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A.
Agrobacterium-mediated maize transformation – Hi II pipeline

1. General Overview

No additional constructs have been added to the Agro-construct/strain table in this quarter (see 2Q02, Appendix 2 for most recent table).  Regeneration is now complete for EHA101 (S1) Agrobacterium constructs A7 through A9 (second round) and is in progress for constructs A10 (b) and A17.  Clone picking, naming and regeneration for constructs A20, A21, A11 (b), and A22 are underway.  

Some field embryos were infected this quarter (8/9/02) to see if construct (A15S3 or A2S1) or co-cultivation medium containing cefotaxime might favor clone recovery from field embryos.  Results are pending for this experiment.

Focus this quarter has been on B73 immature zygotic embryo infections, alternative target tissue infections, developing new selection methods for re-transformation, completing A10 and A17 NSF constructs to plants and finishing A20/A21/A11 NSF construct infections.

This quarter we started and finished infections for our first pipeline construct (A22S1) as well.

2. Efficiency of clone production

Appendix 1 outlines transformation efficiencies for pipeline constructs completed or currently underway this quarter. Pipeline experiments are now routinely carried out on co-cultivation medium containing 300 mg/L cysteine + 250 mg/L cefotaxime.   Overall efficiencies on cysteine containing medium (with or without cefotaxime) for finished constructs ranges between 0.5 (A12S1) to 3.2 (A21S1).  Efficiencies for A10 and A17 on non-cysteine co-cultivation medium were zero over 470 and 459 embryos respectively.  Several experiments for A20, 21, 11, and A22S1 are still in selection so the listed efficiency is for only those experiments that are complete.

Note that Expt 3/11/02, not 3/8/02 used A13S1, as reported in this table in 3Q02 .

3. A7S1(b), A8S1(b), A9S1(b), A13S1, A14S1

The agreed upon strategy for the second round of A7-A9 was to take 3 plants/event to the PTF greenhouse and deliver the rest to Tom Peterson (contact person Tanya Rogers) in plates for maturation in their greenhouse.  This is almost complete and within the month we should be able to close the files on these three constructs.  Regeneration of these three events was straight forward, and the plants were generally very good.

Recovery of more A13S1 and A14S1 events from experiments completed this quarter allowed us to finally meet the quota of events requested for these two difficult-to-transform constructs.  The last clones of these two events have been picked and are currently going into regeneration or are on their way to the PTF greenhouse. 

4. A10S1(b) and A17S1 (see NSF3Q02)

5. A19S1

Along with Jennifer’s help, Patricia Bordallo carried out her own first two infections with this construct on 7/1/02 and 7/5/02.  To date, no clones have been forthcoming from these initiatil experiments (Experiments Jennifer did on the same day but with different constructs and ears did yield clones, however).  To determine whether there is an intrinsic problem with the A19S1 construct (note, construct clearly does effect efficiency as we’ve seen for A12,13 and A14) PB, JM and BF sat down together on 9/27/02 to infect 7 ears split between A19S1 and A2S1 as a positive control in case something is not right with A19.  All media and subsequent transfers will be carried out by JM/BF et. al . If we have extra ears in future, we will do a few more pipeline experiments with A19 to try to ensure that Patricia gets some clones from this construct for her project.

6. A20S1, A21S1 and A11S1 (see NSF 3Q02)

7. A22S1

We have infected over 2000 embryos from 5 experiments (See Appendix XX) with this, our first pipeline construct.  Seven clones have been picked to date and the first of these is now in regeneration. These seem to be emerging quite rapidly from selection.

8. Agro-plants to PTF greenhouse

To manage PTF greenhouse space better, and hopefully to create extra space for planting more embryo donor plants, Agro-pipeline constructs (such as A22S1) will not be taken to seed in the PTF green house.  NSF and research constructs however, will be taken to seed by PTF but at the rate of 1-2 plants/event.  Table 1 below lists the number of plants sent or anticipated to the greenhouse for the Agrobacterium work in the lab. Kan has suggested that we do 2 plants for all A17S1 and A21S1 events but one plant per event for the A11S1 and A20S1 controls. Note that the A7-A9 plants for Tom Peterson will be finished in the greenhouse before the wave of A20/21/11 constructs come through.

Table 1.  Projected number of Agro-derived transgenic plants for 3 months of infection
	Agro-Construct I.D.
	Infection Dates
	# of events ordered or produced
	# of events to PTF greenhouse
	Dates to gh
	Projected number of plants

	A7S1 (b)
	3/29, 4/1/02
	10 more
	31
	July-Sept/ 02
	93

	A8S1 (b)
	3/11 to 5/24/02
	20 more
	32
	July-Sept/ 02
	96

	A9S1 (b)
	4/2/02 , 4/19/02
	10 more
	42
	July-Sept/ 02
	126

	A10S1 (b)
	2/15 to 6/7/02
	15
	15
	July-Sept/ 02
	30

	A11S1 (b)
	7/19 to 9/13/02
	Unspecified
	10
	Oct –Nov/02
	10

	A17S1
	2/15 to 6/7/02
	Unspecified
	22
	July-Nov/02
	44

	A20S1
	7/26 to 9/13/02
	Unspecified
	30
	Oct-Nov/02
	30

	A21S1
	7/26 to 9/13/02
	Unspecified
	30
	Oct-Nov/02
	60

	A22S1
	8/5 to 8/30/02
	10
	none
	
	


B. Agrobacterium-mediated maize transformation research – NSF 3Q02

1. Treatment comparisons

A summary of the 9 experiments in which anti-biotics (carbenicillin or cefotaxime) were added (or not) to co-cultivation medium containing either 0 or 300 mg/L cysteine is shown in Appendix 2.  This data includes Hi II donor plant sources of (BXA, MGCAXB, and PTF2001AXB) and all ears devoted to the assigned media on any given day – even if the same ear did not go to control media as well.  When experimental transformation efficiencies are averaged over these experiments they are the same for 300 vs 300 cef co-cultivation medium (2.9%).  There is a wide range of experimental efficiency (0 to 10.4 for 300 cef and 0-7.8 for 300).   For the first time this quarter we examined GUS transient expression in embryos co-cultivated with cysteine + cefotaxime (Expt 8/2/02). The number of blue foci observed was similar (slightly less perhaps –unfortunately no control was done) to that previously observed for non-cefotaxime, cysteine-co-ultivated embryos and distribution of blue foci over the embryo scutellum was good.  Note that in Experiments 8/6/02 and 8/9/02 we saw considerable overgrowth even on the cysteine+cefotaxime plates as selection progressed. 

2.
Research construct s

Because it is still not clear whether A15S3 or A2S1 performs best as a workhorse construct, a large experiment comparing these two constructs across ears (field or green house-derived) was carried out on 8/9/02.  A subset of embryos infected with each construct was also taken to co-cultivation medium containing cef but not cysteine (0+cef).  Results from this experiment are pending.

To help Tuyen Nguyen (Bill Thompson’s lab) determine whether her version of PTF’s pTF102 construct was behaving properly, on 8/2/02 we carried out a control experiment on her genotype (M37W) and the isolate of pTF102 we gave her at the Dec/01 workshop. We used our fresh from –80 pTF102 and Hi II embryos as positive controls.  A detailed description of the experiment follows.

TY-pTF102 and BF-pTF102 were grown in either TY-infection or BF-infection medium (A1-4) supplemented with AS (100uM) for 3 hours, diluted to ~ 0.4 (OD550), and used to infected embryos that had been dissected to and washed with the matching infection medium.   Embryos from 3 M37W ears were grouped for this experiment and the average size was 2 mm.  Infection duration after rocking each tube 20 times was 5 minutes.  Embryos were plated to TY-co-cultivation medium (see Appendix XXX for TY media components), embryo scutellum up, for 3 days at 20 C and then transferred to TY resting medium for one day before a subsample was gus assayed.  The remaining M37W embryos were shipped to Tuyen.  These experimental treatments and GUS assays were repeated using Hi II PTF gh embryos (C1-4) and using Hi II embryos on BF-co-cultivation medium (300cysteine + 250 mg/L cefotaxime, C5-8) instead of TY-cc medium. These twelve treatments are outlined in Appendix 3 along with a summary of GUS transient assay results.   Results from BF’s end of this experiment were summarized in an email to Tuyen dated 8/8/02, and were copied verbatim to Appendix 4.

Efficiencies for A10S1 vs A17S1 are shown in Table 2 below.  Using either of these two constructs has not facilitated recovery of clones from non-cysteine medium, and when cysteine is included in the medium a difference in efficiency is not obvious.  While efficiency of transformation was higher for A17 than A10 in cysteine + cefotaxime medium in Experiment 6/7, no conclusions can be drawn from one experiment alone.  Note also that efficiency for both constructs was unusually high in this experiment.  When averaged over the three different co-cultivation media used, there is no difference in the efficiency of clone recovery between these two constructs.

Table 2. Comparison in efficiency of transformation using A17S1 and A10S1

	Expt
	cc medium
	A10S1
	A17S1
	
	

	
	
	# emb
	# clones
	# emb
	# clones
	Totals
	% eff (over construct)

	3/4, 3/5, 3/8/02
	0
	369
	0
	358
	0
	 0 / 727
	0

	
	400
	393
	11
	395
	9
	 20 / 788
	2.5

	
	
	
	
	
	
	
	

	4/22/2002
	0
	101
	0
	101
	0
	 0 / 202
	0

	
	300
	123
	1
	125
	2
	3 / 248
	1.2

	
	
	
	
	
	
	
	

	6/7/2002
	300
	97
	2
	115
	1
	 3 / 212
	1.4

	
	300 + cef
	98
	6
	109
	13
	 19 / 207
	9.1

	
	Totals
	1181
	20
	1203
	25
	
	

	efficiency across all media
	1.7
	2.1
	
	

	efficiency across cysteine media
	2.3
	1.9
	
	

	efficiency across cysteine + cefotaxime media
	6.1
	11.9
	
	


These experiments are complete.  Expt 2/15/02 is not included since no clones were recovered from either construct in this expt (2Q02). Expt 4/22/02 has been added here as it was inadvertently left out of the 2Q02 report.

Plant A10S1-20-3 (matured in the PTF gh) had a square stem (BF, personal communication from gh observations).

On 9/16/02, Jennifer sent the Gelvin lab frozen leaf samples of the first batch of A10 and A17 plants to go to the PTF green house, as follows:  

    Table 3.  A17 and A10 leaf samples sent to Gelvin 9/16/02

	Sample Number
	Construct
	Event
	Plant

	1
	A17S1
	5
	3

	2
	A10S1
	33
	2

	3
	A17S1
	4
	1

	4
	A17S1
	1
	3

	5
	A17S1
	3
	1

	6
	A17S1
	7
	3

	7
	A10S1
	38
	2

	8
	A10S1
	36
	3

	9
	A17S1
	17
	3

	10
	A10S1
	37
	3


Note that A17S1-17 (sent as sample 9) was mislabeled in the green house.  We know this because at the time of mailing these samples, event A17S1-17 was still in regeneration (no plants had yet been taken to soil).  Bronwyn sent an email to Stan on 9/17/02 alerting him that A17S1-17 was an unknown.

The only experiment close to completion to date in which A20 and A21 were compared side by side is 7/29/02, the results for which are shown in Table 4 below.  There does not appear to be a construct effect on transformation efficiency, but results from latter experiments will be needed before any firm conclusion can be reached.

Table 4. Experiment 7/29/02 transformation efficiency for A20S1 and A21S1

	
	A20S1
	A21S1
	
	

	
	# emb infected
	# clones picked to date
	# emb infected
	# clones picked to date
	Totals
	% Eff by cc medium

	300 cys
	197
	4
	255
	12
	 16 / 452
	3.5

	300 cys + cef
	260
	18
	239
	9
	 27 / 499
	5.4

	Totals
	457
	22
	494
	21
	 43 / 951
	

	% Eff by construct
	4.8
	4.2
	
	4.5


3.
Hygromycin selection

Results from the two hygromycin selection experiments carried out to date are given in Table 5. Based on the 1994 paper by Hiei et al (Plant Journal 6(2): 271-282), my assumption in the last quarterly that pTOK233 did not carry a gus-intron gene was incorrect. In this paper, the authors state that “this intro-gus reporter gene expresses GUS activity in plant cells but not in the cells of A. tumefaciens”. Blue staining in putative clones should therefore be an indication of stable transformation of these events. The majority of these events did stain blue (Table 5). 

Table 5.  Efficiency of transformation using pTOK233 (hygromycin)

	Experiment
	cc medium
	# embryos
	# clones
	# gus+ / # tested
	% efficiency

	4/19/2002
	0 cys
	160
	1
	 0 / 1
	0.6

	
	300 cys
	207
	13
	 11 / 13
	6.3

	6/14/2002
	300 cys
	483
	21
	 17 / 21
	4.3


All clones in Expt 6/14/02 were selected as follows:  Embryos were taken to 10 mg/L hygromycin after 1 week on resting medium.  Two weeks later, embryos were moved to 25 mg/L hygromycin for two weeks then moved to 50 mg/L hygromycin for final selection.  Clones were bulked on 50 mg/L hygromycin and regenerated on 25 mg/L hygromycin. Clones from Experiment 4/19/02 were selected on various combinations of hygromycin concentration as shown in Table 6.

Table 6.  Selection scheme for 4/19/02 hygromycin / pTOK233 expt

	first selection after 1 week on resting medium
	2nd selection
	3rd selection
	cys in cc medium
	# emb
	# clones
	% transformation efficiency

	0
	0
	0
	0
	13
	0
	0

	
	
	
	300
	21
	0
	0

	0
	10
	25
	0
	14
	0
	0

	
	
	
	300
	21
	1
	4.8

	0
	25
	25
	0
	13
	0
	0

	
	
	
	300
	21
	3
	14.2

	10
	10
	25
	0
	nt
	n/a
	

	
	
	
	300
	25
	4
	16

	10
	25
	25
	0
	38
	0
	0

	
	
	
	300
	18
	0
	0

	25
	25
	25
	0
	20
	0
	0

	
	
	
	300
	25
	0
	0

	25
	50
	50
	0
	20
	1
	5

	
	
	
	300
	22
	3
	13.6

	50
	50
	50
	0
	42
	0
	0

	
	
	
	300
	54
	2
	3.7

	
	
	
	0 cys
	160
	1
	0.6

	
	
	
	300 cys
	207
	13
	6.3


Regeneration of most of these hygromycin resistant clones is underway (we have discontinued regeneration for some of the later 6/14/02 clones so as not to over-fill the gh with research-related material).  Selection pressure during regeneration was initially 25 mg/L hygromycin and is now 50 mg/L hygromycin.  Non-transformed callus taken to 25 mg/L hygromycin turns brown but does tend to form some properly matured embryos.  Conversely, using bialaphos selection in regeneration shuts down mature embryo formation altogether. Results for the response of non-transformed callus on 50 mg/L hygromycin regeneration medium are pending. We have not seen browning of any of our putative hygromycin clones regenerating on 25 or 50 mg/L hygromycin. 

4.
Paromomycin selection

A kill curve for selection using paromomycin was done this quarter to provide us with a third selectable marker that may serve better than pTOK233 to use with some of Stan’s constructs.   Hi II embryos from 4 green house ears were initiated (9/3/02) for 8 days on C (resting) medium, after which all non-responding embryos were discarded.  The remaining embryos, all of which had callus initiating on the base of the scutellum, were distributed randomly on an ear basis onto 7 different concentrations of paromomycin (10, 20, 40, 50, 100, 150 and 200 mg/L ) and a 0 control on 9/11/02.  Approximately 60 embryos, representing 4 different ears, were plated to each concentration of paromomycin.  Sixteen days later (9/27/02), embryos were assessed for whether they showed any sign of living tissue.  Results are shown in Appendix 5a (raw data) and 5b (% kill graphs).  Note that the assessment was purely on the presence or absence of fresh embryogenic callus, not on the quantity thereof.  It should be noted however that at levels less than or equal to 50 mg/L paromomycin, proliferation of callus on a minority (40 and 50) or a majority (0, 10 and 20) of embryos also occurred.  The size of the 0 P callus/embryo explants was many times greater than that of the non-proliferating embryos plated to 200 P.  Severe browning was evident beginning at 40P on some pieces, and by 100P was evident on all pieces even if accompanied by some lobes of new growth.

5.
Inbreds and alternative target tissues
a.
B73 immature zygotic embryos

Between 4/22/02 and 9/16/02, immature zygotic embryos from 76 B73 ears (gh) were infected with the A2S1 Agrobacterium construct in 23 separate experiments (Appendix 6).  A15S3 was also used in two of these experiments (5/3 and 6/4/02).  These experiments represent over 5000 explants using this target tissue. Initially, all embryos were co-cultivated on standard B medium (i.e., that used for Hi II), however from 6/4/02 onward, co-cultivation medium for B73 ize has been dicamba based, called B3DS5 (3 uM dicamba and 5% sucrose).  Embryos have been co-cultivated with and without cysteine on this basal medium, and then transferred to the same (3DS5) resting medium, or resting medium containing 9 uM or 15 uM dicamba with 3 or 5% sucrose.  Continued response of embryos has been the most consistent on the 3DS5 based resting medium (C3DS5 cef).  

Response of B73 embryos in this inbred Agro/transformation system has been extremely inconsistent.  This phenomenon appears to be associated with ear source more than any other factor.  For example, small embryos (1.2 mm) do appear to form Type I callus better than big ones, but we have also done numerous small embryo-ears and seen no response whatsoever following infection.  In some experiments, notably 9/10/02, embryos form Type I callus following infection at a rate of 85%.  In the majority of experiments however, response has been close to zero, and to date we have recovered no stable clones from these experiments although a considerable amount of material has been taken to 1B or 2B selection (note that we have been moving only responding embryos on to selection for this research because so few have generally been responding).

We may need to redirect our efforts to another inbred given the inconsistent nature of the B73 ears from our gh (see future plans). 

b.
B73 shoot meristem cultures

This quarter we carried out two small experiments (8/23/02 and 9/17/02) using BF’s year-old B73 shoot meristem culture (SM-1) that has been maintained in the light and the dark.  In the first experiment, small lobes of this Type I/organogenic material were vacuum infiltrated or sonicated while submerged in a pre-cultured Agrobacterium (A2S1) suspension.  Co-cultivation was carried out on 0 or 300 cysteine. Transient expression of the gus gene was visible 6 days later on some of this tissue, but recovery of the material was almost zero (anything still growing is being nurtured).  In experiment 9/17/02, larger pieces of explant were infected in the same way, and again transient expression was visible.  This latter experiment is on selection but in both experiments, severe browning of the infected material rendered it almost unrecoverable.

Initiation of new shoot meristem cultures from mature seeds of B73, Oh43, H99, B104 and Hi II was begun 10/2/02.  Seeds were surface sterilized by rinsing with 70% ethanol followed by 3 sterile water rinses, then swirling the seeds in 50% bleach for 15 minutes on a rotary shaker followed by 5 sterile water rinses and plating the seeds to MS based germination medium in the light.  Leaf whorl sections containing the shoot apex will be dissected to CSMD9B (Sticklen medium with MS Salts and vitamins and 9uM BAP and 4.5uM 2,4-D) for culture initiation in the next few days.

c.
Type I callus

 Two agro/transformation experiments with newly initiated (field 2002) B104 Type I callus were done this quarter (8/23 and 9/16) but to date we have seen no transient expression in this material regardless of the treatment applied.  In some instances however, the material has recovered well, without overgrowth (we have done some explant rinsing with these alternative target tissues), and anything that continues to grow will be carried through selection.

d.
Type II callus

Hi II (9/10/02) and B104 Type II callus (8/23 and 9/16/02) were infected with A2S1 this quarter.   The Hi II callus was co-cultivated only on B300cef while the B104 was cultured on 0 or 300 mg/L cysteine during co-cultivation.  Although we have seen no transient expression in this material, recovery seems to be good, and we have not seen any overgrowth yet.  In very early experiments at PTF using Type II, Hi II callus and PTF3 (super binary) we saw very plentiful and well distributed transients on infected callus, however this PTF-assembled construct is not gus-intron. In these early expts, we also added silwet to the Agrobacterium suspension at 0.03% (v/v) during infection and noted that callus submerged in the infection suspension much better after this treatment.  It’s possible that some wetting agent may be beneficial in ensuring proper interaction between the very hydrophobic Type II callus and the Agrobacterium suspension.  In the 1998 paper from Dong-Fang Chen’s lab, Wu et al (Plant, Cell, Tissue and Organ Culture 54; 161-171) report that  that inoculation of barley cell cultures with their pBECKS.GUSint/hph/bar construct in EHA101 produced few to no transients relative to pTOK233 in LBA4404 but that both sets of vectors produced stable events.   We may not therefore need to be too discouraged if we do not see excessive transient GUS activity in some of this alternative target tissue research.

6.
Retransformation experiments

The following information describing what planting has been done using the A10S1 events was provided by Tina Fonger, gh manager:  “14 B73 X A10s1-1-3 and 14 A10S1-5-1 x B73 seeds were sown on 9/13.  11 of the seeds from B73 x A10S1-1-3 and 12 of the seeds from A10S1-5-1 x B73seeds germinated. They were sprayed on 9/23, 9/25, and 9/29.  All of the plants from B73 x A10S1-1-3 died.  7 plants from A10S1-5-1 x B73 survived and were transplanted this morning” (10/3/).  BF forgot to remind Tina to also plant an A11 control, so this was done on October 7/02 as described in the following 10/8 email from Tina: “Yesterday (10/7) I sowed 2 events from A11S1.  They were A11S1-13-1 x B73 andA11S1-15-1 x B73.  14 seeds were sown from each as well as HT for controls.” These plants will be selfed to increase the probability of the resulting embryos being transgenic (3:1).  Note that some seed from these crosses should be kept, resown and selfed for continued fixing of the A10 trait. 

 Some immature zygotic embryos will be bombarded (alongside non-transgenic Hi II or A11S1 embryos) with pBGF (pBARGUS, 35S-bar, Adh1-gus) and then plated on bialaphos containing medium for 2-5 days before comparing levels of transient GUS expression for the two genetic backgrounds (A10 and non-A10).  Hopefully this plating on bialaphos will allow us to distinguish between transgenic and non-transgenic embryos before the assay. A similar transient experiment could be carried out with pTF102 (Agro-infection instead of biolistic) or could be done instead of the bombardment depending on the number of embryos available.

  Secondly, some of these embryos and a control will be infected with pTOK233 and selected on a 10, 25, 50 hygromycin regime to try to determine whether the A10 background favors higher stable transformation efficiencies.  Whether bialaphos should also be included in the medium on which the A10 and A11 material is selected may be a moot point if we assume a random 3:1 segregation in both populations (efficiencies in both populations would be based on same number of non-transgenic embryos to begin with).  Unfortunately, with the A11 not planted at the same time, this may have to be an indirect comparison.  If we use non-transgenic Hi II embryos as the control, we could simply factor in the 3:1 ratio for the A10 material so an adjusted denominator is used for the A10 when compared to Hi II stable efficiencies.

Finally, callus cultures of a handful of A10 and A11 clones are being bulked on 3 mg/L bialaphos.  These cultures are pure for the transgene – unlike a segregating population of immature zygotic embryos- and therefore could be used as a template to compare transient expression levels quite accurately (by counting foci).  This would be a more controlled way of doing the transient comparison, but unfortunately, because we cannot yet transform Type II callus with Agro, we cannot do the stable equivalent.  Furthermore, this would be a blind comparison – we could then send the callus to Stan’s lab for analysis and compare foci # with levels of expression of A10.  Note that if we had a hygromycin biolistic construct, we could also carry out stable transformation experiments on this clonal callus.

7.
Plans for future experiments

Although transient GUS expression in B73 ize infected with A2S1 and co-cultivated on cysteine containing medium is excellent, the ear-dependent inconsistency of these embryos means that we will need to consider infecting another inbred or inbreds in order to meet our goal of inbred transformation using Agrobacterium.  Ideally, this should be an elite such as B73.  H99 (Tom Clemente, personal communication, Orlando 2002 ) and A188 (JT) have both been transformed with Agrobacterium  but neither is an elite inbred.  Other alternatives for which we have already characterized tissue culture response include Oh43, W22 and B104.  

2002 field ears of B104 8/2/02 responded 98% Type I (88/89 embryos from 3 ears) on 2 or 3 uM dicamba, 6% sucrose medium.  76% of embryos from the same ears produced Type II callus on 15uM dicamba, 3% sucrose (D15).   This callus was vigorous and rapidly growing. In contrast, two W22 ears dissected to the same media showed a 100% popcorn like, non-embryogenic Type I response (reminiscent of Mo17) on the low dicamba/high sucrose medium and a 45% Type I response on the D15 medium. In general, W22 response on all media tried to date has been intermittent and non- vigorous therefore it is not likely to be any better than B73 as a target genotype in our hands. 

Oh43 responds 100% vigorous, embryogenic Type I  on D15 medium.  We know that both Oh43 and B104 exhibit good transient GUS expression and can be stably transformed using the biolistic gun. We also know from exploratory experiments carried out in 2001 that transient GUS expression of Agro-infected Oh43 immature zygotic embryos is low to nil.  In addition, we have seen some transient expression on Type I callus of B104.  To this end, Tina has made 4 separate plantings of B104 (8/23, 8/27, 8/30, 9/3) for immature embryo harvest from our gh.  These embryos will be infected with A2S1 for transient assessment and stable selection.  We will also revisit Oh43 embryos as availability of ears (Lise is using them for 3 biolistic pipeline constructs currently) and time permit, as we do not want to place too much emphasis on transient expression alone (see Wu et al).

C. Outreach

This quarter, Jin Li (Schnable lab) used PTF flow benches to initiate callus from B73- related ize on SAMG or SAMG + mannitol.  He showed some of his callus cultures to Bronwyn so it seems his trial has met with success.

Crystal, Juan Carlos did their own transformation experiments on 8/6/02 with A22S1 and A2S1 respectively.  Note that Bronwyn did transients on Juan Carlos embryos (field/A2S1) and they were very sparse.

Lise bombarded soybean hypocotyls for Madan’s group this quarterly and BF made and sold X-Gluc substrate to them for subsequent transient expression assays.

Chuan (at schuan@iastate.edu) from Joanne Powell Coffman’s lab had BF bombard 20 more plates of  C.elegans  (10/9).  They met with good success using 0.6 u gold (we suggested this! – their protocol called for 1.0 micron gold) in their previous experiments.  

Kan and Bronwyn have been interacting with two of Dr. Hackbarth’s classes  in the Business College in trying to develop a biolistic pipeline Access dbase (see section E4) .  

D. Personnel and Other

 Heather Lowman left on August 16 to return to Vanderbilt.  Bronwyn hired Matt Meiners to work Monday and Friday 1-5 and Kyle Taylor Monday, Tuesday and Wednesday 9-12.  Matt had to quit the job to keep up with his school work (last day worked was 9/20/02).  Jennifer continues to work 2.5 days a week with Bronwyn and is helping out immensely with coordinating people, medium and work allowing Bronwyn time to focus on other agendas from time to time.  Kyle plans to give a talk at the 10/15 lab meeting on his FFA project on an alternative transformation protocol he tested for a senior project entitled:  Electrotransfection mediated transformation of In vitro African violet tissue.

 Lorean Mejia, Kan’s new grad student, is working with both Bronwyn and Lise this quarter, spending Tuesday 1-5 and Wednesday 9-12 with Bronwyn and Friday 9:00-3:30 with Lise.  She is learning all parts of the gun and agro puzzle from media making to infecting embryos and is helping a great deal with both pipelines.  This quarter, both Lorena and Kyle did an Agrobacterium infection experiment so we should know whether we’ve been able to transfer this technology to two new sets of hands by next quarter!

Lise was reclassified as PS13 this quarter –congratulations Lise.  Likewise, Lise re-wrote the position that Karen Sellers currently holds to be a ¼ P&S position.  This is being advertised currently and will close 10/16/02 after which we will interview suitable candidates.

The big autoclave was broken for about 2 weeks this quarter, underlining importance of having two functional autoclaves. As Madan and Dr. Westgate’s groups gear up, we are seeing more new people using the autoclaves.

Office G503 moved to G403, 9/26/02 with the same phone number and lock. Jennifer McMurray is now “desked” in G403.

E. Biolistic Pipeline-General

1.
Embryo donor plants 

Additional effort needs to be invested in delivering a consistent number of good quality (full ears with the right size embryos) embryo donor ears to the lab in time for set experiment dates.  Lise routinely dissects Hi II on Monday and Oh43 on Friday and Jennifer and Bronwyn dissect Hi II on Friday.  J&M also infect B73 on Friday, Monday or Tuesday depending on when the ears come, but it would be best to fix this day of the week too.  While the ears have been generally quite good, we sometimes end up with only 4 ears on an experiment day.  Because we have labor and media specifically available for these days, and more ears makes the experiment more meaningful, it would be ideal to try to consolidate ear harvest to the day before an experiment day.  This has the added advantage that ears will not be stored from Tuesday to Friday before use (assuming less time in the fridge is better before dissection), which is currently often the case.

To try to implement this kind of system, we would first need to be sure that “20 plants of Hi II per week” represents the number of plants taken to maturity, not the number of seed planted.  It is rare that 20 ears come to the lab a week, suggesting that an upward planting adjustment needs to be made to insure 20 ears to the lab per week.  Because this is the starting material of everything we do, it should not be limited, i.e., not less than 20.   

Secondly, we would need to time crosses such that, depending on the season of the year, 10 Hi II ears would be harvested on Sunday for Lise’s use on Monday, 10 more on Thursday for use by BF and JM on Friday and so on.  

Thirdly, this would require a consistent supply of ample pollen which in turn could be made possible by bringing no less than 20 plants to maturity/week, and timing planting/transplanting so that no break in maturing plants takes place.  Ears that were harvested for BF and JM Friday 9/20 were all timed in crossing so they would be harvested 9/19 – There was ample pollen available for doing 6 crosses on 9/9 and having 6 good ears for a Friday experiment made it worthwhile.  The next week, a similar attempt at crossing on Monday, 9/23 for Thursday 10/4 use was made, but the ears were very poorly pollinated.  A cross made 9/24 and harvested in time for 10/4 use was excellent however, suggesting that if the scattered seed set on these ears was due to limited availability of pollen, the window of non-availability was small. This may be fixable by moving plants under lights etc., or making the freshest pollen go further.  A third attempt at these timed crosses (9/30 crossings for 10/11 use) was aborted due to a marked lack of fresh pollen- pollen on shedding plants was old and the next group of upcoming plants was not even tassling yet.

All of these suggestions will require some new approaches at the donor plant end, but likely will not require extra effort.  For example, making 10 cut-backs and 10 crosses in the same donor plant row in one day is easier than making 1 a day for 10 days. Secondly, if crossings are timed, then Lise and Jennifer and Bronwyn could go to the gh the day before our experiments and harvest our own ears, making sure the embryos are the right size.  We would also then have a clear idea of how many quality ears are actually coming to the lab – not how many crosses were made.  I realize space is limited in the gh but this scenario does not require extra planting, just making sure that the minimum number of plants requested makes it through to ears that come ready at experiment time.  Secondly, we need to attempt to perfect our management of donor material rather than make do with the status quo.  It may not work, but if it does, it would be a better scenario than the current one. If it doesn’t work, we can at minimum say we tried to improve things.

2.
Access Database

As described in the Outreach section, this quarter Kan began initial interaction with Dr. Hackbarth of the Business College to implement an ACCESS dbase for the biolistic part of the maize transformation service.  She and Bronwyn are currently interacting with two of his classes which have undertaken this goal as a class project this semester.  Kan had some initial meetings with Dr. Hackbarth and then presented our current system to his classes.  In turn, the students visited the PTF lab (10/3) and Kan and Bronwyn visited their classes to answer questions (10/10). 

To date we have provided them with descriptive tables of the fields currently used in the biolistic pipeline ranging from Construct and PI information (Kan) to Experiment, Clone, Regeneration (Lise) and Plant (Tina) information (Appendix 7a-7i). We also provided them with contrived data tables (Appendix 8a-8h) that would exemplify data for the following Excel spreadsheets:  Contact People, Construct Information, Donor Embryo Plant, Experiment, Clone, Plantlet, Seed and Pollen Donor Plants. Finally, Kan provided them with drop down menus for some of the fields (Appendix 9). The goal is to have this up and working by semester end.

3.
Inbred Transformation
a.
B73 and B104

The 6/5/02 inbred bombardment (650 psi, ¼ gap, 6 cm target, 140ul gold dilution, 4 pre/1 post osmotic), reported last quarterly has yielded one stable B104 event from Plate 5.  Transient expression in all the tissue bombarded (SM-1 dark, B104 Type II and I, B73 Type II and I) was excellent (photos taken) but subsequent health of tissue deteriorated on all but the B104 Type II bombarded plates.  B73 Type II callus also looked quite healthy but eventually browned, and became quite wet.  Both the B73 and B104 Type I material lost its integrity after bombardment and became mush whereas the SM-1 material stopped growing and browned. Post bombardment medium for SM-1 was CSMD9B, for B73 and B104 Type I was D15 and for B104 and B73 Type II was SAMG.  Two separate replications of each tissue type were bombarded (gold tube 1 and 2) and 4 of the 8 plates in Rep 1 were lost to fungus.  The final numbers of tissue pieces bombarded are summarized in Table 7.  Only the B104 Type II callus produced a stable clone even though the B73 was selected on proline. It is possible that a longer post-osmotic treatment would have helped recovery of some of this material, although we have recovered B73 Type II clones following this 4/1 protocol in the past.  Interestingly, the considerable browning observed on the shoot meristem material after transformation has also been observed in this material after Agrobacterium infection, suggesting that this may be a generalized stress response of this material related to abiotic and biotic damage and may require anti-oxidants for proper management.

Table 7.  Biolistic transformation efficiency of various inbred tissue types

	Tissue
	Total pieces (rep 1+2) – contamination
	# clones
	% efficiency
	GUS transient description (foci/piece) 


	B73 shoot meristem-dark (SM-1 dark)
	72
	0
	0
	Up to 500 

	B73 Type I callus
	74
	0
	0
	10-50

	B73 Type II callus
	71
	0
	0
	50-100

	B104 Type I callus
	36
	0
	0
	10-50

	B104 Type II callus
	47
	1
	2%
	10-50 


b.
Oh43 – general observations and selection with glufosinate paint

We began bombarding OH43 IZE’s in May and after roughly 45,000 embryos, we have 18 events in regeneration, with more material coming.  In the past, we selected on D15S2 (2mgs bialaphos) for 2-3 weeks and then cut every embryo into small pieces and plated on D15S5 (5 mgs bialaphos).  As the project snowballed, it became necessary to streamline this process (each plate took ½ hr to cut and transfer).  We began to transfer entire pieces from D15S2 to D15S5 without cutting, thereby allowing the more stringent selective media to do more work for us.  After 2-3 weeks, we would then select pieces that showed fresh growth on D15S5 cut them into roughly 5mm pieces and transfer to fresh D15S5.  We saved the old plates and kept checking the remaining pieces for signs of fresh growth.  This is more like the selection process we use for Hi II embryos, where we ‘pick’ only those putative clones that show fresh growth.  It is much less labor intensive.  Based on visual observations, I see no real difference in the resulting efficiencies of the 2 methods.  We might also try cutting larger pieces with the first cutting.  This would save time; also, I often wonder if our efficiency is low for OH43 in part because we cut the callus into pieces so small that the putative clones are damaged.  Of course, we eventually need to cut them into small pieces to avoid chimeras.

Martha James has ordered 10 plants/construct for P183, P184 and P185.  In order to insure that her events are real, we plan to spray or paint each seedling with glufosinate while still in the seedling stage.  Margie said that soybean uses 100mg/L glufosinate (0.05% of commercial Liberty) while Sylvia reports good results using 600mg/L.  (0.3%Liberty)  We compared results from a  leaf paint of Hi II and OH43 seedlings in the 4-leaf stage.  We painted the 2nd leaf of each plant with 0, 100, 300 and 600mg/L glufosinate.  Results are shown in Table 8.

Table 8.  Leaf-kill ratings for OH43 and Hi II seedlings painted with various concentrations of glufosinate 4 days after painting

	Glufosinate

(mgs/l)
	OH43

*Senescence rating for leaf 2
	Hi II

*Senescence rating for leaf 2

	600
	2
	1.5
	2.5
	2
	4
	4
	4
	4

	300
	1.5
	3
	3
	3
	4
	3
	3
	4

	100
	1
	1
	2
	2
	3
	4
	4
	3

	0
	0
	0
	1**
	0
	1**
	1**
	Not painted
	1**


* Rating scale 1-4, 4 being equal to greatest necrosis: 0= no chlorosis, 1= slight chlorosis, limited to partial leaf,  2=chlorosis over entire leaf, 3=leaf death, necrosis and chlorosis, 4= leaf is completely dead and dry

** Some slight chlorosis of leaf tips may be due to lack of fertilizer

Clearly, Hi II is more susceptible to glufosinate than OH43.  100mg is adequate for testing Hi II but not for OH43.  The contradictory results for 300 versus 600mg/l for OH43 suggests that there may be a limit to the amount of Liberty one should use; it could be due to random variation or variation in the application.  I painted only leaf 2; we should probably paint/spray the entire plant while screening for escapes/chimeras.

F. Construct Summary (Maize Biolistic Transformation Service)

1. Overview

We completed P158-169 this quarter, and will soon be finished with P172-174.   We have received only 5 new constructs to bombard, P198-199 are from Wang, PC200-201 are from Schnable and P202 is from a new customer, Tsafrir Mor of Arizona State.  This construct is apparently part of some preliminary testing for antedotes to bioterrorism.  Schnable’s student, Jin, gave us field ears from 2 genotypes, Hi II and Mu Hi II, to test for differences in transformation when bombarding callus pieces with bar.  We are using PTF’s constructs (P198-199) to test the Madison protocol of a longer (10-14 days) pre-culture treatment. We are keeping busy with the ongoing work of the OH43 pipeline.  In fact, we’ve had to streamline our selection protocol in order to keep up with the amount of labor required for this inbred pipeline.  Our efficiency for Hi II pipeline is lower than usual: 7.4% overall, 8.1% for embryos and 5.2% for callus.  (see Appendix 10)  It may be media related; we were making N6 salts from scratch throughout June.  More than likely it is related to constructs.  Patricia’s experiment with P175 showed definitely that our bombardment protocol can produce very high efficiency with P2, while adding P175 reduced the efficiency.


We need to re-evaluate the efficacy of using Hi II field ears next year.  This year, we did not have many constructs to bombard and so didn’t need the field ears; also, field ears produce a lot of contamination when compared with greenhouse ears.  Field ears from the final 2 weeks produced nearly 100% contamination, so if we do use field ears next year, we should use only the earlier ears.  Another strategy would be to not check the embryos in the field but rather harvest ears based only on pollination dates.  This could avoid so much contamination from the field. Since we now have a relatively steady supply of Hi II greenhouse ears, we probably don’t need field ears or at least not so many.

2. Constructs

a.
 Larkin (P158-160)

We completed this project in late Sept.  Generally, the seed set was only fair.

b.
Peterson (P165, P179)

We completed P165 this quarter with ample seed.  P179 is being crossed.  Transformation efficiency was low for this construct, 4.4%.  It seemed as though many of the putative clones turned out not to be real.  One event, taken to .25d1b medium, continued to grow but then died in sections on the plate, as though the gene was turning off.

c.
Schnable (P166-171, PC200-202)

P166-168 were completed in July.  We came close to 5 plants for 10 events.  P169 didn’t produce any plants.  We presume that Skibbe and Schnable decided against bombarding P170 and 171.  We received Hi II and Mu Hi II field ears from Jin, from which we have been developing callus lines for the past 2 months.  We will bombard these with bar to compare the transformation rate of the 2 genotypes.

d.
Smith (P172)

P172 is currently in dry down.  We had 9% efficiency for this construct.

e.
Chandler (P173-174)

Chandler’s 2 large constructs are currently in dry down.  P173 (30 kb) produced more clones than the very large (115kb) P174.  P174 clones and plants also looked weaker than P173, but we are pleased to have produced as many P174’s as we did (efficiencies of 10.1% and 6.5% for P173 and 174, respectively)

f.
Wang (P175, P187, P198-199)

Patricia Bordallo has been doing extensive experiments with P175 and P187.  For more information, see the section with her research.  We are currently picking clones for P198-199.  We continue to use these in-house constructs to experiment with the Madison protocol.  So far, we are not getting good efficiencies with this method.  We used the same Bb parameters as we normally do, but according to Anisha’s poster, they used 1100 psi, 12.5 cm distance and 1.5cm gap.  We can try the longer pre-culture and use these parameters next.

g.
Hannah (P176-177, P181-182)

P176-177 are in crossing and dry down.  We had great efficiencies (11.7% and 15.5%) for these two constructs.  P181-182 have been somewhat more problematic what with low efficiencies (4.9% and 6.7%) poor regeneration and a miscommunication about the results for one critical batch of callus.  We now have 21 and 19 events in regeneration so hopefully, we can get 10 events for each construct.

h.
Bennetzen (P178, P186)

These 2 are in crossing and dry down.  We had great efficiency for P178 (11%) but only 5% for P186.

i.
Spalding (P180)

P180 is currently being crossed. This  is an on-campus customer.  We had good efficiency for this construct (10.3%).

j.
James (P183-185)

We have bombarded lots and lots of OH43 embryos and are starting to see some plants for all our hard labor.  More information on OH43 selection protocol in the section on inbred transformation.

k.
Cosgrove (P188-189)

We got low efficiencies for these constructs with our first round of Bb’s, so we bombarded again.  We currently have some events in regeneration and some in picking.

l.
Grotewold (P190-193)

We have also seen low transformation efficiencies with these constructs and have been re-bombarding everything.  P190 produced a pink callus in a chimeric fashion.  They think it’s due to a weak B allele in our Hi II lines.  We’ve taken 10 events from P190 to regeneration.  About half are pink.  We are keeping track of callus phenotype and also keeping pink callus separate from yellow within the same event.

m.
Li (PC194-197)

  We are bombarding these constructs for callus.  They have been plagued with contamination and so we have had to re-bombard several times.  We also had 5/19 contaminated plates which were sent to the customer!  This resulted in more stringent awareness of plate dryness and also resulted in a new letter and form for mailing callus plates.

n.
Mor (P202)

We received this construct very recently and have begun bombardments.  Mor is from Arizona State U and is working on preliminary experiments to test the efficacy of using maize to develop biological antedotes to bioterrorism. 

3. Plants to greenhouse chart
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