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An improved method to stain arbuscular mycorrhizal fungi in plant roots

YANG Yaning,BA Lei, BAI Xiaonan,ZHANG Lichao, WANG Deli *
Institute of Grassland Science, Key Laboratory of Vegetation Ecology of Ministry of Education, Northeast Normal University, Changchun 130024, China

Abstract: The procedure for staining arbuscular mycorrhizal ( AM) fungal colonization in root tissues developed by
Vierheilig et al. was modified by authors. Roots were cleared in 20% KOH for 40 to 120 min at 60°C in water bath and
then acidified by 5% acetic acid for 5 min. Cleared roots were stained for 30 min in 5% ink-vinegar solutions ( Parker
black writing ink, Quink) at 60°C in water bath. Roots were destained by immersing in tap water for 14 h. Arbuscules of
the AM fungi in root cortex were clearly visible and the distinctions between AM and other unidentified fungi could be
noticed under a compound microscope. Moreover, lipid bodies within the hyaline hyphae of dark septate endophytes ( DSE)
were stained bright red and clearly distinguished when roots were restained in Sudan IV (60°C for 60 min) and destained
for 5 min in 70% ethanol. Stained roots could be mounted in glycerin jelly for making a permanent slide with high staining
quality. This method should allow a large number of root samples of individual plant to be cleared and stained
simultaneously and provided a simple, low toxic and inexpensive technique for staining AM fungi in cleared root for both

wild and cultivated herbaceous plants with excellent staining results.
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EFY, IH, HEE RN R Z 2 ER, B A, 28 50 (6 B AR, TR e% 8, th
37 245/ A AL R B R AR o B, Vierheilig 2548 T BERR B etk P P,
{ULEFBE S0k (2K ) FIEEER , AR SR RER . 56 MR aMMRIEM G @R, £ BRIk A
JG ,AM EIE W R 2 OEMNEEFE AR e, 55 RWBUE R 2R, BiE TR NE AR,

B PR EL 1 ( dark septate endophytes, DSE) &2 —3¢% IR R NAEEHE ' . DSE 5 AM BB 4% R i 25
[l — YR & , {8 DSE A3 54 354E I LUK DSE 5 AM BB BAHE R RBFEAESW ™™ o ZEPAMR AT
AM AR, R ZFE WAEYR R BHHE AM E R DSE BN E RS, DSE BB S5 RAR R 1 & %240
JHa 18] i 4 A BRI 22 , LA B 12 J2 24 i ) R 200 Y A 4 £ O TR % . AR BX 22t KOH i@ AL B , I —E A G5
AR S SRS, WAL TR, DSE FEMR ZZ N KB i KEE 2, Barrow il Aaltonen 3R
FE B IERI YL A Sudan IV E G 7R, DSE 1935 B T 22 P BT AR SR 1 R 2 URL AT LA Sudan IV 3§ b 4165, £5 B
DIC 1% /%55 BEis i i bl 22 3] DSE W w22 . (HE N SR B #i7R 24 DIC BiE , % DSE
BB Z B BRI

Jufa 5 MR B T R AF , Bl N 2 R 3R 2 9 B2 3L R H i ( polyvinyl-lacto-glycerol , PVLG ) Jy 3t [ 5]
PVLG ZiR T AKHRAA, i J5 , PVLG TR R GE , 5 Z AP BT T A s 3 v Y, 388 TS e g Jr
Z IR . B, A A ARAS T , EARIA PVLG B &M T, A67FT , 3E R AR 4<ib B 4 /K12 A el B il &
U A A TR a0 Widden 32T DAH M AR BB B AM BRI, A SE S H
B 2 R R T4, B R AR AT L E &A™ . Widden A T RFE BHE BRIEM A AMEME E X 3
YL G 6 f5 AH RLAR B K A 88CR , SR B & i ik A e fB E g6 A Bea] LRFAR AT AR 62, T
FRYE LT Y B AR BAE T SRS 5, Widden TR HY , Vierheilig 5 FBS R 2K e B HA , 0] X BB
5ROk A R EHRE

AW ETE: (1) fidk & 'R E 8K, ETENEENA; (2) 2508 B R E/K Y6 5 Sudan IVEH
454 RN AT AM E A DSE BF5EH 5 (3) BRI B AR B2 /K B 8 + HOM AR AT -, A K BE R 82 7K e
8 + Sudan IVE YL + H AR A SR 1 B AW S FLB A FRACR , B iE Widden (4ENT, B, BEER S8 /K L 8
BARG H MBI B A KR T LAE AM Bk f 2560
1 RRHRSHE
1.1 YRR

ASEHG R 4 B bRl 7 BB R A R R UL B AE M) - SR L (Leymus chinensis) | 4 M By 2= ( Kalimeris
integrifolia) 7% % ( Phragmites commnis) 5%t 3E (Allium mongolicum) , A 2 2 Fp3RISHEY) , B H T8 ( Medicago
sativa ) KA (A. fistulosum) LI H1 R .

2007 4F 6 A4, ¥ E A FE EEFMAEM D20 L BRA 10 Z (BN 3.5 L) . [, BEEEEMH T
RIBTE 10 ZRARA 3—S5 thaM B2 Wadh AR EEERE B S iR, X e B2 B, IraEY)
Wi RABMAEF R AR b, B REEFEKPR, N TERAE,9 ARIKRR R, 2007 4£9 A9, fEHEHE
JE5E e AR BE S A AR 1 1 3 B RETE , o I G B AR R . 2007 4 10 A ), KA
WRETRANT S, FREYIRFEY FITEKGEE:, SR E MR AR, & B 2 500 g 41 UM 4IMR (B <2
mm) , Ffj 70% ZBEARA74 o
1.2 Jufa3)

ASLE R LT 15 v WAL E87K 5 Vierheilig {8 FF) Shaeffer (JFUCHNIL ) M6 88K 217 H#K .

1.3 JEP0R

BB 6 R IARKE KRR ZBE . BT 3 em KEUIREL, A AIFRISEE S E (2.5 o) &5 T, A5

IR Tk T B ] R AL e BB YA
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Table 1 Manufacturer, brand, color and application of the inks used in the experiment

1 3& P9 Manufacturer ‘i Brand i, Color FHi& Application
2% [H 8 K F ( Sheaffer) /A F] Sheaffer B PERK
Wre (U ) HERARRAE Pot B ¢ AT ENHLE I 28K
SN L SR E A BRA 341 9930 aiig PERK

EHRE 853 aiE FE K

eyt 9910 B BRFE K

Y1 312 E2 IR HFEHK
KETTSE S BKARAF 519 313 "R PERK

Y15 881 B BEBK

. T £ 818 R 5 Bk
R S A BRA T . Th b 5 £ EANEN FE K

JGE 201 af 5 Bk
EICE S AR A HeifE 202 R PERK
¥R Yl 203 EI PERK

Yeifk 204-A B BEBK

bab B 228K
IR A BRAH Quink ELI PBERK

# Sheaffer Jifi 2 {4, 4,5 2 /K ( Sheaffer black ink ) g [ F3& H i 11, 22 Vierheilig #iiA , 5 Vierheilig 254 Fi 1) 4[] — R 28 /K

#1000 ml BN 20% KOH 600 ml, B A B HUK IS PN 60°C oK, FRRHEA ARAE ) 2525 (100 ml
R RE RIS A W K FL AL B R BB R 2 ¥R O, LR 2928 0.5 mm) 32 F KOH ¥ . #HIAL
a2 B A5 dE 40 min, K% 50 min 42 522 60 min; FEE 100 min, 2 110 min, E1EE % 120 min,
WRAEZ LB AL TS , T35 IR R iR AR IR AT o

Bk FKPPE S min, B 5% ZERER{L 5 min,

et f3F 5% BERRBRK YLK (5% HVKEERR 95 ml, 887K 5 ml) ,60°C /KA, §f8 30 min,

i, KR, = AR K YL B ARAE B 5 10 min—2 h; Pot Sheaffer F1 Quink F 2 [ AR i
12 h L,

KBY  Sudan IV(REFHEEAFHMULTHFRI) J A (Sudan IV 3 g,70% £ 1000 ml) ,60°C /K iYL 7
60 min, [fi J5 & 7K #P % 3 min, FLFH 70% Z EERi €5 5 min,

1.4 #5580

PREUBL b3S AR BL TR R b, B PATIERR 6 MR B, WIS & A H i R 0 (IR 10 g, B
Eif 0.25 g, 78187k 60 ml, H i 70 ml) , 3% F 24 mm x50 mm % 5, HFRKARBR /I E R . BFEIR
FERIGEH A 3 7K, Sudan IVE Y5 R 3 5K, Nikon 80i 1E & BB WA FIIAIR .

2 BRE5HH

BB B KR EYRAERRKEN(E2), EFA6EHE BKEARBHERAK AM EEZ5H
B4 MAEERE KM REANRRTE AR 1: 6) (HE, AWM HEREN, BRAHE
BUKALRES e o (B VAR . M B HE Bk (521 881 W Db eEf 818) ik E 5 BK
9910 Y M B AL E B/KERAREME AM HIE H 22 VRS 6, Quink I Sheaffer J 45,455 B/K Xt AM
LR W 22 OB E YR E . Quink &5 Sheaffer 265435 Ba/KAH LA, 44 A, Quink X 3EH (& 1:
1,) B EHE (E 1. 4) FE 2 AR Y 30U 5 % ; Sheaffer X152 dE (& 1: 7) &M T 22 F kA IR (Fz
R LU ) Yefa 1 F I B B ; (B S Quink + Sudan IV YLBURE AT Sheaffer + Sudan IV, DSE (3% B
2ECEHMRTHE(E 1: 2) . 7EHTA MUK, BAFTEIRK Pot Xt AM B M YL R I )1 B
E (B 1: 8),
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SRR LAGE AM B EE @R SRK A RBUESK 0 KR HEZ K E @A RS0, BE (FEFKPR
) BRIE LA 1] 50 531 -4 P H 5 89K 0.5 h, Quink 71 Sheaffer 2844355 857K DA K& Pot 3 (43T B 827K
(1% )14 h,5% Pot Yefo J5 T E/i 4 48 h,

®2 TRSBAI AM HRREHRILE

Table 2 Comparison of different inks for staining arbuscular mycorrhiza in the cortex of roots

Bt Color i} Brand e fa 45 R, Staining result i Comments
AR N . Shigblig £ AM HERE G RiEH
k#ETE AM HEARE R AiE
A HETEHT 9930 OB S NI b & IV F A R
Z G 853 TLTES T\ B0 A H X &R AR
515 312 OB S NI b & IV F A R
Yl 203 TLTES T\ B0 A H X &R AR
R 415 313 MR AR, ABORE € g
Yl 202 HBEE AARR, MBRE 6 A&
R P e R 28K 9910 AM HEARE € RiEH
15 881 AM HEARE R AiE
. Thightis £ 818 AM HERE G RiEH
Yelfk 204-A AM HEARE R A&
blab = SR/ YN AM HEARE R AiE
UR SEARUE B /K 4l Quink AM HEE 6, W2 IR IBRER, RN 6 K2 &
. A RIS, 52 A DI SRR 6 RIS g
Pot F]El 87K AM HRA 0, W2 05 ABER G, R 6 K22 &
3 Zigfnitig

Koske 7l Gemma % Phillips 1 Hayman ) & B #E % 5,05 RO G LR BC 7 0t T B 200, s 7 R B A sl
R (R RIS , O T R ZE ELB A 22 B S UUR, HR AR T B Vierheilig 258 BAHS B84
W ERBR ARG GG AM AR T A0, AR SOOI TR , (U8 P R A 87K B i A e 38, B AT LA 375 i 3
XA EIZREY, INF R f) P BN Th22 i A RU(E11:1,8) o R FEBEPR SR /KJL IRIEE T7 HIMAH M5
HRE B = AFIR N B 22 KB S 2 B EADER N (B A RER)

T 203 55 4 FhoEEE SRR SRR CHCREF , XEARE R I . [H L, 028 S8k S0E A T3 AM AR
RIS (U0 AM B A7 AE-5 75 B 90 25 FIE Al AR 58 , AE A TS K . B4R Pot REAT
EpSR/K Xt AM BRIAR B AL S5 B9 R B ST EL Sheaffer I Quink B W 403K, HRBL ()5 , )2 HR 2 RAR 0, Bl
DSE WS R Z A ZHEN o B A A it R G st SR 9T ERAL & F 880K, F A R BRI @ F) K P PR RIIR
PERYSRIK, X AM RARB G BACR B4 . 0T B ATE NITE Sk Tz se SR, S — e A M4 1) ah i, B
FTERSRK X AR BEMEATERE o R AM BEAR G (57 BB

RS BN R R HR R R BB T b A SR o AR AL Ry A7, O BLAK
ME—EMNREHE R , 2 A AR BE Sk R LFIERFERIKA . Quink 5 Sheaffer #{2 PRI
£ IS Bk, Bk PR GRS A R L M AE R . HL, R B K 3% P Quink
RESRK A, BT LSRR A R S R AR

LA AM B8 BAREAT Gy, A AR R R R g . H MR R ERMNELES 556
BES AM EEIR (K 1:3) , 3R AR SR A B an RS 5 AM ZEIEE" . KA Quink 4
REBKPON, HLE o E, £ E KK ERER GG AR ZHA T DL 2R 6, AT
FRTBR 22 AT SR PR A B8 BT A0 €0, T LU ST S AR AE B0 B, X AML O S HE B . S L BRPE R LTI &
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MRt )E , EB ah B, KEAA S HEEFRP B AR, SRR ARMEZ TGO E RN, HEHZKIP AR
A S Hit, BRRaSUk R RN T X AM HFE S AR FEEA ELIR AT AM KR KRR,
A LA AR ZE

1 SAREHR
Fig.1 Roots stained with inks
Bl 1—5 2 Quink R SB/KHLE IR ;1. £ RAR R P R (L7 3k) 52. £ 5AR , Sudan VEHe, BRI DSE IZEH 2 (LLEAHK) ;3.
LM TR, —FREL HE, WLESELT AM B4 FEEER, mRAGMMES. KA, 7~ L F 62 MM B 6. 2=
R, FEMERR A SRS 0, a3 R 7. S AR, PRE AT BB0K Sheaffer Jefa R M (AL EAHTK) ;B 8. T2 4R, EAITEIZK Pot
8,78 A B

FEHIREALC SRR, i T AT EK B 100 ml R, RS 9 e R AL R B B SF B R
[l (EHE, A A T R A B AR E Y ) 2 AR SCBE B (2 . A SCHR AT 6 PP AOIR B R 7L 3
BEIBGR, MU KOH WROEVI AN, (B4 LY RERGEARER, KOH FRALEE AR K
EHRIRBIR, BLFRAT LR ] Koske Fll Gemma 77 H9 77 EEXTARFEAN AR F AR 2R, ELANGE FIA 2 WA 3K 5 S AL R
(H,0,, 20 #r4, AEBADT 30%) , FkE 10 )5 , EEARME 5—30 min, FHIMERRER KR, 2% Sudan
VA B, T Sudan V3R ZAGERH A RGRAIMEE J1, ZAen B B A (WSS o

5/ PVLG D5 , i UG B8R in 4@ % B IR A7 2—3 1A (LR AR o B AR E K
F 6 A MBER R T &3 : Ll PVLG NEEFIK TR CETE, B RAERBIHWEMER /T, A F
JRREE R T+ ar 2 —(38/475) o (T H MBS B, H B H 5 R A7 5—10 A SR 2, BrA 3%
FARAARARSE4F , JEHAR Quink JeEARBI YL ABOR AL, Widden 238 , FIH MBS A, e @BCRE LK
R 5a Pl bo BeAh, FETE i, H A St 1 , BUA AT LUEE AN AR B, S B 10 min DL b, SRJE 7ESK BRI
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