHBHHZE RIS BIE &R o R, SRR &Bfk . 2 TEwY. 4
THEAESME LW G, L E B TAR R 0T SR B E AT O 5 B R s o AE3 i, UL i 70 /7 B
P RS R BN 2 e, DU ORRRITE Y v e i CGR L SA M3, 2012; Mandal,
2022; Jiang and Chen, 2023).

S R A2 OIS T AL, T S A [ R B RE 22, SEILBOR—L 55— B ER B 3L R,
HESR A LML 5 IAT TT

4.5 B EE: AMAGBERIH EEE KT

TENEHEARRS &, BFEMEREM CRO MZLE. FETHEUF IS T e, BT
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2011).
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2020).
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Figure 2 Governance-oriented SOP and quality management closed-loop in breeding CROs

Note: Figure 2 illustrates a governance-oriented closed-loop system for standard operating procedures (SOPs) and quality
management in breeding contract research organizations (CROs); Under the overarching GLP mindset and ISO 9001 framework,
SOP creation and updates guide staff training, the pre-definition of key traceability items, and project execution with complete and
auditable records; Ex- ecution outcomes and traceability records are systematically reviewed through audits and record assessments
to identify deviations, which trigger corrective and preventive actions (CAPA) and continuous improvement measures; Evidence
generated from deviation analysis and quality review feeds back into SOP revision and version control, forming a self-reinforcing,
audit-ready quality gover- nance loop that supports consistency, traceability, and institutional trust in CRO-supported breeding
activitie
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Figure 3 Impact pathways of conceptual ambiguity and missing standards in breeding CRO services
Note: Figure 3 illustrates the causal and feedback pathways through which conceptual ambiguity and the absence of agreed service
standards undermine the effective functioning of breeding contract research organizations (CROs); Unclear concepts and missing
standards directly lead to misaligned client expectations regarding CRO roles, inconsistent service implementation,and
non-comparable quality assessment practices; These deficiencies collectively reduce interoperability across service modules, data
systems, and regulatory interfaces, ultimately resulting in trust erosion and a "race to the bottom" in the breeding service market; The
dashed feedback loop in- dicates how declining trust and intensified price-based competition further reinforce conceptual ambiguity

and standard fragmentation, creating a self-reinforcing negative cycle that constrains the sustainable development of breeding CRO
platforms
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