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Application of SmartRoot in Phenotype Profile Analysis of Armillaria gallica
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[ Abstract] Objective: To establish a research platform for obtaining accurate phenotypic spectrum data
is a technical difficulty that needs to be resolved in the research of traditional Chinese medicine resources. For
example, the traditional phenotypic characterization method of Armillaria rhizomorph is mostly in a form of
descriptive text, which is subjective and empirical. There is an urgent need for an objective and accurate method
to characterize the phenotype of honey fungus rhizomorph. Method: Based on the image processing software
Image J and the root identification plug-in SmartRoot combined with the Synbiosis ProtoCol 3 image analyzer,
the growth picture of Armillaria spp. was analyzed, and the length, growth rate, branching situation, and angle of
nascent rhizomorph of Armillaria gallica were measured to establish a measurement system for the phenotypic
analysis of Armillaria thizomorph. Result: Based on the method developed in this paper, the growth length,
growth rate, number of branches, angle of nascent rhizomorph, and other phenotypic changes can be analyzed in

a real-time manner without affecting the growth of Armillaria gallica. Armillaria spp. grew fastest at 9-12 days
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after generation, and the angle between the nascent rhizomorph and the parent rhizomorph was nearly vertical.
This method had a certain correlation with the dry weight of traditional Armillaria biomass phenotypic
parameters, with a high value in practical application. Conclusion: This study has established an objective,
accurate, fast and real-time phenotypic analysis and measurement system for Armillaria rhizomorph, which

expands the scope of application of SmartRoot and can be used for phenotypic analysis of traditional Chinese

medicine resources under controlled experimental conditions.
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Fig. 1  Schematic diagram of tracking Armillaria rhizomorph

with SmartRoot
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®1 HEEKE(=10)
Table 1 Total length of rhizomorph(n=10)
i 1 2 3 4 5 6 7 8 9 10 (F+5)
KA
1 — — — — — — — — — — —
P - _ _ - _ _ - _ - _ -
3 —_ — — — —_ — —_ — —_ —_ —
4 - - - - - - 0.02 - - - 0.02
5 - 0.11 - - - - 0.04 - - - 0.01+0.03
6 0.73 0.64 - - - - 0.05 - - - 0.14+0.27
7 593 2.45 0.01 - - 0.01 0.98 0.12 1.06 - 1.06+1.79
8 16.73 10.78 0.02 - 0.17 0.14 13.95 2.54 7.72 1.08 5.31+£6.13
9 32.77 24.53 2.10 4.98 8.00 2.78 32.97 13.81 15.46 6.74 14.41+11.23
10 46.10 40.40 8.59 9.65 17.13 9.90 49.98 23.01 19.30 15.81 23.99+14.87
11 55.35 55.95 19.98 16.06 26.53 21.34 63.66 33.36 22.56 30.54 34.53£17.25
12 63.24 70.77 32.33 27.03 37.82 31.73 74.11 44.11 25.92 53.19 46.02+18.24
13 67.77 79.64 36.96 31.95 43.24 34.63 76.41 45.77 26.82 60.23 50.34+16.41
14 72.16 88.19 40.88 36.51 48.09 36.62 77.38 46.39 27.17 64.83 53.82+19.38
15 75.63 95.98 43.79 38.73 50.30 37.10 78.58 46.54 27.81 66.03 56.05+£20.77
16 82.58 103.31 46.47 40.50 51.19 37.65 78.80 46.80 28.12 66.26 58.17+22.53
17 84.63 108.42 48.44 41.74 51.81 37.94 79.60 47.11 28.35 66.46 59.45+23.58
18 85.31 110.92 48.90 42.76 51.98 38.03 79.69 47.32 28.65 66.62 60.02+24.03
19 85.88 112.20 49.18 43.53 52.12 38.15 79.82 47.39 28.78 66.73 60.38+24.28
20 85.98 112.88 49.40 43.89 52.31 38.28 79.92 47.48 28.89 66.85 60.59+24.37

33 EAWWMRKES TEMAMHCH ST 5%
B A, — OB T E R R AR E IR A Y hE
SR T E L Z R TR AR E RTRESHE,
TEPL IR FERT K, R 25 K H JE I e A K
1M SmartRoot Ml 22 7% AT AR #i 25 I i) 1] /- 2k 47 4k B,
JTT PR IR A G H M R KGR . AR
DI R K ERE T ERRIEE IR LY W17
PERUA] SRR AR [R) A R A RKOTR S Y B R
TTRES TEMMECHES T, 25 aE 2¢ iR, &
AWM EEKES T &2 %M X (7=0.001X-
0.004 2,R*=0.923 4) , % W F| F§ SmartRoot | 5 % 3
PR, AT R A E AR A AR

3.4 LT SmartRoot [ % & B & & 3% A8 1k o)
Br S SCHk L B SR A A PDA 5
MMP [ (R8s 725 . Ry BIF 5% % 20 18 18 28 7 N [R) 15 7%
FE [ A K 3R A% AR 4L 3 5T SmartRoot K {4 4b #
S A AE MMP F1 PDA [ 435 35 58 | 9 18 % 0
KAEKEE HROBKE HRERUKLEHERIH
B, Bt a5 A R AN [ 85 95 R 8 R 0 R R KR

. 26 .

A K T AR B I 22 S (P<0.05) s 0 B8 H R 1A
TS Wk, ik 7R BCE £ 4 K 5 % PR
K, Nk PEPDA MK FRBEFEIE., WA

39%§20
4 itit

T M 27 I T AF R Kk R 1) — 1187 28 SR
2, F T FE AN R FREE T i 35 DA R 4 4 i 3R A
1T RGN, o AE 3 R 43 B, I R AL 0 fif 28
2R R R DL KR BRI SR L R 2 0 R
D5 52 2% PR IR 5 0 1 a8t 1 BRI E 5T AR el R O
T AR A )z B R HT 7E D) RE S TR 2 2 25 W) iE R R
A TR S 3 A WE E Y R A A . 2011 4R
Robert Furbank 2t 1 3¢ BB 5% () i 250 0] 2, (46 2
IR o 2 A G MR 1) 2 Rl B I A R R
FE T TR] W0 A f iR 22 OC B R AL Y S GE i o AT
el H %) 2017 4F |, Francois Tardieu F1 Malcolm
Bennett 3L 7] $2 ) T 2 )2 R R RGBSR A 48

ARk N TR e AN R H R B i i T
LT, 55 G 7 A e, LR R B R



26 55 194
20204F 10 A

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 26,No. 19
Oct. ,2020

a MMP [l {15 95 3 B 72 B 55 1 ;b PD A I8 P 5 96 JE B 95 556 14
B3 FESEAEEFREERRS

Fig.3 Growth status of Armillaria gallica in different media
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Table 2 Armillaria gallica was cultured in different medium (n=4)

FAHG bR SR E S F+s P

I3 R MMP 34.50+13.63 0.237
PDA 56.00+29.80

WREKE /em MMP 45.89+16.41 0.033
PDA 94.88+28.66

R H AR /mm MMP 0.44+0.04 0.320
PDA 0.47+0.05

I RAERK#E/cm-d! MMP 5.94+0.64 -5

PDA 14.14+2.58

5o SmartRoot s& — > % ] il & A8 W) AR & i ik it
B EAE, AT B i E S8, I BT DS SRR
Ak . AW AR A BT ) PR A Y 3
AR AR 5 ZR 11 28 20 TR TR 2 A K DL BRI TR R R
VTIANE = /U i 1S I T A 2 o RN S S N
SmartRoot ¥ {1 iz H] 31 % P 1A 1/ &R 19l & b AR
R A, 2% A G A AT A AR R A B D A R
WinRHIZO , {545 5 32 B H A REAR 4 sz 1 21 3 R
AT b

VE 1 T BRI 45 52 vh 28 68 K R A0 25 i 4t A=
R, 5 R I A ROIR UL 23 52 e B 0 o B 5
O SHEY B RKSEEWR . 55—
T, % PR I8 S AR AR B 3 22—, HA] LU A4 |
e e 7 L N 1 N e S N )
R A DA S BOM RSB T, 18 AR K AR AR RCE
JE T SmartRoot 4 v i £ T 5% 3 & 19 F 3 ) o
F 2l 8RR ) Be 0 2 PR TR T R 0 AR ROIRAS AT B

WA, T A R R Y M A R TR TR RS B . T
2R I A B4 s A B AT LR R AR R R
P A SR A M A P T T R AN B A 43 RT D A A D
M1 % . SmartRoot 92 [ 2 A =X 0T DL [ 38 N
b3 AR O O T A, A S T R R 5 R
o3 A B ER B R R, AT o b EE 4 T R A D A
F K BE K Ay B B o SR, {8 ] SmartRoot B 77 2
TR AE T3l a2k A h AT IR ER R 8 W R B,
RVEPEBRER 1 A e L AATEE S a5 R &
A ATH o an 2R RO B9 53 #8553 %, SmartRoot
0 AN B8 HE 0 A9 R B & 2 IR R SRR, 5 IR
TH E A48 7 AR HE BE &, 5 W R b i) R
BRCIE o i T AR RO T A FEE Fn 8 =0
BB B 4F ) 8, A WF 58 4% SmartRoot 55 Synbiosis
ProtoCol 3 52 & 73 HrAX &5 &, 1 H & ] T 4% BRI 1
KM RAUEN . BHTFENE, EMH
SmartRoot J2 &5 1 25 % 35 8 FLAR B, G S A RE S
EHWERAREAN, g8 5 5Bl A
BOR 25, W O B T 0 4 R DL i e
) Y A

A F L5 i T W & 7 2, i ] SmartRoot
3BT IR I A RO, R B R0 48 R R BV AT S
F R A5 A ORI  A 1 B4 RE R 8 B IR
i F )5 S22 B oT , AT UL Aff AR A O
iz ] SmartRoot K4, o] DL & & i A KK A
Mo BOR A R AV EHE L BB 08 hy 2 PR TR 1Y S A
TE TR AL S A7 25 BRI O A 2 B R 3R
RIS TR T 2%

. 27 .



%526 H4 19 1 hESREHFFFERE Vol. 26,No. 19
20204 10 H Chinese Journal of Experimental Traditional Medical Formulae Oct. ,2020
(&% k] (5):43-46.

[ 1] J&¥,FRANCOIS T,TONY P, 4 . fH#R R % K [10]  MpEe3e ZRMh REME, % S SEREIERRR
JELCBUAR S B LT M ROl R AR AR i, 2018, 41 WEFEt R (7], WALl B2 ,2012,51(4) :655-659.
(4):580-588. (1] ZBE &R, SO, 55 . I E WA Y A i e it

(2] BXAVL. W FRBA 2 KRB M e it e (0], 4k [T]. ZRAEMROE R 22 41,2004 ,32(6) : 89-94
W KRG 24,2019, 1(2) : 5-18. [12] YUAN Y, JIN X, LIU I, et al. The Gastrodia elata

(3] EEBE, oK, WG, 45 . 1F Y 2 70 41 5080 5 ik 5% ik genome provides insights into plant adaptation to
JE R JREE[T]. P ELIE S ,2018,30(5):13-23. heterotrophy[ J]. Nat Communicat,2018,9(1):1615.

4] BAWBEKX, ARG EY R H =05 kR [13]  BEFRE WM, 0% 55 . 5 /i B PR T PCR-RFLP PR35
(3] VAl K22 42, 2015,37(6) : 1105-1112. SO T AT IS LI]. I R 2 R R, 2019, 44 (17)

[ 5] WRWeLr . e hEY 3R B2 AR ) R A 22 L 530 3622-3626.

WELT]. MEYI244,2015,41(2): 175-186. [14]  JRBRME, 2R, RTFRE, 5 BRIk R

[6] NAIK H S, ZHANG J, LOFQUIST A, et al. A real- SELT]. W25k ,2017,40(8):1770-1772.
time phenotyping framework using machine learning [15] LOBET G,PAGES L,DRAYE X, et al. A novel image-
for plant stress severity rating in soybean [J]. Plant analysis toolbox enabling quantitative analysis of root
Methods,2017,13(23):1-12. system architecture[J]. Plant Physiol, 2011, 157 (1) :

[ 7] LOBET G,PAGES L. A novel image-analysis toolbox 29-39.
enabling quantitative analysis of root system [16] Z=%:,Fwes . TAH 2 AL AR A R FR)
architecture[ J]. Plant Physiol,2011,157(1):29-39. 2E[T] AR ,2013(7) :41-47.

[ 8] Xz, 24, 3hh, 4% . i2 JH SmartRoot Il 4% JiE 1 40 [17] WAHRIR ST AR, BR L, &5 OB — R SR B2 2 i
LT, HiW A 2447 ,2013,37(8) : 786-792. JEZ ML), RIS ,2019,54(5) :558-568.

[9] ®hgsR, A%, Wik, % . SmartRoot £ K FL M RIE [RERE WMEM]

AR AR E B R AT LT]. B A= 3 i, 2017, 23

.28.



